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READ THIS MANUAL BEFORE USING THIS PRODUCT.
FAILURE TO FOLLOW THE INSTRUCTIONS AND SAFETY
PRECAUTIONS IN THIS MANUAL CAN RESULT IN
SERIOUS INJURY OR DEATH.

All operators and service personnel must read this manual before operating
CENTROID CNC control equipment and all connected machine tools.

Keep this manual in a safe location for future reference.

Throughout this manual and on associated products where applicable, in accordance with
ANSI Z535, the following symbols and words are used as defined below:

“DANGER?” with or without a red background = _
A DANGER Hazard WILL cause death or serious injury if A DANGER

ignored.
“WARNING” with or without an orange
A WARNING background = Hazard COULD cause death or AWARNING

serious injury if ignored.

A CAUTION “CAUTION" with or without a yellow A CAUTION

background = Hazard MAY cause minor to
moderate injury if ignored.

“NOTICE” with or without a blue background = _
NOTICE Indicates an action to prevent damage to the NOTICE

product or other materials used with product.

Information provided by CENTROID relating to wiring, installation, and operation of CNC
components is intended as only a guide, and in all cases a qualified technician and all
applicable local codes and laws must be consulted. CENTROID makes no claims about the
completeness or accuracy of the information provided, as it may apply to an infinite number of
field conditions.

As CNC control products from CENTROID can be installed on a wide variety of machine tools
NOT sold or supported by CENTROID, you MUST consult and follow all safety

instructions provided by your machine tool manufact urer regarding the safe operation

of your machine and unique application.



CENTROID CNC controls provide facilities for a required Emergency Stop circuit which can
be used to completely disable your machine tool in the event of an emergency or unsafe

condition. Proper installation of your CNC control MUST includ

to disable ALL machine tool movement when the Emerg
This includes machine, servo motors, tool changers, coolant pumps, and any other moving
parts. DO NOT disable or alter any safety feature of your machine or CNC control.

Never alter or remove any safety sign or symbol fro
If signs become damaged or worn, or if additional signs are needed to

components.

e the necessary wiring
ency Stop button is pressed.

m your machine or CNC control

emphasize a particular safety issue, contact your dealer or CENTROID.

CNC Control Operating Specifications

Minimum

Maximum

Operating Temperature

40F (5C)

104F (40C)

Ambient Humidity

30% relative, non-condensing

90% relative, non-condensing

Altitude

0 Ft. (Sea Level)

6000 Ft. (1830m)

Input Voltage (110, 220, 440 VAC,
System Dependent)

-10% of Specified System Input

Voltage

+10% of Specified System Input
Voltage

Note: Your machine may have operating conditions different than those shown above. Always consult your

machine manual and documentation.

Safety signs and labels found on your machine tool, and on CNC system
components typically follow the following examples:

Warning Symbol

The warning symbol identifies |
the potential hazard and
reinforces the word message.

Hazard Severity Level &

Word Message

Action Symbol

A CAUTION

High Voltage

Electrocution Hazard.
Death by electric shock can
occur.

Turn off and lock out system power

before servicing.

The severity level is one of
“‘DANGER”, “WARNING”,
“CAUTION”, or “NOTICE".
Word message includes 3

Indicates actions to prevent
injury. Blue circles indicate
mandatory actions to avoid
harm. Red circles with

parts: hazard, consequence if diagonal slashes indicate
warning is ignored, and action prohibited actions to avoid

to prevent injury.

harm.




CNC Machine Tool Safety

All machine tools contain hazards from rotating parts; movement of belts, pulleys, gears, and chains;
high voltage electricity; compressed air; noise; and airborne dust, chips, swarf, coolant, and lubricants.
Basic safety precautions must be followed to reduce the risk of personal injury and property damage.

Your local safety codes and regulations must be consulted before installation and operation of your
machine and CENTROID CNC control. Should a safety concern arise, always contact your dealer or
service technician immediately.

Access to all dangerous areas of the machine must be restricted while the machine is in use. Ensure
that all safety guards and doors are properly in place during use. Automatically controlled machine
tools may start, stop, or move suddenly at any time . Do not enter the machining area when the
machine is in motion; death or severe injury may re sult.

Personal protective equipment, particularly ANSI-approved impact safety glasses and OSHA-
approved hearing protection must be used. Proper handling, storage, use, and disposal of materials
in accordance with manufacturer's instructions and Material Safety Data Sheets (MSDS, or your local
equivalent) must be followed.

DO NOT operate your machine or CNC control in explosive atmospheres or in environmental
conditions outside of the manufacturer's specified ranges. Electrical power must meet the
specifications provided by your machine and CNC control manufacturer.

DO NOT operate your machine or CNC control if any safety systems are damaged or missing.
Excessively scratched or damaged windows and guards must be replaced.

ONLY authorized personnel should be allowed to operate the machine and CNC control. Improper
operation can cause injury, death, and machine or control damage, and may void applicable
warranties.

All electrical enclosures and panels MUST be closed and secured at all times except during
installation and service. Only qualified electricians and service personnel should have access to these
locations. Hazards arising from high voltage electricity and heat exist in the control cabinet, and may
exist even after the main disconnect is turned OFF.

Improperly clamped or fixtured parts; improperly secured tooling; and broken parts, fixtures, and
tooling resulting from machining operations at unsafe feedrates and speeds may result in projectiles
being ejected from your machine, even through safety systems such as guards and doors. Always
follow safe and reasonable machining practices and follow all safety precautions provided by your
tooling and machine manufacturer.

Ultimate responsibility for safe operation and maintenance of your machine and CNC control rests
with shop owners and machine operators. Before performing any work or maintenance all individuals
should be thoroughly acquainted with the safe operation of BOTH machine tool AND CNC control.

Shop owners and operators are responsible for ensuring that shop and machine safety systems such
as Emergency Stop and fire suppression systems are present and functioning properly, as required by
local codes and regulations.



CNC Control Warning Labels

High Voltage Electrocution

Hazard.

Death by electric shock can occur.
Turn off and lock out system power before
servicing.

High Voltage Electrocution
Hazard.

Death by electric shock can occur.
Turn off and lock out system power before
servicing.
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Chapter 1

Introduction
Window Description

The CNC software display screen is separated imoafreas called windows. A sample screen is shHoelow for
reference. The five windows are the DRO displaiydaw, the status window, the message window, gt®s
window, and the user window. The information thath window displays is described in detail infilowing
sections.

DRO Display Window

| "WCs #1 (G54) Current Position (Inches) _| [Job Name: flange.cnc ~ 1
I X O 23 Oa I Tool: T1 H1 Program # 10000 : Status
=\ | Feedrate: 8.6 ipm artCnt: O 1 Window
| Y 0 360 | Spindle: 0 M Part # : 0 I
| . L COQlaNt _ _ Time: 0:00:28_ _ 4
o 1
\Z -0.2000; =
) : I Message
l A + O . 0 O O 0| Processing... b Window
I | Moving... =l
0 _'I‘QQQqu Press ESC to cancel H
= e T T T - === =========
| Dist to Go _:
I +0.2303 26. G2 Y0.142510.0712 F7.5
Y +0.7876 27. X-0.1425Y-0.1425 3-0.1425 !
7 +0.0000 28. X0.1425 Y0.285 10.3562 !
A +0.0000 29. X-0.285 Y-0.285 J-0.285 F10.0 I
| B +0.0000 30. X0.285 Y0.427510.4631 | _
I ' [ 31. J-0.4275 1 User
| 32. G1Y-0.6275F7.5 | 7 '
| 33, Y0.2 Z-0.2 F10.0 | Window
| 34, G2 Y0.142510.0712 F7.5 I
| 35. X-0.1425Y-0.1425 J-0.1425 I
I 36. X0.1425 Y0.285 10,3562 I
1 |
D o e o e e |
e e e e e e e B e e ]
I Feed Feed Repeat /Skips Feed Rapid | OPI?.OHS
Il -1% +1% on on Hold On | Window
T - - N NN S S A gL ___L_ I )

DRO display

The DRO display contains the digital read out ef ¢lirrent position of the tool. The display is foagurable for
number of axes and desired display units of megseeChapter 14). The bars under each axis @ledd meters
and represent the amount of power being suppli¢etalrive for that axis. The display of axis loadters is
configured by machine parameter 143 — see Chagtfar pecific information.

Distance to Go DRO

The distance to go DRO is located below the mai©DHR his display shows the distance to go to cotafilee
current movement. The display of distance to gmigrolled by parameter 143. See Chapter 14dtaild. See
also “Hot Keys” in chapter 2.
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Status window
The first line in the status window contains theneaof the currently loaded job file. Below the jodme are the
Tool Number, Program Number, Feedrate OverridendpiSpeed, and Feed Hold indicators. The Feedrate
Override indicator displays the current overridecpatage set on the Jog Panel. The Feedrateddbeirn RED
if the rapid override is turn off. If your machireequipped with a variable frequency spindle e(wverter), the
Spindle indicator will display the current spindigeed. The Feed Hold indicator displays the custtus
(on/off) of FEED HOLD. See Chapter 2 for descops of the Feed Hold Button, Feedrate Override Kaold
Spindle controls. For a description of the ProghNumber see G65 in Chapter 12 or M98 in Chapter 13.

The Part Cnt and Elapsed Time indicators appeanWhéCLE START is pressed while a job is runnindheTPart
Count indicator displays the number of times theanily loaded job has been run. They count inemsby one
after the completion of a run. If a job is candgbeematurely, the part count will not be increneeint The Part #
counter shows the how many parts have been run,amiup/down arrow displayed to indicate the cawnti
direction. See the run menu for more informatiarttte Part Cnt and Part # setting.

The Part Time indicator displays how much time passed since the CYCLE START button was presske. T
indicator will help you to determine how long ikés to mill a particular part. The timer will nsibp until the job
is canceled. It will continue to count for optibstops, tool changes, FEED HOLD, etc.

Message window
The message window is divided into a message seaftid a prompt section. The prompt section ofaimelow is
the lowest text line in the window and will displagompts to the user. For example, the promps$@Y CLE
START to start job' is displayed on the prompt lafeer power-up.

The message section is the top four text lineb®htessage window. This section will display wagsi errors, or
status messages. The newest messages always appleadowest of the four lines. Old messageshifted up
until they disappear off the top of the messagedawmn When old messages scroll out of view, a sbianl will
appear on the right side of the window. When tirelsbar is visible you may use the up and dowowrkeys to
view older messages. See Chapter 15 for a ddscript the CNC software error and status messages.

Options window

Options are selected by pressing the function Rdicated in the box. For example, on the mainestrpressing
the function keyF5 - CAM selects the CAM option.

User window

The information contained in this window is depemdgpon on the operation the user is performinghercontrol.
If no action is being taken, the window is empty.

For instance, when tHeYCLE START button is pressed and a job is processed corregilio 11 lines of G

codes will be displayed in this window for the usepbserve during the Run of the part. All of geat zeros, the
tool library setup, and the Digitizing/Probing infieation are entered in by the user in this window.
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Conventions

*Bold capitalized characters represent keystrolkes. example, the A key is written Asand the enter key is
written asENTER. The "Escape" key is written BSC. Key combinations such &4 T- D mean that you should
press and holdLT then pres®.

*All data entry screens in the M-Series Control E46 to save changes.

*Any menu in the M-Series Control can be exitedpbgssingeSC. This will take you back to the previous menu.
This also usually discards any changes you have rimathat menu.

*All program examples and software use the stan@amdesian coordinate system (see the figure beldiwjou
are facing the mill, the X-axis is defined positteeyour right; the Y-axis is defined positive teetmill; and the Z-
axis is defined positive upward, perpendiculah® XY plane.

Z+a
e X+
Y
X4 Y-

*The direction of motion is defined by the CUTTERion, not the TABLE motion.

—> +

You Press X+
U ——————9 Apparent Cutter motion = X+

Table

Cutter

Table moves to the left

*CW stands for clockwise, and CCW stands for cotahvekwise.
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Machine Home
When the M-Series control is first started, the Msireen will appear as below.

WCS #£2 (G55)  Current Position (Inches) Job Name: V24-B2ND.cnc
Tool: Ti1l H---
Feedrate: 100%

Spindle: 0o A

Stopped

0> N <X

—————— ——— Alt-S to start job, Alt-] to jog.

WARNING: Machine Home Not Set

1) Press Alt-] to jog all axes to their home positions
2) Press Alt-S to set machine home

SYSTEM ID
0000000000
DC System

. Shut
Setup MDI Utility Down

Fi F3 F7 Fi0

Before you can run any jobs, you must set the nmechome position. If your machine has home/limitches,
reference marks or safe hard stops, the contrchatomatically home itself. If your machine hasrefice marks,
jog the machine until the reference marks are lingd'see below), before you pré¢CLE START to begin the
automatic homing sequence. The control will exetlné G-codes in a file called cncm.hom in thenche

directory. By default, this file contains commarnd$iome Z in the plus direction, then X in the ngrand Y in the
plus direction.

Typical Reference Marks

If your machine does not have home/limit switchesade hard stops, the following message will appesead.

WARNING: Machine Home Not S5et

1) Jog all axes to their home positions

Z2) Press CYCLE START to set machine home

In this case you must move the machine to its hpos#ion yourself, using either the jog keys or tlaadwheels.
Once all axes are at their home positions, pta8SLE START to set machine home.
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Mill M and G Codes

This is a summary list of M and G codes. See Grait2 — 13 for more information.

MO0
MO01
Mo02
MO03
Mo04
MO05
MO6
MO7
MO8
M09
M10
M11
M25
M26
M30
M39
M91

Stop for Operator

Optional Stop for Operator

Restart Program

Spindle On Clockwise

Spindle On Counterclockwise

Spindle Stop

Tool Change

Mist Coolant On

Flood Coolant On

Coolant Off

Clamp On

Clamp Off

Move to Z Home

Set Axis Home

Customizable M-code for End of Intercon Progra
Air Drill

Move to Minus Home

M92 Move to Plus Home

M93 Release/Restore Motor Power

M94,M95 Output On/Off

M98 Call Subprogram

M99 Return from Macro or Subprogram

M100 Wait for PLC bit (Open, Off, Reset)

M101 Wait for PLC bit (Closed, On, Set)

M102 Restart Program

M103 Programmed Action Timer

M104 Cancel Programmed Action Timer

M105 Move Minus to Switch

M106 Move Plus to Switch

M107 Output BCD (Binary Coded Decimal) Tool Numb
M108 Enable Override Controls

M109 Disable Override Controls
M115,M116,M125,M126 Protected Move Probing
M120 Open data file (overwrite existing file)

M121 Open data file (append to existing file)

M122 Record local position(s) in data file

M123 Record value and/or comment in data file
M124 Record machine position(s) in data file

M127 Record Date and Time in a data file

M128 Move Axis by Encoder Counts

M129 Record Current Job file path to data file
M130 Run system command

M200/M201 Stop for Operator, Prompt for Action
M223 Write Formatted String to File

M224 Prompt for Operator Input Using Formattedrfstr
M225 Display Formatted String for A Period of Time
M290 Digitize Profile

M300 Fast Synchronous I/O update

M333 Axis Role Re-assignment

M1000-M1015 Graphing Color for Feedrate movement

eiG74 - Counter Tapping (Canned Cycle)

GO0 - Rapid to Position

GO1 - Linear Move

G02/G03 - CW/CCW Arc Move

GO04 - Dwell

GO09 - Decel and Stop

G10 - Set Parameter

G17/G18/G19 - XY/ZX/YZ Plane Selection

G20 - Inch Units

G21 - Metric Units

G22 - Work Envelope On

G23 - Work Envelope Off

G28 - Return to Reference Point

G29 - Return from Reference Point

G30 - Return to Secondary Reference Point
G40 - Cancel Cutter Compensation

G41/G42 - Cutter Compensation Left/Right
G43/G44 - Tool Length Compensation +/-

G49 - Cancel Tool Length Compensation

G50 - Cancel Scaling / Mirroring

G51 - Scaling / Mirroring

G52 - Offset Local Coordinate System Origin
G53 - Rapid Positioning in Machine Coordinates
G54-G59 - Select Work Coordinate System
G61 - Modal Decel and Stop

G64 - Smoothing Mode Selection / Cancel Modal Dacel Stop
G65 - Call Macro

G68 - Rotate

G69 - Cancel Rotate

G73 - High Speed Peck Drilling (Canned Cycle)

G76 - Fine Bore (Canned Cycle)

G80 - Cancel Canned Cycle

G81 - Drilling and Spot Drilling (Canned Cycle)

G82 - Drill with dwell (Canned Cycle)

G83 - Deep hole drilling (Canned Cycle)

G84 - Tapping (Canned Cycle)

G85 - Boring (Canned Cycle)

G89 - Boring with dwell (Canned Cycle)

G90 - Absolute Positioning Mode

G91 - Incremental Positioning Mode

G92 - Set Absolute Position

G93 - Inverse Time Feedrate Mode

G94 - Cancel Inverse Time Feedrate Mode

G98 - Initial Point Return

G99 - R Point Return

G117/G118/G119 - XY/ZX/YZ Plane Selection & Rotatio

G173,G174,G176,G181,G182,G183,G184,G185,G189
- Compound Canned Cycles

G180 - Cancel Canned Cycle
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How to unlock software features or unlock your Contol
The following are necessary to unlock softwaretfesd:

If you are at the "Demo mode expired" scretart st step 4.

Go to the Main screen of the Control software.

Pres$7 "Utility" and thenF8 "Option"

Pres$1 "Unlock Option”. (You may need to enter the passl — usually 137)
Next, type in the Unlock # and préSSTER.

Then, type in the Unlock Value and prESTER.

Repeat step 4, 5, and 6 for each new Unlock.

NoosrwpbE

M-Series Operator’s Manual 4/9/15
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Chapter 2

Operator Panel

AFQI-EDD ~CT =M

Fig 1 - M-Series Jog Panel

x1, x10, x100

The M-Series operator panel is a sealed membrayim&ed
that enables you to control various machine opanatand
functions. The panel contains momentary membrane
switches. The M-Series jog panel can be custorrazad
the location of various keys. The jog panel digethin the
figure above is representative of a default comgon
found on most M-series controls.

Axis Jog Buttons
X+ X- Y+Y- Z+Z- 4TH+ 4TH-

The yellow X, Y, Z, and 4TH keys are momentary sihs
for jogging each of the four axes of the machimbere are
two buttons for each axis (+/-). Only one axis barjogged
at a time.

* NOTE: The jog buttons will not operate if the My$es
CNC software is not running, or if a job (a CNC gmam) is
running.

>

—

Z==J Slow/Fast

Theslow/fast key is located in the center of the Axis Motion
Controls section and is labeled with the turtle eadubit

icon shown to the right. The turtle representsvgbgging
mode. When SLOW jog is selected (LED on) and a jog
button is pressed, the axis moves at the slowgtg rif

FAST jog is selected, the axis will move at thd fag rate.
See Chapter 14 for information on setting the &ast slow

jog rates for each axis.

Inc/Cont

INC/CONT selects between incremental and continuous
jogging. Pressing the key will toggle between éhego
modes. The LED is lit when INC is selected. Ifi€Djog

is selected and an axis jog button is pressedisewill
move continuously until the button is released.

Press any one of these keys to set the jog increameount. The amount you select is the distaneedmtrol will
move an axis if you make an incremental jog (x18010, x10=0.0010" and x100=0.0100"). You may sebdsty one
jog increment at a time, and the current jog in&etms indicated by the key that has a lit LED.eJdg increment
you select is for all axes; you cannot set sepdogtencrements for each axis. The jog incremésu aelects the
distance the control will move an axis for eachlchf the MPG handwheel.

M-Series Operator’'s Manual
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The MPG is housed in a separate hand-held unissRheMPG key to set the control jog to respond to the MR@ch
wheel, if equipped. When selected, the LED willdoe Select the Jog Increment and desired axiskamdy turn the
wheel. When the LED is not lit, the MPG is disab#ad the jog panel is on.

Single Block

TheSINGLE BLOCK key selects between auto and single block modeenteSINGLE BLOCK LED is on, the
single block mode has been enabled. Single Blon#levallows you to run a program line by line byssiegCYCLE
START after each block. While in block mode you can cedeito mode at any time. While in auto mode and a
program is running you cannot select single blockien Auto mode runs the loaded program &¢CLE START is
pressed. Auto mode is the default (LED off).

P

“ Cycle Start

When theCYCLE START button is pressed, the M-400/M-39 Control will irdiately begin processing the current
program at the beginning and will prompt you togsrtheCYCLE START button again to begin execution of the
program. After an MO, M1, M2, or M6 is encounteredhe program, the message “Pré¥CLE START to

continue” will be displayed on the screen, andhé00/M-39 Control will wait until you press tt@YCLE START
button before continuing program execution.

WARNING PressingCYCLE START will cause the M-Series Control to start moving th
axes immediately without further warning. Be certaat you are ready to start
the program when you press this button. Presti@gEED HOLD button or
theCYCLE CANCEL button will stop any movement@YCLE START is
pressed accidentally.

Feedrate Override

This knob controls the percentage of the programRestirate that you can use during feedrate cuttioges: lines,
arcs, canned cycles, etc. This percentage camive(® to 200%.

n CAUTION The Feerate Override knob will not work during tagpcycles (G74 and G84).

Feed Hold
Feed Hold decelerates motion of the current movémaea stop, pausing the job that is currently ragnPressing
CYCLE START will continue the movement from the stopped lcmati
CAUTION FEED HOLD is temporarily disabled during tapping cycles (Gl G84) and
automatic tool changes (M6).

Tool Check

PressTOOL CHECK while no program is running to move the Z-axiggdome position/G28 position. Press
TOOL CHECK while a program is running to abort the currentigning program. The control will stop normal
program movement, pull Z to its home position, ckldBM-functions, and automatically display theseee Job
Screen. From the Resume Job Screen, you can ct@oigettings (height offsets, diameter offsets,)eand resume
the job with the new tool settings.
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‘ Cycle Cancel

PressCYCLE CANCEL to abort the currently running program. The caolntvill stop movement immediately, clear
all M-functions, and return to the Main Screenis ltecommended that you prédSED HOLD first beforeCYCLE
CANCEL. If you pressCYCLE CANCEL, program execution will stop; if you wish to rastine program you must
rerun the entire program or use the search functBee search function operation in Chapter 3 @p@r 6.

Emergency Stop
EMERGENCY STOP releases the power to all the axes and cancetuthent job immediately upon being pressed.
EMERGENCY STOP also resets certain faults if the fault conditi@s been fixed or cleared.
n WARNING On some machines, vertical axes (such as Z andfonay start to move due to
gravity pulling it down when motor power is cut diwcEMERGENCY STOP
being pressed.

{
i) Spindle CW/CCW

TheSPINDLE CLOCKWISE /COUNTERCLOCKWISE keys determine the direction the spindle will tifrit is
started manually. If the spindle is started autizaly, the direction keys are ignored and thendfa@ runs according
to the program. The default direction is CW.

Spindle Speed +

Pressing this key will increase the spindle spaetid36 of the commanded speed in Auto spindle miadéed by the
maximum speed or 200% of commanded speed, whicleless. For manual spindle mode, the spindledjze
increased by 5% of the maximum spindle speed (tipgonaximum speed). The LED is on if the spirsgleed is set
above the 100% point.

.
Spindle Speed 100%

Pressing this key will set the spindle speed afld@®6 point, which is defined as the commandeddpeduto
spindle mode, or ¥ the maximum spindle speed inualamode. The LED will be on when the spindletitha 100%
point.

Spindle Speed -

Pressing this key will decrease the spindle spgelDBo of the commanded speed in Auto spindle miadéed to
10% of commanded speed. For manual spindle mbdespindle speed is decreased by 5% of the maxispimale
speed down to 5% of maximum. The LED is on if¢pandle speed is set below the 100% point.

Spindle (Auto/Man)

This key selects whether the spindle will operatdan program control (automatic) or under operedmtrol
(manual). When the LED is lit, the spindle is undetomatic control. If the LED is off, the spirds under manual
control. Pressing thBPINDLE (AUTO/MAN ) key will toggle it from AUTO to MAN and back agai The default
is AUTO mode.
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@ Spin Start

Press th&PIN START key when manual spindle mode is selected to ddugsspindle to start rotating. Pre3BIN
START when automatic mode is selected to restart thedhpif it has been paused widPIN STOP.

Spin Stop

Press th&PIN STOP key when manual spindle mode is selected to stegpindle. PresSPIN STOP when
automatic mode is selected to pause spindle rotatd can be restarted wHPIN START.
NOTICE SPIN STOPshould only be pressed duriRgED HOLD or when a program is NOT
running.

-
W) Coolant Auto/Manual

This key will toggle between automatic and manwaitiol of coolant. In automatic mode, M7 (Mist)da8 (Flood)
can be used in G-code programs to select the doylaato be enabled. In manual mode, flood cdaand mist
coolant are controlled by separate keys. Note:Mdwdtching from automatic to manual mode, botloddl@and mist
coolants are turned off automatically.

gl
fa Coolant Flood

In manual coolant control mode, flood coolant cartdpgled off and on by pressing this key. The LDbe on
when flood control is selected in either automaticnanual mode.

l:z& Coolant Mist

In manual coolant control mode, mist coolant camoggled off and on by pressing this key. The Ll be on
when mist control is selected in either automatimanual mode.

Auxiliary Function Keys (AUX1 — AUX12)

The M-Series jog panel has nine auxiliary keys, soffwhich may be defined by customized systems.

Notes about operator panels

The behavior of the control system in respons@édunctions listed above for the M-Series jog p@ndependent
upon optional software options, the PLC programgimee parameters, and hardware wiring of the systéms
possible that the functioning explained in thisptieadoes not apply to a particular control systerthat it may differ
in some aspects.
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Keyboard Jog Panel
The PC keyboard may be used as a jog panel. Rited3go display and enable the keyboard jog panel. jd@eanel
appears as shown below:

|

i INCR
A Crlt ';
5 u CONT
P X
| L
b L 4th+
L A HOME
£ R
c L
D 3
N 5
T N
- ; END
L o 4th=-
L
s

=X s
o SINGLE
BLOCK

ESC CulB Cerd T sme*l-:m ALT S

Some controls, such as coolant on/off, spindlefrfeedrate and spindle override will work withdbe “jog panel”
being displayed but for full functionality (and @igg) of the keyboard jog panel, the “jog panel’snbe displayed on
the screen. To enable keyboard jogging, param&@must be set to “1".

The status window in the upper right corner ofgbeeen displays the jogging mode (continuous/inergat),
incremental step size, and jog speed (fast/sldmwLontinuous mode, the jog keys start movementwiressed and
movement stops when you release the key. In inemégthmode, the axis will move the indicated inceetal step
amount.

As shown in the picture above, the jog keys aratkxt in the cursor key block to the right of thenreyboard and to
the left of the numeric keypad. If a jog key cotgran axis, it will be overlaid with the axis syohl§*X”, “Y”, etc.)
The jog keys are tharrow keys, PageUp, andPageDown.

The remaining keys are described below:

Legend Key(s) Function Description Availability (Ndes)
Alt S Cycle Start | Same as Cycle Start. Always, Vit
exceptions.
Esc Cycle Same as Cycle Cancel. During a job run;
@ Cancel otherwise, Esc is
' , used to exit menus.
KE - Space Feed Hold Turns Feed Hold on and off Always, witv
HOLD exceptions.
Alt J Start/Exit Invokes or exits the jog panel. Always, with few
Panel exceptions.
Ctrl F1 Aux 1 — Executes the corresponding Aux function apdlways, with few
AUX - Aux 12 signals the PLC. A custom PLC program is exceptions.
1 Ctrl F12 required to act upon jog panel signals.
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Legend Key(s) Function Description Availability (Ndes)
Ctrl M Toggle Auto| Toggles coolant mode between auto and | Always, with few
Coolant manual. exceptions.
CtrI N Turns on/off| Toggles Flood coolant if in manual mode Always,hifigw
Flood exceptions.
Ctrl K Turns on/off| Toggles Mist coolant if in manual mode Always, widw
Mist exceptions.
Feedrate Increase Increase feed rate override by 1% while held.  Jowep job run,
Override | Ctrl + feedrate graphing, and some
+ override other times
Feedrate Decrease Decrease feed rate override by 1% while held.  dogljob run,
Override Ctrl - feedrate graphing, and some
- override other times.
' Ctrl C Selects CW | Selects CW Spin dir in man mode Always, with few
{ Spin exceptions.
L CiC |
' Ctrl w Selects CW | Selects CCW Spin dir in man mode Always, with few
D Spin exceptions.
Cirl W
'w.m Ctrl A Toggle To'ggles betwe_en automatic and manual Always, with few
Spindle spindle operation. exceptions.
CtlA
MAN Auto/
Manual
1 Ctrl S Spin Start Starts spindle in selected dioadf in Always, with few
| manual mode exceptions.
Ctrl Q Spin Stop STOPS spindle regardless of auto or nhanu@dlways, with few
mode. exceptions.
' Ctrl > Spindle Increase the spindle override by 1% while | Always, with few
4 Override held. exceptions.
Ctrl = +1%
' Ctrl < Spindle Decrease the spindle override by 1% while| Always, with few
- Override - | held. exceptions.
Ctrl= 1%
Always, with few
TooL Ctrl T Tool Check | Performs a tool check. exceptions.
CHECK
i,;m_ Ctrl 1 Incremental/| Toggles incremental or continuous jog modeAvailable most times
curli Continuous that jogging is
CONT Jog available.
Selection
Ctrl B Selects Selects single block mode Always, with few
5'“‘;]31}5 Single exceptions.
P Block Mode
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Legend Key(s) Function Description Availability (Ndes)
' Delete Decrease | Decreases current jog increment to the next Always, with few
x1 Jog lower available increment exceptions.
DELETE increment
' Insert Increase Jog Increase current jog increment to the next | Always, with few
x100 Increment | higher available increment exceptions.
+ INSERT
Left X -Jog With on screen jog
X=- arrow panel displayed
-
Right X+ Jog With on screen jog
X+ Arrow panel displayed
-
Up Y+ Jog With on screen jog
Y+ Arrow panel displayed
-
l Down Y- Jog With on screen jog
Y- Arrow panel displayed
Page Up | Z+ Jog With on screen jog
Z+ panel displayed
PG UP
PG DN Page Z -Jog With on screen jog
- Down panel displayed

MDI and the Keyboard Jog Panel

Many of the keys used by the keyboard jog panehb® possible commands to MDI. To use the keybpay panel
functions in MDI, you must pregdt J. You may jog; use the handwheels, or any othgppnel function. Pregdt
J or Escto return to MDIL.

Keyboard Shortcut Keys

A computer style keyboard is supplied with mosteays. This keyboard can be used as a jog parned.kdyboard
jog panel has many “hot keys”. Hot keys are kégd tan be used at almost any time, with few exmept Some

menus may prohibit their use. The CNC softwarerhasy other hot keys in addition to the jog pane¢lkeys. The
hot keys are listed below.

Hot Keys

Hot Key Action

Ctrl A Spindle auto/manual

Ctrl N Flood coolant on/off*

Ctrl M Toggle Auto Man Coolant

ALT D Switch between current position and machiosition
CTRL D Switch DRO between position and distancgdo
CTRLK Mist coolant on/off*

ALT F Displays available system memory

ALT | PLC diagnostics
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Hot Key Action

ALT J Enables keyboard jogging*

ALT K Displays current ATC tool bin location

ALT M MDI

Ctrl T Tool check*

ALT P Live PID display

CTRL P Clear max and min error display

Ctrl C Spindle CW*

Ctrl W Spindle CCW*

Ctrl S Start Spindle*

Ctrl Q Stop Spindle

ALT S Cycle start

ALTT Displays current motor temperature estimates
ALTV Displays current software version #

ALT W MPG on/off*

ALT +/ALT - Selects next/previous WCS, cyclesahigh WCS 1-18**
ALT1-ALTO Selects WCS 1 — WCS 10**

ALT Tab Cycle through currently running applicatson

CTRL F1 - CTRL F12 Executes Aux function 1 — 12*

CTRLV Enables/disables Stall detection in PID Ggunfation***
CTRL | Creates plcstate.txt when PLC diagnosticiisplayed***
CTRL E Starts the PLC Debugger***

Notes:  * This is a keyboard jog panel function
** Not available during jobs or on jog panel.
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Chapter 3
CNC Software Main Screen

WCS #1 (G54) Current Position (Inches) Job Name: flange.cnc
X +O OOOO Tool: Ti H1
. Feedrate: 75% 0.1 ipm
Y O 0000‘ Spindle: 0 A
' . [304 mDI... ]
301 Stopped
4 +0.0000
- 307 Operator abort: job cancelled
, |304 MDI...
301 Stopped
Press CYCLE START to start job ‘
Dist to Go
X +0.0000
Y +0.0000
Z +0.0000
) . — Shut
Setup Load MDI Run CAM Edit Utility Graph Digitiz Down
Fi F2 F3 F4 FS5 F6 F7 F8 F9 F10

Menu Options:

F1 — Setup
F2 — Load
F3 — MDI

F4 — Run

F5 - CAM
F6 — Edit

F7 — Utility
F8 — Graph
F9 — Digitize

F10 — Shut down

M-Series Operator’'s

Used to set part zeroes, set or change tool offsetschange the control configuration.
Use this menu to load a job

The MDI menu allows you to a single line commandhsas: G1 X2 Y3 F20

Use the Run menu to search and run a job from @fspkne, resume a job after it has
been canceled or to change the way a job runs.

Use the CAM menu to program parts.
Brings up a G-code (text) editor that allows yowetit the currently loaded job.

View available software options, backup part andfigoiration files, create new
directories, and import/export files to and frontezral locations.

Graphs the toolpath of the currently loaded pasgpam.

Displayed only if the Digitizing option has beerrghiased. Used to Digitize (reverse
engineer) parts.

Power off control. Shutting down your machine withusing this menu may damage
your control.
4/9/15 3-1
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F1- Setup Menu

X
Y
Z

WCS #1 (G54)

Current Position {Inches)

+0.0000
+0.0000

Job Name: flange.cnc
Tool: T1 H1

Feedrate: 75% 0.1 ipm
Spindle: 0 A

304 MDI... |
301 Stopped
+0.0000 i
. 307 Operator abort: job cancelled
| 304 MDI...
301 Stopped
Press CYCLE START to start job ‘
Setup
CNC11 Mill v3.—

URL: /cncll/trunk
May 00 0000, 00:00:00
SYSTEM ID 0000000000

Part
F1

Feed | Zoff | Woff ATC  [Smocthing
etup

F2 F3 F4 F5 F6 F7 F8

Tool Config

Setup Menu:

F1 - Part

F2 —Tool

F3 — Config

F4 — Feed

F5 — 39 Axis Toggle

F6 — 4th Axis Toggle

F7 - ATC

F8 — Smoothing Setup

M-Series Operator’'s Manual

This key displays the Part Setup menus that>@kamed in Chapter 4.
This key displays the Tool Setup menus that aptagned in Chapter 5.
This key displays the Configuration menu thabiplained in Chapter 14.
This key displays the Feed menu that is discuss€thapter 6.

This key will only be displayed if machine paraerel30 is set. See Chapter 14
for configuration options.

This key will only be displayed if machine parasrel31 is set. See Chapter 14
for configuration options.

This key will only be displayed if machine paeter 6 is set to 1.0. It has the
same effect as the F7 - ATC key in the Tool meitusill prompt you for a tool
number and then perform the actions required fawdamatic tool change cycle.

This gives you acces to the Smoothing SetupuMemich provides a simplified
way of choosing parameters for the Smoothing mod8lee Chapter 14 under
“Smoothing Setup Menu”.
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F2- Load Job Menu

o« "N

$%

F1 — G code/ICN
F2 — Floppy/USB/LAN
F3 — Details

F4 — Show Recent
F5 — Date/Alpha

F6 — Edit
F7 - Help
F8 - Graph

F9 - Advanced
Page Up
PageDown
END

HOME

Arrow Keys

Allows the user to change which types of files displayed.
Select a different drive from which to load files.

Displays file details including: Programmer, Degtion and Date Modified.

Displays a list of the 15 most recently loaddakjo

Toggles the current view of files to be sortguhabetically or by date modified.
Opens selected file in editor.

Displays on screen help for the load screen.

Backplots (graphs) the selected file.

Displays a unified file and device browser simt@wWindows Explorer.

Move the cursor backward one page.

Move the cursor forward one page.

Select the last file in the list.

Select the first file in the list.

*Note: The path and/or file name may also be $eteby typing the path or path and file name. Adww
will open automatically when you begin typing.

M-Series Operator’'s Manual
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F3 —MDlI

MDI mode allows you to directly enter M and G-code® line at time. After entering the M and G-
codes you wish to run, press cycle start to hagetimtroller execute the command. When the comrhasd
finished executing the command, it will prompt yiou another line. When you are finished entering
commands, predsSC.

Examples:

Block? G92X0YO0 ; Set the current XY position0t®
Block? M92 /Z ; Move the Z to the positive itm
Block? M26 /Z ; Set the current Z position as Zn&o

F4 — Run Menu

»e 0 (* ) o 23 453 3 6.

) = .#### 7« 55 “##97#' s
/ - .#### 55 ##
0 T8 i Con

'Y )Y%/% 77 () =3

&

< (65 & 174 )5
C 5
(66)5
23 5
)* * (g6 )* *);
n H 0 / 3

Run job options:

F2 — Search You can resume a job by searching for the lioel, or a block number.

F3 — Repeat Toggles Job Repeat. Will repeat the current progrdnen a job is finished.
F4 — Block Skips Turns on and off block skips in part programs.

F5 — Single Block Program runs in single block mode when turned on.

F6 — Stops Turns on and off optional stops (MO1) in padgrams.

F8 — Graph Graphs tool path of currently loaded program

F9 — Rapid Turns on and off rapid override function

F10 — RTG Turns on and off Run Time Graphics

*Note: For more information on these options agke see chapter 6.
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F5 - CAM

% 0 Cr %) # 2(3 Name 53 6 .

, - e e
/ - B L
0 T H## AR

") %% 77 0 =B

432
84 €5 2
3% 6G73% %
2 62 3% %
2" 6* 2"

$% 3% 2 2"
" 1" m

Choosd-5-CAM to program parts. The default part programmirgiesy is Intercon. Intercon is a
conversational programming system that allows yoguickly and easily create a part program. lmerc
features many easy to use canned cycles for mashom machining operations such as: rectangular,
circular and irregular pockets, pockets with isksrablt hole circles, frames, thread milling oprerag and
much more. When you are finished programming y@ut in Intercon, exit to return to the M-Series
Control Main Screen and the posted Intercon progrdhbe automatically loaded and ready to run.r Fo
more information on Intercon, see chapter 10.

F1-ICN Intercon conversational program system

F2 — EngraveDXF engrave option (optional item part of DXF Impoallows you to import an entire DXF
drawing and engrave it onto a part.

F3 — Milwrite Millwrite Engraving software (optional item) allow®u to create engraving files to engrave
letters, numbers, and symbols on your parts.

F4 — Manual Allows you to access the operator manual on théragbn
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F6 — Edit

This key causes the control to load the currenintd a text editor for viewing and/or editing.

When editing, care must be taken to save the fiiteta quit and exit the text editor before runniihg file
(the current job). Modifying a file that is curtBnrunning as the current job is dangerous antcalise
unexpected results. It is best practice to ndtady files while the machine is moving.

n WARNING Editing a file (modifying and savingyhile the machine is movingcan cause

personal injury or machine damage.

Also, note that the C:\CNCM directory contains foguration files and binary data. DO NOT edit thes
files. Doing so can cause loss of data and sernmlfinctions.

WARNING Do not edit configuration data located in the C:@Midirectory. Doing so can
cause personal injury or machine damage.

F7 — Utility

From the utility menu you can view available softevaptions, perform diagnostics, backup part and
configuration files, create new directories andamir export files to and from external locatioror
further information please see chapter 7.

F2 — Restore Report Update your control’s configuration withreport.zipfile.
F3 — Backup Files  Backup your CNC and ICN files
F4 — Restore Files Restore your CNC and ICN files

F5 — File Ops Use this menu to perform file and directory opierss.

F6 — User Maint Perform user maintenance.

F7 — Create Report Generates a backup of system configuration filledeeport.zip.

F8 — Options Shows the software options that you have purchasadded to your control.
F9 — Logs Shows the messages and errors that have been Ibggled control.
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F8 — Graph

This function plots the tool path of the currendgmam loaded. Canned drilling cycles are shown in
gray. Rapid traverse movements are shown in Fegdrate movements are shown in yellow and cutter
compensated moves are in gray.

Viewr!

F1-2D/3D

TOR

T=0d:07:12 Graphing Done Job Hame: flange.icn

St Time

Zoom Toom Soam
B R - ot < £oq
Range Estim draw P

"""" In Out All

Press this key to view your part isometrically (3[3n axis pointer indicates the current
direction of the view. To return back to the tiapar view, press F1 again.

F2 — View/Rotate Press this key to change the planar view of your pehe view is indicated by TOP,

F3 — Range
F4 — Time

F5 — Redraw
F6 — Pan

F7 - Zoom In
F8 - Zoom Out
F9 - Zoom All

RIGHT, or FRONT shown at the top of the screen3InMode, use this key in 3D
mode to rotate your part, using the keyboard akeys to rotate any in direction.

Press this key to set the range of line numbebdamk numbers to graph.

Press this key to estimate the time needed toecpeat. It takes into account
accelerations and decelerations, but neglectstaoige times.

Press this key to redraw the part at any time.

Press this key to move the part around the scr@ete pressed, use the crosshairs to
pick a location of the part that will redraw at ttenter of the screen. Once a section is
selected, press F6 again to continue panning.

Press these keys to zoom into the part relatitbaa@enter of the screen.

Press these keys to zoom away from the part rel&divhe center of the screen.

Press this key to view the entire part fit inside screen.

*Note: Use the FEEDRATE OVERRIDE knob to contio¢ tspeed of the graphing. To pause the tool patt
turn the knob counter-clockwise until it stops. rifthe knob clockwise to resume drawing. On the
offline demo software, the simulated FEEDRATE O\RHRE knob is controlled by pressing
either Ctrl + or Ctrl —,
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Accelerated Graphics Backplot

Accelerated Graphics Backplot is a new tool pa#pgics display that takes advantage of the latest
video graphics technology. This option is enalligdetting Parameter 260 to 1 (See Chapter 1afel)
Accelerated Graphics Backplot, the operation ofuber interface is slightly different from the réayu
Graphing described above.

View: 3-D T=00:46:27 Job Name: mustang.cnc

Pan/ View Set Dimension Redraw Hel Zoom Zoom Zoom Show
Rotate Range Menu P In Out All Tools
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

F1 - Pan/Rotate Press this key to change the behavior of the keyba@ow keys. Normally, they will
pan (scroll) around the drawing, but after pressimg key the arrow keys will control
rotation instead. When in rotation mode, an axasdator is drawn to mark the center
of rotation.

F2 - View Press this key to change the planar view of your pehe view is indicated by TOP,
RIGHT, or FRONT shown at the top of the screen.

F3 - Set Range Press this key to select which lines of G-codeigpldy. Only lines that fall within
the range you specify will be drawn.
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F4 - Dimension Menu Press this key to access the following sub-me&mptions:

F1 — Prev Line: Press this to walk forward to the next G-code &nd graphically
highlight it. If this G-code line contains moventethe Start and End points will be
displayed at the bottom of the screen.

F2 — Next Line: Press this to walk backward to the previous G-dwdeand
graphically highlight it. If this G-code line caihs movement, the Start and End
points will be displayed at the bottom of the soree

F3 — Go To Line: Press this key to graphically highlight a partesub-code line
whose line number you specify. If this G-code looatains movement, the Start and
End points will be displayed.

F4 — Measure:Use this feature to measure between any 2 selpoiats. To do this,
use a mouse to move the pointer over the firstt@md then presds4 — Measureto
anchor the first point. Then use the mouse to ntlbggointer to the second point.
As you move the mouse towards the second pointyibmotice an Offset and
Measurement display changing dynamically as youaribe mouse. Also you may
notice some “snap to” effects as you move the poidbse to start and end points of
entities that make up your program.

F5 - Redraw Press this key to redraw the part slowly, which loamuseful for visualizing the
movements the machine will make. While the dispddyeing redrawn, you can use
the feedrate override knob to adjust the rate attwih is being drawn. If you don't
have a feedrate override knob, the + and - keydearsed to adjust the rate. Pressing
F5 again will cancel this mode.

F6 - Hide Rapids  Press this key to hide rapid movements. Pregmihdo show them.

F7 - Zoom In Press these keys to zoom into the part relatitha@enter of the screen.
F8 - Zoom Out Press these keys to zoom away from the part rel&bithe center of the screen.
F9 - Zoom All Press this key to fit the entire part inside theso.

F10 - Show Tools Press this key to show the tools menu, which allgeesto highlight movements of
certain tools. Press this key again to hide théstmenu.

Spacebar - MeasurePress this key to take a measurement between timtspdn a 2D view, this
measurement will be a 2D measurement. In a 3D ,vtewmill be a 3D measurement
(and the measurement will only be valid if the stwaErs are snapped to a line of the
tool path).

*Note: If you have a mouse or touch screen adddb your device, you can use that to control the
graphing window. Holding the left mouse buttoroal$ you to drag the part across the screen, winde t
right mouse button controls rotation of the p&pinning the mouse wheel (or holding both left agtt
buttons) zooms in and out. Double clicking onedfate movement will center the camera on that
movement (which is very useful) and also tells ffoailength of that movement. For touchscreen dipera
use the F1 key to switch between Pan and Rotatesnod
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F9 — Digitize

Use this to bring up the Digitize screen. Thisesa allows you to set up and run touch probe
digitizing. See Chapter 8 for a detailed desaiptf the digitizing operation.

F10 — Shutdown

Use to enter the Shutdown menu. This menu allowsty park the machine, power off the control,
start a command window or exit CNC software.

F1 — Park Use this to park the machine at the end of thefdiaguicker machine homing at
startup. Once F10- Park is selected, The CYCLE ST A& must be press to start
machine movement. The park feature homes eachaiiise maximum rate, to % of
a motor revolution from its home position.

F2 — Poweroff Use this to properly shutdown the control. With tnamntrols, this action turns off
the control once the system has prepared itsélétshutdown. Just like a desktop
computer, the control should be properly shutdoefote turning off the power in
order to reduce the risk of corrupting data onttael drive. This will only turn off
the control. The machine itself will still needlde manually turned off.

F6 — System Prompt This brings up the command line interface. Typedtmmand exit to exit the
command window.

F9 — Exit CNC11 Use this to exit the CNC control software.
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Chapter 4
Part Setup
(F1 from Setup)

WCS #1 (G54) Current Position (Inches) Job Name: flange.cnc
Tool: T2 H2
- . 5 Feedrate: 106% 0.0 ipm
Spindle: 0.0 A
- 335 Emergency stop released

Set Part 0/Position

1) Select Axis with F1

2) Jog to Touch Off on Part
3) Edit the Value if Necessary
4) Press F10 to Set Position

Axis Part Edge Finder Approach
Position Diameter From
X 0.0000] 0.0000 Left (-)
WCS #1 (G54)
Next Prev Next WCs
Axis Auto | Probe | \wes | wes | SR | Table Set
F1 F4 F5 F6 F7 F8 F9 F10

The Part Setup menu is used to set the part positithe coordinate system origin for the part.

F1 — Next Axis Will toggle to the next axis. If changes wered@&o the current axis, but not yet accepted, they
will be discarded.

F4 — Auto Uses probe to automatically measure and seppaition. Make sure your probe height and diamete
offsets are set for the tool number you assignéddgrobe and that parameter 12 is set to that too
number. See Chapter 9 for more details.

F5 — Probe Will open the probing operations menu. See @hdpfor details.

F6 — Prev WCS Will select the previous work coordinate. Thosition being set will only affect the currently
selected work coordinate.

F7 — Next WCS will select the next work coordinate. The pasitbeing set will only affect the currently selette
work coordinate.

F8 — CSR Will open the CSR menu, which can be used toraatically detect coordinate system rotation. This
function key appears only when the software optisrCoordinate System Rotation is unlocked.

F9 — WCS Table Will open the Work Coordinate System (WCS) Cgufation screen. See the Work Coordinate
System Configuration section later in this chafieia complete description.

F10 — Set Will accept the position for the current axisfrecting for edge finder diameter based on thecgmgh
direction if appropriate. It will not automaticaldvance to the next axis.

M-Series Operator’'s Manual 4/9/15 1



Operation Description
Setting the part position establishes a coordisgdéem with an origin at the part zero.
TheF1 - Next Axisoption selects the axis to be defined next. Tibid toggles between axis X, Y, Z"dand %'
Axes. For each axis you will see a graphic desoriptf the parameters to be entered, as well asdiresponding

fields.

Setting up X or Y AXIS

Set Part Position

1) Select Axis with F1

2) Jog to Touch Off on Part
3) Edit the Value if Necessary
4) Press F10 to Set Position

i T

Axis Part Edge Finder Approach
Position Diameter from
X 0.0000 0.0000 Left (-)

Part Position:enter the value of your part zero position ordffeet.

Edge Finder Diameteenter the diameter of the tool, or edge finder griusing to determine the part zero. The
value entered is stored.

Approach FromToggle the direction the edge finder or probepigraaching the part.

*Note — Use the arrow keys to toggle between Pasit®n, Edge Finder Diameter, and Approach Frotoop.

Setting up the Z AXIS Set Part Position

1) Select Axis with F1

2) Jog to Touch Off on Part
3) Edit the Value if Necessary
4) Press F10 to Set Position

AXis Part Tool

Position Number
Z 0.0000 0

Part Position:enter the value of your part zero position ordffeet.
Tool Number: enter the tool number from the Tool Library tbatresponds to the tool being used. When the Tool

Number field is set to a value other than zeroctir@roller uses the Height Offset for that todnfr the Tool
Library to calculate the actual position.
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Example 1 (You are using the reference tool to fitlte Z-axis part zero):
Set Tool Number to O: setting the Tool Numberemzells the controller that you are using themefice tool.

Example 2 (You are using a tool other than the regace tool, and not a ball nose cutter):
Set Tool Number to a number tool that is assigndtie tool library (make sure its height offsetes).

Example 3 (You are using a ball nose cutter, otltban the reference tool):
Set Part Position to the position of the surfaces phe nose radius of the ball nose cutter, set Nomber to the
number this tool is assigned in the tool library.

The Tool and Offset libraries must be up to dafereesetting the Z-axis Part Zero.

Setting up the 4" or 5" AXIS***

Set Part 0/Position

1) Select Axis with F1

2) Jog to Touch Off on Part
3) Edit the Value if Necessary
4) Press F10 to Set Position

Axis Part Standoff Approach
Position Distance From
A 0.0000 0.0000 0

Position: enter the value of your part zero position er ¢fffset.

Standoff Distancethis field is a generic parameter. Its physicabming will depend on the specific nature of your
machine's fourth axis. It is the distance betwtbercenter of the tool and the point at which g ts touching the
part surface.

Approach fromenter the direction the edge finder is approacttiegpart from. Enter the correct direction given
the nature of your 4th-Axis.

Using Multiple Work Coordinate Systems

If you will be using multiple work coordinates, yowst set the part position separately for eactk woordinate.
Follow the instructions above to set the positimngach axis in the first coordinate system. Themerto the next
fixture and pres&6 — Prev WCSto select the previous work coordinatd=@r— Next WCSto select the next work
coordinate. The currently selected coordinateesyss displayed below the axis picture on the Battip screen.

It is also displayed above the DRO at all timesr & description on setting up each work coordinsge the Work
Coordinate System Configuration section later ia t¢hapter.

NOTICE  This procedure does NOT apply to tilt table setup.

M-Series Operator’'s Manual 4/9/15 3



Part Setup Examples

Example 1: Setting the X-axis Part Zero with nofsét (See diagram below)

Edge Finder
\ P .25" diameter

0.125"

% Desired X-axis Origin

If you wanted the left edge of the part to be thigio for the X-axis:

1. Move the Edge Finder to the left edge of the par
2. Pres$1 — Next Axisuntil the Axis label displays X'
3. Move the cursor to the Edge Finder Diametedfiel
4. Type .25 and pre&NTER

5. PresSPACE until Left (-) is displayed

6. Pres$-10 - Setto accept the values

AXis Part Edge Finder Approach
Position Diameter From
X 0 0.25 Left (-)

Since no offset is being applied, Position is zéFbe Edge Finder is approaching the part fromXhdirection
and has a diameter of .25 inches. Once this daatered anB10 - Setis pressed, the X-axis DRO display will
read -0.125. This means the center of the EdggeFis sitting to the left (minus) of the part by 25 inches (half
of the Edge Finder Diameter).

This value is computed by: Position (Approach fydtdge Finder Diameter / 2.

Where (Approach from) is the sign of the approacction. In other words, if the approach direntis minus,
then the value is: Position - Edge Finder Diaméger 0.0 - .25/2 = -0.125
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Example 2: X-Axis origin offset into part 1 inch.

Example 2° X-Axis origin offset into part 1 inch.

Z

X
Edge Finder

ASg .25" diameter

—> |e——o0.125"

. & 1" —><—Desired X-axis Origin

If you wanted the origin offset 1 inch into thatpa

1. Move the Edge Finder to the left edge of the par

2. Pres$1 — Next Axisuntil the axis field displays 'X'

3. Move the cursor to the Part Position field

4. Type -1 and pre€ESNTER

5. Type .25 and pre&SNTER

6. PresSPACE until Left (-) is displayed

7. Pres$-10 - Setto accept the value

AXis Part Edge Finder Approach
Position Diameter from

X -1 0.25 Left (-)

The Position value is relative to the current posibf the Edge Finder. Part position equals sin@e the Edge
Finder is positioned 1 inch to the left (minus diren) of where you want the X-axis origin.

Another way to view the Part Position value is $ewame the origin is already set at 1 inch intopidue. In this
case, the Edge Finder would have to move -1 infrbeswhere the origin is to get to the left edgela part.

The Edge Finder is approaching the part from thdir¥ction and has a diameter of .25 inches. (misadata is
entered ané10 - Setis pressed, the X-axis DRO display will read -5.172his means the center of the Edge
Finder is sitting to the left (minus) of the oridiy 1.125 inches. The X-axis origin is now 1 incto the part.

This value is computed by: Position (Approach fydtdge Finder Diameter / 2.

Where (Approach from) is the sign of the approackation. In other words, if the approach direntis minus,
then the value is:

Position - Edge Finder Diameter /2 =-1.0 - .25+ -1.125
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Work Coordinate Systems (WCS) Configuration

Presd=9 — WCS Tablefrom the Part Setup screen to display the Workr@ioates System (WCS) menu. The
Work Coordinate Systems screen provides accesfdmence return points, coordinate system origind,work
envelope. Make sure your Home position has begorsperly. Otherwise, the positions of each cowtk
system will not be in the appropriate position.

When you enter the Work Coordinate System Configumescreen, the DRO display will automatically i
over to machine coordinates as an aid to enteringoers. All the values on this screen are reptedén machine
coordinates.

F1 - Reference Return Points Press this key access the menu that sets therregereturn points for the
machine.

Axis Return Return Return Return
#1 (G28) #2 (G30) #3 (G30 P3) #4 (G30 P4)
X 0.0000 0.0000 0.2757
Y 0.0000 0.0000 0.0000 -11.0000
z -0.5186 -0.5186 -0.5186 -0.5186
A 0.0000 0.0000 0.0000 23.7998
B -60.8735 -60.8735 -60.8735 -60.8735
N 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000
N 0.0000 0.0000 0.0000 0.0000

The reference return points are used with the G28280 codes (see Chapter 12). They are spedaifiedchine
coordinates. The Z coordinate of the first refeeepoint is also used as a Z home position by tBeMW6, and
M25 codes (see Chapter 13).

F2 — Origin Use this key to access the menu for specifyindabations (in machine coordinates) of the origins
for all 18 work coordinate systems. Presdiig- Next Tablewill allow you to view the other WCS (6
per page). This menu is a convenience and is nabsolute necessity for setting work coordinatéesys
origins nor the CSR angles.

Axis WCS #1 (G54) WCS #2 (G55) WCS #3 (G56) WCS #4 (G57) WCS #5 (G58) WCS #6 (G59)
(] 0.00000] 38.13724 4.39686 0.00000 0.00000 0.00000
Y 0.00000 -16.33026 -13.80487 0.00000 0.00000 0.00000
Z -10.00002 -26.98955 -21.76537 0.00000 0.00000 0.00000
A 0.00000 23.80869 23.80869 23.80869 23.80869 23.80869
B 0.00000 -60.87353 -60.87353 -60.87353 -60.87353 -60.87353
N 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
N 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
N 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

(oprfona!){ CSR  -0.12340000° 0.00000000° 0.00000000° 0.00000000° 0.00000000° 0.00000000°
TWCS Yes No No No No No

All coordinate systems are relative to Home posithmat is set during control power up. Note thhtlevin this
screen, the DRO shows the actual machine posiiative to Home, not the location relative to th€®/origin.

If the software option Coordinate System Rotat®arilocked, the CSR angle for each of the coordiggstems
can also be set. (This is an optional feature.)

For machines configured as an Articulated Heacdesystith the TWCS feature enabled (set via Parat@6), the
TWCS=Yes/No differentiates which WCS’s are transfed or not. See Transformed WCS later in this teap
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F3 — Work Envelope Use theg=3 — Work Envel key to specify the ‘+" and *-‘work envelope loaatis (in
machine coordinates) used in conjunction with t22 G code. The X, Y, Z and |, J, K parameters

specified in the G22 G code are stored here, sgesuient G22 codes do not need to specify the limits
unless they change.

T

wWork Envelope

(5 Foiader e

Note: The work envelope will only work in programeneoves. You will still be able to jog outside terk
envelope.

Coordinate System Rotation (CSR)

Coordinate System Rotation saves you time whemgatp your part. Rather than clamping your pad an
indicating the edge of the material to square ihvlie machine axes, you can use CSR to autonigtiothte the

coordinate system to the angle of the part or fexthat was probed. This allows you to compensatdifferent
orientations.

Simply clamp your part, and then probe two poihta@ either the X or Y-axis of the material usihg process
described below.

WCS #1 (G54) Current Position (Inches) Job Name: 2axtst05.cnc

Tool: T3 H---

X +4. 001 8 Feedrate: 100%
Spindle: 0 A

Y 0.0008 ...... ‘
301 Stopped
304 MDI...

- . 307 Operator abort: job cancelled

304 MDI...

Coordinate System Rotation

. Select orientation with F1

. Position probe at one end of vise jaw

. Enter distance to other end of jaw

. Enter Z clearance amount (incr. from start)

. Select automatic or manual move to other end
. Press CYCLE START to start

I~
?li
onsWwN =

Distance: 1.0000
WCS #1 (G54) Clearance Amount: 0.5000
Movement Between Points: Auto
. Zero Zero Prev Next WCS
Orient ‘ Manual cur Al “ Probe WECS WCS “ MDI ‘ Table
F1 F2 F3 F4 F5 F6 F7 F8 F9
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F1 - Orient is used to select the orientation for the CSR omegsent. There are four possible orientationsciwvhi
are: from the front (pictured above), the backl #re left and right sides.

F2 - Manual is used to determine the CSR angle without prabifige user jogs an edge finder to two positions
along one wall. These positions will be used fanpating the CSR angle.

F3 - Zero Cur is used to set the CSR angle for the current WC2o.

F4 - Zero All is used to set all CSR angles to zero.

F5 — Probe Will open the probing operations menu. See @hdpfor details.

F6 - Prev WCSandF7 - Next WCSare used to cycle through the available WCS system

F8 —MDI The MDI menu allows you to a single line commandhsas: G1 X2 Y3 F20

F9 - WCS Tableis a shortcut to the Work Coordinate System Camfitjon Screen described above.

The instructions on how to perform a CSR measuréerennumbered on the screen.

Distance: The distance the X-axis (in front or back ori¢iot® or Y-axis (in right or left side orientatiomjll

move to probe the second point. If the distancegative, the axis will be moved in the negativedion.
Clearance AmountThe distance the Z-axis will be moved upward wheving between the first probe point and
the second probe point. The clearance move wiyl be made when using the “Auto” option of the Mment
between Points.

Movement between Pointsin be toggled between Jog and Auto modes. |o Aide, the clearing moves are
made automatically as well as the move to the sképoint. In Jog mode, a prompt will be displayedhia center

of the screen after the first point is probed.

Transformed WCS (TWCS=Yes)

This section only applies to Articulated Head maekiwith the TWCS feature enabled via Parametel <6
Chapter 14 for more information on setting Param&®€). On such a machine, when a WCS has ageitin
TWCS=Yes, this is then called a transformed WC®r@bated as TWCS).

When a TWCS is selected, the DRO will show axidtimss based on the TWCS's frame of referenceotier
words, the shown positions are transformed basehepposition of the B axis {Saxis). Furthermore, the WCS
label will be shown as “TWCS” to indicate that tharently selected WCS is indeed transformed.

|T'."-.fC5 #1 (G54) Current Position {Inches) Job Mame: bptest.cnc
Toal: T1Q H--- Program #0
X +0.0000 _ o9
Feedrate: 100% 0.0 ipm Part Cnt: O

Also, when the Probing Cycles are run with a TWEB&ed, the results shown will be based on the Bvif@me
of reference.

Ordinary 3 axis moves types performed while runrdr@NC program with a TWCS selected will be autacay
transformed. Such move types include:

GO, G1, G2, G3

Protected move probing functions M115, M116, M1Z2326

Canned Cycles G73, G74, G76, G81, G82, G83, 88, G89

M25

Moves that involve CSR and Cutter Compensation

However, moves that wiliot be transformed are:
Homing moves M91/M92
Move to switch M105/M106
Move axis by counts M128
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Chapter 5
Tool Setup
(from Main Screen: F1 Setup F2 Tool)

Tool Setup allows you to specify information abthé tools you will be using.
Presd-1 - Offset Library , to edit the Height Offset and Diameter (H andvBlues, or
Presd=2 - Tool Library to edit the tool descriptions., or

Presd=3 - Tool Life to edit the Tool Life Management settings.

Offset Library
(from Main Screen: F1 Setup F2 Tool F1 Offset Lib)

The Offset Library file contains the values for theight Offset and Diameter Numbers. For examipkntry
HO1 has a value of -.25, a height offset of -.2&@plied when height offset 01 is referenced.ntfyeD01 shows a
value of 1.5, the diameter offset 01 has a dian@tér5 associated with it.

WCS #1 (G54)  Current Position (Inches) Job Name: flange.cnc

X #6.2140 S X o
Y +0.0000 ™™ L ™
Z +0.0000

Tool Geometry Offset Library

Height Offset Diameter
Hool  -1.1234 Do01 0.1250
HOO2  -1.3562 DO02 0.2500
HOO3  0.0000 Do03 0.5000
Hoo4 DO04 0.3750
HOO5  -3.1749 DO05 0.6750
HOO6  0.0000 DO06 0.0000
HOO7 0.0000 Doo? 0.0000
HOO8 0.0000 DO0s 0.0000 == Dia [dm
Height HOO9  0.0000 Doog 0.0000
; Offset HO1D  0.0000 DOo10 0.0000
Pos *
Z Ref:  0.0000
zRef [ Manual | Aute |opop | ooy | -.o001 ATC Save

Measure | Measure
Fl F2 F3 F4 F3 Fo F7 Fi0

Presd=1 — Z Refto set the Z reference height. PrEgs Manual to manually measure tools. If you purchased the

Automatic Tool Measurement (TT1) option, pr&&s- Auto to automatically measure tool lengths. Piss
+.0010rF6 - -.001to adjust the selected offset. If you have aonmaatic tool changer installed, prédsg- ATC to
change tools. Pre$dl0 - Saveto save changes and exit,E8C to exit without saving changes. If you have both
purchased the Automatic Tool Measurement (TT1)oopénd also have an automatic tool changer indtathen
you can presB4 - Auto to perform batch tool measuring, by entering tedfsnultiple tool numbers.

You can inspect and change any of the 200 Heiglse®(H) values, and any of the 200 Diameter (Dyies In
most cases you will use the automatic tool lengtasarement features described below to set H yanedsyou
will enter D values manually, based on the knowmeasured diameters of your tools.

Note that HO1 and D01, HO2 and D02, HO3 and DGS3,at displayed together on the same line for eoience
only. The Height and Diameter Offset Numbers camsed independently; associations are made otiheiool
Library.
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Height Offset
This is the distance the control adjusts Z-axistjpes when tool length compensation (G43 or G44)sed with a

particular H value. For example, if HOO1 is -1r@dhe job contains G43 H1, then the CNC softwalkeshift all
Z-axis positions down 1.0 to compensate for thetehtool.

To edit the Height Offset entries move to the aabshieight offset number with the arrow kelgageUp, Page
Down, HOME, andEND. You can choose to manually edit or automaticalasure the value.

Height Offsets values are measured using the ZrRede position. The Z Reference position is thexiz-position
when the tip of the reference tool is touchingwleek surface. The reference tool should alwaythkbdongest
tool.

The Height Offset value for end mills and drillghe difference between the Z-axis position whentif of the
tool is touching the work surface and the Z Refeegposition. The Height offset value for ball nasel bull nose
cutters is the difference between the Z-axis pmsitvthen the center of the tool is at the work sigfand the Z
reference position. Because it is not possibjeosition the tool in this way, you must instead mdive tip of the
tool to the work surface, and then manually edit\whlue to subtract the tool nose radius.

To manually edit a Height Offset value, simply type desired value and prdésSSTER.
To manually measure Height Offset values, usedheviing procedure:

Establishing the Z reference position

Presd=1 — Z Refto select the Z Reference setting function.

Insert the longest tool into the tool holder (yaun aise the jog keys or the TOOL CHECK key to agsig).
Jog the tip of the tool down to the top of the weukface.

Pres$=10 - Saveto save this Z Position as the Reference Position.

Measuring each tool height (Z position for tool mims Z position for Reference tool)

Insert the desired tool into the tool holder (Jegkor the TOOL CHECK key can be used to assist you

Jog the tip of the tool down to the top of the weukface.

If the tool is a drill or end mill, preds2 —Manual Measureto measure the height.

If the tool is a ball nose or bull nose cutter,gsfe2 — Manual Measureto measure the height, and then subtract
the tool nose radius.

After a tool height is measured, the next HeigHs€ifentry is automatically selected.

When the edit is complete, prdss0 - Saveto save the Offset Library and Exit.

Examples (assuming Z Reference = -1.5):

If the tool position is -1.75, then the tool heigi0.25

If the tool position is -1.75 and nose radius & then the tool height = -0.50

If the tool position is -2.25, then the tool heigtt0.75

If the tool position is -2.75 and nose radius 25,1then the tool height = -1.375

Diameter

This field tells the control the distance to adjwbien cutter diameter compensation (G41 or G4a%ésl with a
particular D value. For example, if DOO1 is 0.%l&he job contains G41 D1, the CNC software wijuadall X-Y
positions 0.25 (half the tool diameter) to the t#fthe programmed tool path.

To edit the Diameter entries move to the desiradthdier offset number with the arrow kelpageUp,
PageDown, HOME , andEND. You must manually edit the Diameter Offset valdgpe the desired value and
then press thENTER key.

You can make small adjustments to Height Offsets@iameters using5 - +.001andF6 - -.001 Use the arrow
keys to highlight the value to be adjusted. PFdss+.001to increase the offset value by 0.001" (or 0.02 imm
Metric mode). Preds6 - -.001to decrease the offset by the same amount. KBuhparts are undersized, -
+.001to cut less material. If the cut parts are owexdi usd=6 - -.001to cut more material.
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Automatic Tool Measurement

Z-minus single-surface probing, using the TT-1 timoich-off post, is
available in the Tool Offset Library.

First Time Setup

Make sure the proper parameters are set as peteCl®apnd Chapter 14,
and the detector is plugged in and is at the cbloeation on the table!
When first testing the TT-1, hold the TT-1 in haarti manually touch

the unit to the tool to confirm correct electricahnection and parameter Tool
setup.
TT-1
WARNING Incorrect setup may cause damage to the Tool —>
A machine, tool and/or cause injury to the Touch-Off
operator. Block

Setting the Z Reference:

Using the longest tool for the job to be run or designated reference tool, pré€4s Z Ref, thenF3 and then
CYCLE START. The Z-axis will then move down until the toouitth-off is detected. The Z reference will be set
at that position. Parameter 3 bit 1 is used t@Zgseference to Z home position. See the parametzios in

Chapter 14 for more info.

Setting the Tool Height Offsets:

Pressindg-3 — Auto Measureand therCYCLE START at the prompt will cause the Z-axis to move dowtilu
the tool touch-off is detected; the resulting teolgth will be entered in the table (same as Wizh Manual). The
Z-axis then returns to its home position.

If Parameter 17 has been set to the number oficinestirn point (1 or 2), thE3 — Auto Measureoption will
move the X and Y axes to that return point befoowimg Z down. Return point 1 is the G28 positioonfi the
Work Coordinate System Configuration screen (sesp@h 4). Return point 2 is the G30 position ort ftaeen.
If Parameter 17 is zero (0), the X and Y-axes moll move before Z moves down. In this case yout ioesareful
to jog the machine directly over the detector befmessindg-3 — Auto Measure

Note: SHIFT +F3 can be used to override any return point moverimecases where parameter 17 is set to use it.
This is helpful for measuring tools wherein theghtimeasurement is not taken from the center pditite tool.

Batch Tool Height Offset Measurement Process:

If you have both purchased the Automatic Tool Measent (TT1) option and also have an automaticebahger
installed, then you can preBS4 - Batchto measure multiple tools in one process. AftespingF4 - Batch you
will be prompted with the following dialogue box:

Enter the list of tools to measure.
Example: 1-4,6, 15

—> B

After entering a list of tool numbers, you can Bté¥CLE START to perform the batch tool measurement
process. This process is similar to the singléhedht offset measurement (accessed=da- Auto Measurg but
will do multiple tools in one shot.
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Setting up Tool Height Offsets

NOTICE Before manually jogging any probe to a positionkengure the machine Feedrate is turned
down (less than 10 in/min) or damage to the probg result!!!

Using a Probe as the Reference Tool

Before you set the Z Reference, make sure the probk# is entered into Parameter 12 on the Machine
Parameters screen. Make sure that Parameter Tz dheichine Parameters screen contains a 0. Fallese steps
to probe Z Reference:

1. Load the probe into the machine.
2. Jog the probe over the desired reference susiad@ressl — Z Ret
3. Pres$-3 and therCYCLE START; the probe will find the Z Reference.

At this point, the Z Reference is now entered the Offset Library and is the reference heightdibother tools.
Remove the probe and measure any other tool offs@tsially as described earlier in this chapter.

Measuring Each Tool Offset Using a Fixed Detector

Before measuring any tool height, make sure yoardght probe or reference tool-measuring locatida.this by
entering a reference point number (1 or 2) intaPeter 17 and entering the detector position asdiresponding
Reference Return Point on the WCS Configuratiorestr Otherwise, the machine may traverse to d@idoctnat
could damage the probe or reference tool. Alseersber that if Parameter 17 is zero (0), the X arak&s will
not move before Z moves down. Also be sure thamater 44 is set correctly. This is the input nanfbr the
TT1. Now that a permanent location has been sdaheléollowing:

Load reference tool (preferably the longest tool) highlight its corresponding Height Offset # wggsthe up or

down arrow keys.

Presd=1 — Z Ref thenF3 — Auto Measureand therCYCLE START to set the Z reference using this tool. The X
and Y-axes will traverse to the preset locatiom, #ren Z will move down until the tool is detectead the Z
reference will be set.

Load the next tool.

Highlight the desired Height Offset # on screemgshe up or down arrow keys.

Presd=3 — Auto Measureand therCYCLE START. The X and Y-axes will traverse to the preseatmn, and
then Z will move down until the tool is detecte@nce the detector is triggered, the tool offset sfibw on the
screen. A negative offset means the tool is shiréen the reference tool.

Once all of the tool offsets have been measurexspd0 - Saveto save them. Otherwise, prdsSCto cancel any
changes.
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Tool Library
(from Main Screen: F1 Setup F2 Tool F1 Tool Lib)
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The definitions in the Tool Library associate téb) numbers with height offset (H) and diameter (iDjnbers, the
default coolant type, spindle direction, and spnsjpeed for the tool, and a text description otdleé This
information is used by the Intercon-programmingkaae (described in Chapter 10) to provide defawiftenever a
tool change is selected. For enhanced ATC feattlregT) numbers are also associated with bin mumbSee
Chapter 14 for more information about enhanced AG&@ures (parameter 160).

Note: If enhanced ATC features are not on, theaucannot be moved into the bin column and thesaws“Bin
fields are locked.” will appear where the tool pirglle display is located. In addition, th& — Clear BinandF2 —
Clear All keys only appear if enhanced ATC features are on.

You can inspect and change any of the 200 toohdliefins. To edit a Tool Library definition move tioe desired
tool number with the arrow keyBageUp, PageDown, HOME , andEND. To change Height Offset numbers,
Diameter numbers, default spindle speed valueshantbol description, type a new value into thé&dfend then
pressENTER. To change the default spindle direction and aaopresSPACE to cycle through the possible
values. When the changes are complete &8s Saveto save the Tool Library and exit.

Bin
This field specifies which bin location, or ATC oasel position, that the tool is occupying. Valadues are —1
(shown as dashes “---“) through the maximum nunab¢ools specified by machine parameter 161. Aeaf O
indicates that the tool is in the spindle. HieF2 keys will work when the cursor is in the Bin colum

F1 - Clear Bin — places dashes “---“into the bin field (same rigeng —1).

F2 - Clear All — places dashes into every bin field.

Note: For enhanced ATC applications, the bin nusibell be updated when tool changes are complefexl.

random, or arm type tool changers, tools in thedipiare placed into the bin where the next topiéked up, and
not necessarily from the bin which it was origigatken.
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Height
This field specifies a default Height Offset (H)mioer to use with each tool. Possible values @0e2D0.

Intercon uses this information to provide a def&liltalue at each tool change. The CNC software ades this
information to correct for the length of the toloht is used to establish the Z-axis position it Batup (see
Chapter 5).

Diameter

This field specifies a default Diameter (D) numbeuse with each tool. Possible values are 1 @ 20tercon
uses this information to provide a default D vadtieach tool change. To change the value typsvanoenber and
pressENTER.

Coolant

This field specifies a default coolant type to usth each tool. Possible values are FLOOD, MISTO&F.
Intercon uses this information to automaticallyeirtdv7 or M8 after a tool change. To change tHae/goress
SPACE until the desired value is shown.

Spindle
This field specifies a default spindle directiorus® with each tool. Possible values are CW, CaVQFF.

Intercon uses this information to automaticallyeinsvi3 or M4 after a tool change. To change tHaesgoress
SPACE until the desired value is shown.

Speed
This field specifies a default spindle speed towigle each tool. Possible values are 0 to 50000€ercon uses

this information to automatically insert an S cadier a tool change. To change the value, typewamumber and
pressENTER.

Description
This field contains a text description of the to®he description will appear in a prompt messagéhe screen

when the CNC software reaches a tool change (M6).
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Tool Life Manageme

(from Main Screen: F1 Setup F2 Tool

nt menu
F

1 Tool Life)

The Tool Life Management feature allows you towgeeach tool’s pre-determined life, and have ieyesracked
and monitored for end-of-life condition. By defadlool Life Management is turned off, but can balded for

each tool individually.

WCS #1 (G54) Current Positio

XA
Y
Z

+10.9994

n (Inches)

+1.0027
-0.9998

Tool: T21 H---

Spindle: 0 A

Job Name: tlife-icn-test.cnc

Feedrate: 100% 0.0 ipm

Part Cnt: O

Part #7: 8

335 Emergency stop released

Press CYCLE START to start job

Tool Life Management

Total
Tool# Type Life Used Remaining Units Mode Description
1 Drill 2500 1234.0 1266.0 (51%) Inches Auto  3/8" drill j‘
2 Drill 500 100.0 400.0 (80%) Inches Auto  1/4" drill
3 Drill 1500 0.0 1500.0 (100%) Cycles Auto  1/8" drill
* 4 EM 2500.0 0.0 (0%) Inches  Auto 3/8" end mill
5 EM 500 78.0 422.0 (84%) Inches Auto  1/4" end mill
6 EM 1500 890.0 610.0 (41%) Cycles Auto  1/2" end mill
7 Drill Off 0.0 0.0 (0%) Inches Manual .
8 Drill Off 0.0 0.0 (0%) Inches Manual .
9 Drill Off 0.0 0.0 (0%) Inches Manual .
10 Drill Off 0.0 0.0 (0%) Inches Manual .
11 Drill Off 0.0 0.0 (0%) Inches Manual .
12 Drill Off 0.0 0.0 (0%) Inches Manual . - |
* Tool Life expired
Hide Sort Sort Sort
Unmanaged | Recent Tool# |Remaining Save
F1 F2 F3 F4 F10

F1 - Show/Hide Unmanaged This key toggles between including and exclgdhose tools that are unmanaged
by Tool Life Management. A tool is unmanagedsfTiotal Life field is set to value 0 (Off ).
F2 — Sort Recent This key sorts the list according to the toolsose Total Life and/or Used field were most
recently modified by tool usage in a job run orduljts done in this menu.
F3 — Sort Tool # This key sorts the list ordered by Tool Number.

F4 — Sort Remaining This key sorts the list ordered by the Life Raimay.
F10 — Save Saves changes.

A tool can be set up for automatic management tilngats Mode to Auto and setting its Total Like& non-zero
value. The following table shows the effects ofitared tool activity on tools that are set up dotomatic

)

management.
Automatic Management: Mode = Auto and Total Lifeis more than 0
Type Units Tool Activity that is monitored Effect on the ‘Used’ field
Drill Cycles downward Z plunge at feedrate at‘Used’ field will be incremented by 1
a unique XY location Cycle
Drill Inch/mm | downward Z plunge at feedrate at Total downward Z distances minus the
a unique XY location overlaps will be added to the ‘Used’ fiel
EM Cycles Tool Change ‘Used’ field will be incrementad1
(End Mill) Cycle
EM Inch/mm | sideways XY feedrate moves (norkY distance will be accumulated in the
(End Mill) rapid) ‘Used’ field
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Detailed description of each field is as follows.

Type

This is the type of tool — either Drill or EM (emndill). Whent the Mode field is set to Auto, thisltl determines
the type of tool activity that will be automatigatracked and monitored for the purpose of acdogrfor
consumed tool life. (See the Automatic Managertedsie above.) Note that if the tool is a Bore drap, you
should select Drill.

Total Life

This field specfies the total amount of tool lifA.value greater than O enables Tool Life manageriegrihe tool.
A value of 0 (Off) excludes the tool from Tool Lifeanagement. Such a tool is called an “Unmanatped”
Unmanaged tools can be shown or hidden by pregdingrhe units of this field is specified in theitdrfield.

Used

This field is the amount of consumed tool life. &iha new tool is first set up, you should initialthis field to 0
indicating zero usage. If the Mode field is seAtdo, this field will automatically be modified daog a job run to
reflect the accumulated tool usage. The unitisffteld is specified in the Units field.

Remaining (non-edit)
This is the display of the remaining amount of tiffel

Units

This specifies the units (either distance or Cydleat will be used and displayed for the Totakl iJsed, and
Remaining fields. Distance is specified with mnmirmarhes (as set in the Control Configuration mersge- Chapter
14).

Mode

This specifies the update mode of the Used fieldither Auto or Manual. If this field is set tatv, then tool
activity is montiored during a job run for tool ggawhich will be automatically accumulated in ttpelated Used
field. (See the Automatic Management table above.)

If this field is set to Manual, no such automaticiates will take place on the Used field. Ratbpdates to the
Used field will be dependent upon user variable iffcations programmed in the G-code program being (See
the sectiormool Life Management — Using G-Code User Varialdésr in this chapter.)

Description
This field contains a text description of the to®he description will appear in a prompt messagéhe screen

when the CNC software reaches a tool change (Méhgla job run.
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Tool Life Management — Effect on Job Run and Backyait

At Start of Job
Tool life expirarations will be checked at the beung of a job run. If any managed tools are et the
beginning of a job, the following dialog will shawp and you will have one of 3 choices to make:

Tool life expired:
T4, T20

F1 = Go to the Tool Life Management menu
F2 = Continue to run job F3 = Cancel job

When a job is first started, the CNC software wilt yet know which tools are going to be used ajtdb until the
job is successfully completed. Therefore, theddisted here will be the list of all expired toelgen if they are not
going to be used in the job.

At Job Restart

Tool life expirations are also checked upon joltarggi.e. upon encountering M2 or M102). If anpl(s) expired
during the previous job run (previous to the MM02), then the dialog that is displayed is simitathat shown
above except that the expired tools listed willydoé the ones that were used in the job.

At End of Job

When tool life expires during a job, such an eweititnot cancel the job. Instead, upon successifid of the job
the following dialog will be displayed and you whiave an opportunity to quickly get to the Toold_Management
menu:

Tool life expired during job:
T20
Go to the Tool Life Management menu?
F1 =Yes F2 = No

This end-of-job dialogue will show only the expireabls that were used in the job.

Using Backplot Graphics to Predict Tool Expirations

You can use Backplot Graphics as a way to pretliead of time whether or not one or more tools &xlire
during a job. Simply preds8 Graph at the Main Screen or in the Load menu. If theljelng graphed will result
in an expired tool if it was actually run, then folowing message will show up:

Tool life will expire on this job:
T20
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Tool Life Management — Using G-Code User Variables

If a tool's Mode field is set to Manual, there wik no updates to the Used field of the Tool Leigadduring a job
run, unless the job’s G-code is programmed to nyatlif

The following is an example of how a G-code prograould modify tool life data. Assuming tool T23®4ode is
set to Manual, and its Units is set to Cycles,ftlewing G-code will increment T23's Used Life fieby 1 after
completing the example_cycle.cnc.

M6 T23 ; change tool to T23

M98 "example_cycle.cnc” L1 ; run the cycle 1 time

IF #4201 || #4202 THEN GOTO 100 ; skip to N10ibackplot or search mode

IF #4120 < 1 || #4120 > 200 THEN GOTO 100 ; skiplid®O if T number is not valid
#[19000+[#4120-1]*5+2] = #[19000+[#4120-1]*5+2] + 1 ; increment current tool's Used Life by 1 cycle
N100 ; destination of goto’s

See Chapter 11 for more information about the @idéser or System Variables.
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Chapter 6
Running a Job

To start the currently loaded job, go to the Mamme®n and press tli&YCLE START button on the jog
panel. If your control is not equipped with a jagnel, pres&\LT-S on the keyboard.

Active Job Run Screen with G-code Display
If the Run-Time Graphics option is set to Off, tbbowing screen is displayed while a job is rumgi

WCS #2 (G55) Current Position (Inches) Job Name: V24-B2ND.cnc
Tool: Ti1 H--- Program # 10000

X +O OOOO Feedrate: 0.0 ipm PartCnt: 0O
Y +O OOOO Spindle: 643 A Part # : 0

. Time: 0:00:07
Z +0.0000 [z 3

. Processing...

o |Moving...
A +O OO Processing...
) o [Tool change: T11 4" face mill 5

B +O . 00 Insert tool and press Alt-S |

18. ; --- Tool #11 ---

19. ;Tool Diameter = 4.0000 Spindle Speed = 640
20. ;4" face mill

21, G492 HO M25

22. GO0 X0.0Y8.0

23. NOOO4 T11 M6

24, S640 M3

25. G4 P1.00 ; pause for dwell

26, G43Di11

27. ; --- Rapid ---

28. NOOO5 X-14.5 Y-8.0 Z3.0 H11
Feed Feed Repeat /Skips Feed Rapid
-1% +1% Oon on Hold Off

Fl F2 F3 F4 F7 F9

On this screen, the following F-keys are available:

F1 — Feed (-1%)

F2 — Feed (+1%)
F3 — Repeat On/Off
F4 — Skips On/Off

F5 — Auto

F6 — Stops off

F7 — Feed Hold
F8 — Graph

F9 — Rapid On/Off

Decrease feedrate override by 1%. (Available ohkeyboard jogging is active.)
Increase feedrate override by 1%. (Available ofkelyboard jogging is active.)
Toggle the repeat feature for part counting. Forannformation, see F3 under the
Run Menu section later in this chapter.

Enable/Disable block skips. For more informatisee F4 under the Run Menu
section later in this chapter.

This key will only appear in Single Block mode. #hyou press this key, it turns
on Auto mode and disables Single Block mode. Gxde mode is turned on,
Single Block cannot be re-enabled unless you $tepab. For more information,
see F5 under the Run Menu section later in thiptela

This key will only appear if Optional Stops is oWWhen you press this key, it turns
off Optional Stops. Once Optional Stops is turo#dit cannot be re-enabled
unless you stop the job. For more information,S@@nder the Run Menu section
later in this chapter.

Turn feed hold on/off. (Available only if keyboaj@pging is active.)

Switch to run-time graphics screen. This key omlgears if the job was started with
the run-time graphics option turned on.

Turn rapid override on/off.

For information on other keys that are availableleva job is running, see Chapter 2.
M-Series Operator’'s Manual 4/9/15 6-1



Run-Time Graphics Screen
When a job is running with Run-Time Graphics sedtyg the following screen is displayed:

WCS #2 (G55) 20. NOOQ3 T2 M6 Job Name: 130setupgauge.cnc
X +0.1250

[—

Y +0.0000

O

Z +19.5111

———————

=

Z Depth
- +22.00

+16.25
+10.50

+4.75

-1.00

Tool change: T2 .330 Drill

Insert tool and press Alt-S Trail

Clear G-Code Off
F7 F8 Fo

The following keys are available while the jobusning in Run Time Graphics.

F7 — Clear Clears the trail up to the tool’s current positinrihe program.
F8 — G-Code Switch to the Job Run Screen with G-Code display.
F9 — Trail On/Off Turn on/off the tool trail display.

Canceling a Job in Progress
There are three conventional ways to cancel a thyreunning job (CNC program). When a job is cdade

using any of the following methods, the job's pesgrwill be recorded. This allows the user toaréshe
job using the Resume Job option or the Search amdoRtion.

CYCLE CANCEL pressing this key while a job is running will cadlse control to abort the job
currently being run. The control will stop moverhenmediately, clear all M-functions, and
return to the main screen. Hitting the escape kethe keyboard is equivalent to hitting
“CYCLE CANCEL "

TOOL CHECK Pressing this key while a job is running will catise control to stop the normal
program movement. In addition, the Z-axis willfndled to its home position and all M-
functions will be cleared. The control will autotically go to the resume job screen.

EMERGENCY STOP (E-Stop) Pressing th&EMERGENCY STOP button, while a job is running,
will cause the control to abort the job currentgmyg run. The control will stop movement

immediately, clear all M-functions, and return b tmain screen. Also, the power to all axes will
be released.
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Resuming a Canceled Job
If a job is canceled using one of the methods dasdrabove, it can be resumed in one of three ways:

CYCLE START Pressing th€ YCLE START button will restart the job at the BEGINNING ofth
part program.

F1 - Resume Job (Located inF4-Run menu)Restart the canceled job at or near the point of
interruption. See the next section in this chagteitled “Run menu” for more information.

F2 - Search (Located inF4-Run menu) Restart at a specified point in the pargram. See the next

section in this chapter entitled “Run menu” for emarformation.

Run menu

Presg=4 - Run from the main screen to access the Run menu. Brisrmenu, the operator can restart a
canceled job or change the way the job will run.

WCS #2 (G55)  Current Position (Inches) Job Name: V24-B2ND.cnc
Tool: T11 H---
X +O . O O O O Feedrate: 100% Part Cnt: 10
Y +O OOOO Spindle: 0 A Part £ : 0
.. g 5|
Z +0.0000 [
o |Processing...
A +O OO Waiting for PLC operation
o Stopped 5
B +O . OO Alt-S to start job, Alt-] to jog. ‘
Run
Single Block Mode: Off Run-Time Graphics: Oon
Optional Stops: Off
Block Skips: Oon
Job Repeat: Off
Part Count: |10
Resume Repeat /Skips RTG
Job Search On DfF Block Stops Graph on/off
F1 F2 F3 F4 F5 F6 F8 F10

F1 - Resume Job Access the resume job screen by presBihg Run on the main screen to go to the
run screen, and then presskij— Resume Jobn the run screen to go to the resume job screen.
If the job was canceled by pressin@OL CHECK , the control will go to the resume job screen
automatically. From this screen, the user can fpadol offsets and the tool library, turn block
mode on and off, turn optional stops on or off piréghe partially completed job, or start the
partially completed job.

The resume job option is not always available. fbflewing situations will cause the resume jobioptto
be unavailable:

Loading a new job.

Running a job to completion.

Parse errors in the job.

Editing or reposting the job file.

Loss of power while a job is running.
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F2 — Search Invoking this option will bring you to the “Seareimd Run” menu. This menu will allow
you to specify the program linblock humberpr tool numbert which execution of a program is
to begin. Program lines are numbered from theotdpe file down with the first line numbered
1. To enter a block number, place an "N" in frohthe number. To enter a tool number, place a
"T" in front of the number. Pressii@yCLE START from here would start the program at the
point you specified.

An extra option unique to the “Search and Run”agris the=1 — Tool Change‘Do Last Tool
Change” function. This key toggles the tool chaoggon as shown on screen. A "YES" tells
the control to perform a tool change so that tlod $pecified for the line or block has the tool
indicated in the program. A "NO" uses the curngfdhded tool, regardless of what tool is
specified for the line or block being searched.

NOTE: You cannot search into a subroutine.

F3 — Repeat On/Off This key toggles the repeat feature for part cogntiwhen part counting is in
effect and Repeat is on, the job will be automdticain again until the specified number of parts
has been run. The On or Off label indicates tategb which the repeat feature will toggle to
when pressed. It does not indicate the currete.stBhe current state is indicated in the user
window above.

The Part Count: prompt is used to set the Part count. Positiveestet the part counter to count up and
negative values configure the part count to coomird For example, if 10 is entered in the Parti@ou
prompt, the Part Cnt in the status window changd®tand the Part # changes to 0 with an upwaoivarr
indicator. When a job is run and then completes Rart # will increment to 1. If repeat is on, jible will
automatically start again and keep running unélRart # has reached the Part Cnt. If a —10 eyethin the
Part Count prompt, the Part Cnt in the status windbanges to 10 and the Part # changes to 10 with a
downward arrow indicator. When a job is finishdok Part # will decremented to 9. If repeat istbme,job
will automatically start again and keep runningiluhie Part # has reached 0.

F4 - /Skips On/Off This function toggles the block skip feature. Windock skipping is on, G-code
lines that start with a forward slash charactearg skipped, i.e., they are not processed. Note
that because of the way a job is processed (ie-gmcessed buffered fashion) the effect of this
key may be delayed if you press it while a joluisrring. The On or Off label indicates the state
to which the /Skips feature will toggle to whengsed. It does not indicate the current state. The
current state is indicated in the user window above

F5 - Block Mode Turns single block mode on and off. This is simiapressincAUTO/BLOCK . If
Single Block mode is on, the CNC software will sadfer each block in your part program and
wait for you to pres€YCLE START . Note that Auto mode is the default mode. If yoa tiss
key to turn on Single Block mode and then run a falito mode will be re-instated when the job
ends. The current state of this setting is in@éidan the user window above.

F6 - Optional Stops Turns optional stops on and off. If optional staps on, any M1 codes that
appear in your program will cause a wait@¥CLE START (just like MO). If optional stops
are off, M1 codes will be ignored. Note that théadét mode for Optional Stops is off. If you use
this key to turn on Single Block mode and thenayab, Optional Stops will be set to off when
the job ends. The current state of this settingd&ated in the user window above.
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F8 — Graph Graphs the part. For more information, see'#t- Graph' section in chapter 3. If this
feature is invoked from the Run and Search screémeoResume Job screen, then the graphics
will show exactly where the searched line or blbekins. Dotted lines indicate the portion of the
part that is skipped. Solid lines indicate the jporof the part that will be machined.

F9 — Rapid On/Off This function key toggles Rapid Override. The @iOdf label indicates the state
to which the Rapid Override feature will toggle wh@essed. In the Rapid Override On state,
the speed of rapid moves (G0) can be adjustedéifeledrate Override knob. In the Rapid
Override Off state, the speed of rapid moves valbabfull speed (max rate).

F10 — RTG On/Off This function key toggles the Run-Time Graphicsapt If the option is turned
on, Run-Time Graphics automatically starts whenGWE€LE START button is pressed. This
option must be turned on for Run-Time Graphicsdabed. If the option is turned off, Run-
Time Graphics cannot be started while a job is imgn

Power Feed

Pres$4 - Feedfrom the Setup menu to access the Power Feedhsciides screen is used to command axis
movement. All the operations available on the Pdvesrd screen may also be performed in MDI with the
appropriate M and G codes.

F1 - Absolute Power FeedPress$1 - ABSto move an axis to an absolute position, at aipdc
feedrate.

F2 - Incremental Power FeedPress2 - INC to move an axis an incremental distance, at afsgabc
feedrate.

F3 - Free XY Presg=3 - Freeto release power to the X and Y motors, allowing yo use your
machine manually for these two axes.

F4 - Power XY Presg=4 - Powerto apply power to the X and Y motors, allowing yowse your
machine with the jog panel for these two axes.
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Chapter 7
The Utility Menu

To get to the Utility Menu, preds7 - Utility at the CNC software Main Screen. The model witixdepending on
your M-Series Control model.

Utility Menu

Model

CNC11 Mill v_.___

Restore | Backup | Restore File User Create Obtion Lods
Report Files Files Ops Maint Report P 9
F2 F3 F4 F5 F6 F7 F8 Fo

F2 — Restore Report This option is used primarily for restoring a systeonfiguration from a previously
savedreport.zipfile (SeeF7 — Create Repor].

F3 — Backup Files This creates an archive file “cnc_backup.zip” cantegy CNC program files, Intercon
part program files, MillWrite engraving files, addjitized output files from the following
directories and their subdirectories: ncfiles cliogy, c:\intercon, c:\mw, and any other
directories mentioned in the pathm.ini configuratite.

F4 — Restore Files Use this option to restore the data previously bdakp withF3 — Backup Files (Note
that this feature will not work with backups crehbyy control software prior to version 3.04.)
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F5 — File Ops Use this menu to perform file and directory openagisuch as: Importing and Exporting
(copying) files to and from the control, renamealelete files, create or delete directories.

File Options

Current Directory: c:\cncm\ncfilesy

[c\ ] elbow.cnc thread.cnc
[d:\ ] f2.cnc toolchtl.cnc
[ e\ ] flange.cnc triangle.cnc
[\ ] helix.cnc ttlloc.cne
[ p:\ ] irr.cnc
[tV ] irreg.cnc
[.] MUSTANG .cnc
[Up] recycle.cnc
Saxis.cnc SPIRAL TEST2.NC
atlanta.cnc tchkdemo.cne
bikersblvd.nc test3b.cnc
¢_rod.cnc test3c.cnc
cam.chc test3e.cnc
camcw.cam test4b.cnc
condtest.cnc test4e.blah
convgraf._nc test4e.cnc
demol.cnc testad2.cnc
demao3.cnc tester.cnc
o |
Select: c:\cncmincfiles\20r.dig
Toggle Npc\)”n/e Ig(g%rrtt/ Edit Refresh Rename N[;axv Delete Cancel
F1 F2 F3 F4 F5 F7 F8 Fo F10
F1 - Toggle Press once to select or press again to unseléajla §le.
F2 — All /None Press once to select all or press again to unsaldies.
F3 — Import/ Import or Export selected files.
Export
F4 — Edit Opens selected file in editor.
F5 — Refresh Refresh file list. Use after inserting a new US&age device

F7 - Rename

Rename selected file or directory.

F8 - New Dir Create a new directory in the current folder.
F9 - Delete Deletes selected file or directory.

Page Up Move the cursor backward one page.
PageDown Move the cursor forward one page.

End Select the last file in the list.

Home Select the first file in the list.

Arrow Keys Move the cursor in the selected direction.
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F6 — User Maint

Use this menu to perform user maintenance suchexkimg an axis for excessive drag or setting
backlash

F1 - Drag The Drag Factor utility is used to determine ifais has an excessive amount of drag. To
run a drag test, use théd key to select the axis which you wish to test,ijpms the axis at or near
the home position and preS¥CLE START . The axis will move back to the home switch then
traverse the entire range of travel for the axisimpto the opposite limit and returning to home
while moving the slow jog rate. If excessive fioct (drag) is encountered an error message will
be displayed. When the test completes,kR&&raph to display the results. The red horizontal
lines indicate the bounds acceptable limits forrtteehine as it is currently configured.

F2 - Lash (Backlash Compensation) In order to insure an ateuneasurement always set the backlash
compensation in the control to zero before attemgpiio measure the physical lash in an axis.

F7 — Create Report Generates a backup of system configuration filleateeport.zipand copies it to the
specified location. Your dealer may then usefiledor servicing and troubleshooting purposes.
To restore the configuration files from the repdigk, pres$2 — Restore Reporfrom the
Utility menu.

F8 — Options Shows the software options that you have purchasadded to your control. On this screen
you can also enter unlock codes for software opttbat you have purchased. This page will
also display the PLC programs, PIC type, and Sys$e

F9 — Logs Shows the messages and errors that have been Ibgdgled control.
F1 — Errors Displays the error/message log. WggJp, PgDn, Home, & End to view andeSC to exit.
F2 — Stats Displays counts of errors logged. UagUp, PgDn, Home, & End to view andESC to exit.

F3 — Export Exports the log to a destination of your choosing
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Chapter 8

Digitize
(F9 from Main Menu)

X A
Y
Z

WCS #1 (G54)

Current Position (Inches)

+0.0000
+0.0000
+10.0000

foes |

Job Name: msl.cnc
Tool:

Feedrate: 111% 0.0 ipm
Spindle:

335 Emergency stop released

Grid Radial Contour
. . Dig to
Grid Radial Contr Probe CAD
F1 F2 F3 F4 Fé6

Probe

Wall
Following

F8

Wall Following

The Digitize feature of the CNC software can bedusedigitize surfaces in a variety of scenarid$e digitizing
process creates a file with M & G codes that regrethe digitized surface. If the digitizing praijeis chosen to
match the milling cutter size, the digitized filancbe loaded and run to produce an exact copyedditiitized part.

F1 - Grid

F2 — Radial

F3 — Contour
F4 - Probe

F6 — Dig to CAD

F8 — Wall Following

Digitize rectangular surface area.

Digitize i

Digitize inside or outside contour.

nside of a bore.

Select from the Probing Cycles (See Chapter 9isftianual).
Export digitized files for use with a CAD/CAM syste
Digitize inside and/or outside contour .
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Grid Digitize
(F1 from Digitize Menu)

WCS #1 (G54) Current Position (Inches) Job Name: a.cnc

XL '02695 |T=_::j:rate: T1090|;(|)|1 0.0 ipm
Y +1.9986 "~
7 +3.0000

Grid Digitizing Stall detection disabled
1) Jog Probe Tip to Maximum Height Type:
2) Jog Probe Tip to Surface Corner X Patch Length: 1.0000
3) Edit the Digitize Parameters X Step Over: 0.0100
4) Press CYCLE START to begin Y Patch Width: 1.0000
Y Step Over: 0.0100
Z Maximum Depth: 1.0000
Z Step Up: 0.1000
Axis to Move First: X
Digitize File Name:
Replay Feedrate: 3.0000
Multiple Patch: No
Replay Pattern: Zig Zag
Probe Diameter: 0.2362
Save
F10

Grid Digitize Run Setup

To set up a digitizing run, edit the parametersashand then presSYCLE START. The control will move
through the area to be digitized in a rectanguddirepn. At each X-Y point in the pattern, it willeasure the Z
height of the sample surface, and record the coatés in the data file.

Digitizing begins at the current tool position whteCYCLE START button is pressed. This position should be
in one corner of the digitize area, at a Z positiggher than any point on the surface.

Grid Digitize Parameters
Type This sets the algorithm for digitizing: eithegular Grid or Surface Following.

X Patch Length The length of the area to be digitized, alorgXhaxis. A positive value will cause digitizing t
proceed in the X+ direction from the starting ppanhegative value will cause digitizing to procéethe X-
direction. If the value is 0, then digitizing wibllect just one stripe along Y.

X Step Over The distance to move between points on the X-afi smaller value should be used for a fine
digitize along the X-axis. A larger value shoulslused for a rough digitize along the X-axis. Tdigance should
be a positive incremental value.

Y Patch Width The width of the area to be digitized, along Yhaxis. A positive value will cause digitizing to

proceed in the Y+ direction from the starting ppanhegative value will cause digitizing to procéethe Y-
direction. If the value is 0, then digitizing Wibllect just one stripe along X.

M-Series Operator’'s Manual 4/9/15 8-2



Y Step Over The distance to move between points on the ¥-aAi smaller value should be used for a fine
digitize along the Y-axis. A larger value shoulused for a rough digitize along the Y-axis. Tdigance should
be a positive incremental value.

Z Maximum Depth The maximum distance the Z-axis moves belowsthging height. If the probe does not
contact the surface at the maximum depth, thatpiaite will be recorded as beirg the maximum depth, and
digitizing will proceed with the next point.

Z Step Up The distance the Z-axis moves up after makingasd, before the control attempts to move X orA.
small value should be used when digitizing parth \gentle slopes; a larger value should be useah wiggtizing
parts with many steep walls.

Axis to Move First The axis (either X or Y) which moves all the wagross the digitize area with each pass.

Digitize File Name The base name of the output file in which tlgtidie data is stored. An extension.dig will
automatically be appended to the name for replay@siC job.

Replay FeedrateThe feedrate to include with the G1 commandhanfirst line of the data file. If the data fike i
run as a CNC program, this is the feedrate at wihielmachine will retrace the digitized surface.

Multiple Patch Indicates whether or not this digitizing is aatinuation of an earlier digitizing. Choose NOVligt
current digitizing is the first or only digitize mufor the part to be digitized. Choose YES if thierent digitizing is
not the first digitize run for the part. If Yesdgslected, specify the name of a digitize file giravious multiple
patch.

Replay Pattern Indicates the replay movement pattern. If ZI&Xis selected, the replay pattern will alternate
between positive and negative directions on eacbessive pass. If ONE WAY is selected, the repktyern will
maintain a constant "one-way" direction throughtbetplayback.

Probe Diameter Indicates the probe tip diameter.
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Grid Digitize Notes
1. A guide to the possible grid digitizing pathassfollows:

ZIGZAG REPLAY PATTERN ONE-WAY REPLAY PATTERN
X INDICATES START POINT X INDICATES START POINT
+3 PATCH LEMGTH +30 PATCH LENGTH +3 PATCH LEMGTH +30 PATCH LENGTH
+ PATCH WIDTH +¥ PATCH WIDTH + PATCHWIDTH #3 PATCHWIDTH
MOVE X FIRST MOVE ¥ FIRST MOIVE 3 FIRST MOVE Y FIRST
- % PATCH LENGTH -3 PATCH LEWGTH - X PATCH LEWGTH -3 PATCH LEWGTH
+3 PATCH WIDTH +% PATCH WIDTH +¢ PATCHWIDTH # PATCHWIDTH
MOVE X FIRST MOVE ¥ FIRST MOIVE 3 FIRST MOVE Y FIRST
- % PATCH LENGTH - % PATCH LEMGTH - % PATCH LENGTH - % PATCH LENGTH
- PATCH WIDTH - PATCH WIDTH - PATICH WIDT H - PATICH WIDT H
MOVE X FIRST MOVE ¥ FIRST MIVE X FIRST MOVE Y FIRET
+3 PATCH LENGT H +3 PATCH LEMGT H +3 PATCH LENGTH +3 PATCH LENGTH
- PATCH WIDTH - PATCH WIDTH - PATICH WIDT H - PATICH WIDT H
MOVE X FIRST MOVE ¥ FIRST MOVE X FIRST MOVE Y FIRST

A
+HH

i
-

2. A digitizing patch can be located anywhere m¢bordinate system. The digitizing starting pdsneferenced
from the part zero. For example, setting up digig, as shown in the figure on the right belowl| veicord the

first point at (X5, Y5, Z1) and the last point Xf7( Y7, Z1). If the digitizing replay starting piiis desired to be at
the part zero be sure to set the part zero equhétdigitizing start point, as shown in the figorethe left below.
This orientation will record the first point at (X¥0, Z0) and the last point at (X2, Y2, Z1). Foore information
on part setup see Chapter 4.
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Highest Point

START
(X5,Y5,27)

START

(X0,Y0,Z6)

(X2,Y2,20) (X7,Y7,21)

(X0,Y0,Z0) ¢ (X5,Y5,21)

(X0,Y0,25)

3. A good technique for calculating Z maximum dheistto touch off the lowest surface of the paiveadigitized
and set the part zero's Z value to Z0. Then jegtiobe tip to a point higher than the highestagerfof the part to
be digitized. Note the displacement in the Z-a¥igiain, set this Z height to Z0 and use the nadisglacement for
the Z maximum depth.

4. Multiple patches are useful in the followintgusitions: completing a canceled digitize run, ttgig parts with
large areas that contain nothing to be digitizédég below), and patching vertical walls to elimiacallops
caused by the cutting tool.

PATCH #2
/ Digitize File Name: DRILL
Multiple Patch: YES

L—— —

4

/ Nothing to Digitize Area
PATCH #3
Digitize File Name: DRILL ~ PATCH #1
Multiple Patch: YES Digitize File Name: DRILL
Reduce Stepover and change Multiple Patch: NO
Axis to move first parameter to
eliminate scalloping.

X

The drill shown in the previous example is L-shap@&terefore, it can be digitized faster and mdfieiently
using three rectangular patches than digitizingctiraplete area with a single patch.

Digitizing the entire part and then adding multiphaall patches along the walls can avoid verticl scalloping.

If a vertical wall extending along the X axis ne¢al$e cleared of scallops, just add a small patohing the
length of the wall. Set the “Axis to Move First"naaneter to Y. This will clear the scallops.
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Radial Digitize
(F2 from Digitize Menu)

WCS #1 (G54)  Current Position (Inches) Job Name: flange.cnc

X +6 . 2 1 40 :::(:I:rate: I;O:D---

Spindle;: 0 M

Y +0.0000 ™" &
Z +0.0000

Radial Digitizing

1) Jog Probe Tip to Starting Height Containment Rai

2) Jog Probe Tip to Center of Well Z Patch Depth: 1.0000

3) Edit Radial Digitize Parameters Z Step: 0.0100

4) Press CYCLE START to begin Outer Stepover: 0.0100

Replay Pattern: Zig Zag

Replay Feedrate: 3.0000

s Center Digitize File Name:

Fenter || Competnment X: Not Containment Angle: Full

£ step . Y: Set Multiple Patch: No

\ / (pery Move Between Levels: Clearance

Sepeer——" Clearance Height: 0.0100
Center Partial Save
F1 F2 F10

Setting up a Radial Digitize Run

To set up a digitize run, edit the parameters shodag the probe tip to the starting height antthéocenter of the
bore to be digitized. Then prds$ - Centerto define the center position for digitizing. $tuenter position will
be used as the center of all radial digitizing runsl you leave the radial digitize menu or redefthe center. If
you are using a full angle, you can now pré§<LE START to begin digitizing. If you have specified paktia
angle, pres&2 - Partial to define the partial angle (see setting the glaatigle section in this chapter). After
defining the partial angle, pressi@y CLE START will start the digitize run.

WARNING: The probe must be able to retreat to the enter from any position on the digitize surface. flthe
digitize surface contains features that do not allw for the probe to exit after entering, a probe crah may
occur! See radial digitize note 2 later in this sdion.

Radial Digitize Parameters

Containment RadiusThe maximum distance from the center positiolotdk for a digitize data point. This
parameter is used to contain the probe within@eciwith this radius centered at the center pasititd the probe
does not contact the surface before reaching théman radius that data point will be recorded asdat the
maximum radius, and digitizing will proceed withethext point.
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Z Patch Depth The depth of the patch to be digitized, alorgZhaxis. A positive value will cause digitizing t
proceed in the Z+ direction from the starting ppanhegative value will cause digitizing to procéethe Z-
direction.

Z Step The distance to move between points on the g-a&ismaller value should be used for a fine iigit
along the Z-axis. A larger value should be useafmugh digitize along the Z-axis. This distasbeuld be a
positive incremental value.

Outer Stepover The distance to move between points on one contd smaller value should be used for a fine
digitize along any one contour. A larger valueltdtide used for a rough digitize along any one @ant This
distance should be a positive incremental value.

Replay Pattern Indicates the replay movement pattern. If Zggimaselected, the replay pattern will alternate
between positive and negative angle directions @/ CCW) on each successive contour. If CW or GEW
selected, the replay pattern will maintain a camtsééagle direction throughout the playback.

Replay FeedrateThe feedrate to include with the G1 commandhanfirst line of the data file. If the data fike i
run as a CNC program, this is the feedrate at wiiehmachine will retrace the digitized surface.

Digitize File Name The base name of the file in which the digitiz¢a is stored. The file has an extensiordiof
for CNC replay.

Containment Angle Indicates whether or not the digitizing is tdida a full circle or a partial sector. Chodsall
if 0 to 360 degrees is desired. Choose Partgdnfie other angles are needed. These partial arayidben be
changed later (see setting the Partial Digitiziegt8r Setup section that follows).

Multiple Patch Indicates whether or not this digitizing is axtinuation of an earlier digitizing.

Choose No if the current digitizing is the firstanly digitize run for the part to be digitized h@se Yes if the
current digitizing is not the first digitize runrfthe part. If Yes is selected, specify the naime digitize file of a
previous multiple patch.

Move Between LevelsThis field is enabled only if Partial and CCW@W option is selected. It indicates the
move between Z levels on replay of a partial seetdial digitize file. This move may now be dondhree
different ways: Clearance, which goes to the cleagdeight as in previous versions, Center, whiadsdo the
digitizing center and then to the Z level of thetngass, and Direct, which goes directly to thetistg point of the
next pass.

Clearance HeightThis field is enabled only if Partial, CCW or C\dplay pattern, and Clearance Move type
option is selected. This distance indicates tharalece height needed to move the cutter from tbdeoéone
contour to the beginning of the next contour. Tdisance should be a positive value.
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Radial Digitize Notes
1. A guide to possible radial digitizing pathasfollows:

FULL CONTAINMENT ANGLE FULL CONTAINMENT ANGLE
ONE WAY REPLAY PATTERN ZIG ZAG REPLAY PATTERN
Clearance path % Clearance path
between depth between depth
Increments Increments
PARTIAL CONTAINMENT ANGLE PARTIAL CONTAINMENT ANGLE
ONE WAY CLEARANCE REPLAY PATTERN ZIG ZAG DIRECT REPLAY PATTERN

A Clearance path

DN _betweentdepth Clearance path
A increments between depth
A increments
A

\{

2. When radial digitizing, make sure the probefcély retract to the center position without olstiions.
Observe the two parts below. The cross sectiah@iteft has no obstructions that could keep tlobg@ifrom full
retraction to the center position. The cross saatin the right does not allow the digitizing ttraet to the center
in Area A. This area will cause a probe crash; single pdigitizing of parts such as this should be avoidédse
2 or more patches to digitize the part on the r{ghthis case, you could divide the part in halfikontally, and do
each half separately).

IDEAL PART PROBLEM PART

CENTER POAW CENTER PAW
®
[ ]

\ AREA AJJ
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Partial Diqgitizing Sector Setup
If you set the Radial Digitize Containment Angle‘'Rartial” then you must set up the Digitizing Setwy pressing
F2 - Partial from the CNC software Radial Digitize Screen.

WCS #1 (G54)  Current Position (Inches) Job Name: flange.cnc

X +6.2140 v 1
Y +0.0000 ™™ cootan
Z +0.0000

Processing...

Press ESC to cancel

Partial Digitizing Sector

1) Edit the angle fields on the right, OR
Jog to the start or end point of the
sector, then use Start (F1) or End (F2) to
set the start or end points.

2) Press F10 to Save changes or ESC to exit.

Start Angle: [ 0.00)

End Angle: 45.00

Start End Save
Fi F2 Fi0

The partial sector can be setup one of two methods:

One method is by editing the start and end angfestty. The start angle is referenced from ze¥grdes and
defines the beginning of the digitizing sector.e®mnd angle is referenced from zero degrees ainteddhe end of
the digitizing sector.

The second method involves jogging the probe tgbtanching off the digitize surface. By moving fhrbe tip to
positions on the digitizing surface, one can setahgles. To set the start angle, jog the prgbtihe position on
the digitizing surface where the digitizing is tegin and presE1 - Start to define this as the start angle. * Notice
that the picture of the sector and the start amgbdue change to reflect these settings. To ééfia end angle,
follow the procedure above but présx- End instead to set the end angle.

Regardless of the method used to define the sidread angles, pressifd0 - Savesaves the angles and exits

back to the radial digitize menu. Presdt8C will return to the radial digitize menu without kiag changes to
the start and end angles.
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Contour Digitize
(F3 from Digitize Menu)

WCS #1 (G54)  Current Position (Inches) Job Name: flange.cnc

x +6 . 2 1 40 ::z:l:rate: 1-;0:0-“

Spindle: 0 M

Y +0.0000 ™" &
Z +0.0000

Contour Digitizing

1) Jog probe tip to center of part. Copy Type

2) Press F1 to define center of part. X Patch Length: 0.0000

3) Jog probe to start pt. Y Patch Width: 0.0000

4) Press CYCLE START to begin Axis Step 0.0100

Digitize File Name:

Replay Feedrate: 10.0000

Center Plunge Rate 10,0000

X: Not Z Surface Height 0.0000

Y Set Z Clearance 0.1000

Z Depth 0.0100

Z Depth Increment 0.0100

Probe Diameter: 0.1250

Press SPACE to change

Center Save
Fi F10

Contour Digitize Run Setup
To set up a digitizing run, jog the probe tip te tenter of the part and Il - Centerto assign that as your center
point.

Select CAM for a true CAM shape contour, or Watlifoegular shapes for wall following. Enter thetef the
parameters for the part and digitizing job as shbelow.

Jog the probe to a starting point and p@¥S£LE START. The control will move the probe toward the ce it
in the +/- X direction until it comes into contatith the part. At each point of contact, the X ahdoordinates
will be recorded in the data file.

The probe will continue around the contour untieiturns to the starting point to complete the eyBlased on the
starting point, and the first point of contact, thgitize software will determine if the contourigernal or
external.

Important note: When probing an external contour, make sure thbgpcomes in contact with part on the first

move. If it doesn'’t, the software will compenstighe outside of the part as if it were an inteomatour causing
your part to come out larger than you want it to be
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Contour Digitize Parameters

Copy Type Toggle between CAM or Wall. Use CAM for regudrapes (no extreme direction changes) and use
Wall following for contours with irregular shape&see example below.

‘ ™
|
- /
Regular Irregular

X Patch Length The length of the contour to be digitized, aldhg X-axis.
Y Patch Width The width of the contour to be digitized, aldhg Y-axis.

Axis Step Over The distance to pull back away from the surfadde X and/or Y direction. A larger value
should be used for a rough digitize along the Ysaxihis distance should be a positive incremeratiale.

Digitize File Name The base name of the file in which the digitiz¢a is stored. The file has an extension of
.cam for CNC replay and is stored in the c:\cncfilexdirectory.

Replay FeedrateThe feedrate to include with the G1 commandhanfirst line of the data file. If the data fik i
run as a CNC program, this is the feedrate at wiiehmachine will retrace the digitized surface.

Plunge Rate The feedrate the Z axis plunges between suaeedspth passes.

Z Surface Height Surface height of material for reproduction wfitized parts.

Z Clearance Clearance to rapid to above surface of partngdureplay.

Z Depth Depth of the part as measured from the surfaegghh

Z Depth Increment Depth of cut for each Z step of the part.

Probe Diameter Diameter of probe tip used to digitize the part.
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Contour Digitize Notes

Contour digitizing creates an M&G code file withcam extension. The structure of the .cam filedstaith a
header of comments indicating some of the parametd when digitizing the contour. Next is thetoonitself,
which is outputted as a subprogram. The M&G cadtegpreceded by an 09800 (start of subprogram) and
followed by an M99 (end of subprogram). The enthef.cam file contains the initial positioning nresvand a call
to the contour subprogram (G65 P9800).

Probing direction When starting the digitizing cycle, choose atsig point where the X travel will contact a point
on the cam on the Y axis. The probe tip will méoward the center line in the X direction unti€dntacts the

cam, then will move either clockwise or counter&loise around the cam, depending on which quadraunt y
started the cycle (see Table 1).

Table 1 — Probe direction by starting quadrant

X Y Probe travels

- - cw

- + CcCcw /— _\
+ + CcW

+ - ccw \_/
- 0 CW

+ 0 CCw

If the probe bypasses a contact point on the Y, &xigll continue moving in the X direction acros® center line
until it reaches the patch length limit and fawits.

Canceling a jobUnlike grid or radial digitizing if you cancel awtour operation before it is completed you will
not be able to restart the contour at the poimtefruption to continue the cycle. You will needstart over.

Before running a jobBefore running a job created by contour digitigiou will need to add some information to
the file to define any required tool change, cut@npensation and height offset commands.

1. Do a search in the G code for the phrase “Adeh&blere.”

2. Refer to the descriptions of G40, G41 and G4Qhapter 12.

3. Add the proper G code to the file after the “ACdmp Here” prompt.
4. Save the file, and run your job.
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Wall Following Digitizing
(F8 from Digitize Menu)

WCS #1 (G54) Current Position (Inches) Job Name: msl.cnc

X < +0.0000 2 w0
Y +0.0000 —
7 +10.0000

Wall Following Digitizing Stall detection disabled
Probe Tool Number
Z Patch Distance -0.1000
Z Step 0.0500
Stepover 0.0600
Digitize File Name wall_dig_file
z SteEI: Approach X+
Inside/Outside Outside
™  Cut Feedrate 20.0000
Z Patch Cut Direction Counter Clockwise
Distance

1) Jog probe to start location
2) Enter parameters
3) Press Cycle Start to start probing

Stepover ke

Setting up a Wall Following Digitizing Run

To set up a digitize run, edit the parameters shoday the probe tip to the XY starting locatiams{de or outside
of the part to be digitized), and then jog Z to lineel of the first digitize pass. PreS¥CLE START to start the
digitize run.

Wall Following Digitizing Parameters

Probe Tool NumberThe tool number of the probe.

Z Patch DistanceThe total Z distance to digitize, incrementalnfrthe first pass. Entering a negative value will
cause the routine to step down in the Z. Enteripgsative value will cause the routine to stepmughie Z.

Z Step The Z amount to step down per pass.
Stepover The distance between the digitized points.

Digitize File Name The base name of the output file in which tiggtidie data is stored. An extension.dig will
automatically be appended to the name for replay@siC job.

Approach The direction of the first digitizing move.

Inside/Outside Starting location of the probe; inside the marbutside.
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Cut Feedrate The replay feedrate. This is the feedrate wihbe output to the file specified by the DigitiFile
Name above. This will cause the digitized datbdaeplayed at this specifed feedrate when theubdfta is run
as a CNC job.

Cut Direction The Clockwise or Counter Clockwise directiorttod output data. This also defines the direction o
digitze.

Wall Following Digitizing Notes

The output data is uncompensated. Therefore thatamt output data points will be offset by thel tip’s radius
amount. If you want to run this data as a CNC joth actually do cutting, you must use a cutter ihéte same
shape and diameter as the probe tip. An altematithis is to use a CAD/CAM software packagestoave the
probe tip offset and to apply the desired compéorsat
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Dig to CAD
(F6 from Digitize Menu)

File Selection Menu
Current Directory: c:\milldemo\ncfiles\
[p:\ ]
[ e ]
[u\ ]
[vi\ ]
[wi\ ]
[y:\ ]
[z:\ ]
[..]
*3BOWL.dig5
3BOWL.txt
Select: c:\
Toggle All None } Refresh Accept
F1 F2 F3 F5 F10

The Dig to CAD feature of the CNC software is useéxport digitized files for use with CAD/CAM
software. The digitized files are converted tonp@ioud data that is easily readable by most CAAMC
systems. Digitized files have either a .DIG orGBlextension. Files with the extension .DIG aeatzd
from the grid or wall following digitizing routinesvhile .DIG5 files are created from 5-axis digitig
toolpaths. The resulting point cloud data file ivve the same file name as the .DIG and .DI@&S fihey
were created from, only they will have a .TXT exdiem. These files can then be imported into any
CAD/CAM software or viewed with a simple text edito

In the case of 5-axis CNC controls, where thedd %' axes are rotary axes, parameters 116-119 ardrsed

conjunction with Dig to CAD to properly positiondltollected data (see Chapter 14 for more infoonatin
these parameters).
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Converting Digitized Data

To export digitized data, first select the filesuywish to convert by highlighting the files withetlarrow
keys and using eithérl-Toggleor theSpacebar to select the files. When a file has beeactetl an
asterisk (*) will appear to the left of the filenamOnce you have selected all the files you westonvert
pressF10-Accept

File Selection Menu

Current Directory: c:\milldemo\ncfiles\

(Y)es, Save in current location
(N)o save in other location

Select: c:\milldemo\ncfiles\3BOWL.dig5

None Refresh
F3 F5

Toggle All
F1 F2

Accept
F10

To convert the files and save them in the sameiding as the digitized files pre¥s To save the files in a
different location such as a floppy or USB drivessN, navigate to the desired directory using the file
menu, and preds10-Acceptto convert and save the files in that location.
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Chapter 9
Probing

Attention!! Refer to the Probe Parameters sectionat the end of this chapter before using any
probe.

Part Setup with Probing
Single axis, single surface probing is availablgrenSet Part 0/Position screen usingRe Auto key. This
allows you to probe various surfaces to definepine coordinate system. Multi-axis and multi-sagfgorobing
cycles are available on a separate screen, acleeksiim Set Part 0/Position with ti® - Probekey or fromF4 -
Probe in the digitize screen. These allow you to lodatecenter points and corners of differently skigperts.

Brushless motor notdf you experience excessive vibration on a bresildrive system, use Parameter 10 to selec
smooth deceleration in probing moves. See Chdgtéor more information.

WCS #1 (G54)  Current Position (Inches) Job Name: flange.cnc

X +6.2140 recve 1000
Y +0.0000 ™ &
Z +0.0000

Set Part OfPosition

1) Select Axis with F1
2} Jog to Touch Off on Part
3) Edit the Value if Necessary
4) Press F10 to Set Position
Axis Part Edge Finder Approach
Position Diameter From
X 0.0000 0.0000

Part
Pos
X —+
WCS #1 (G54)
Press SPACE to change

Next Prev Next WCS
Axis Auto Prabe WCS Wes CSR Table Set

F1 F4 F5 F6 F7 F8 F9 Fi0

WARNING: Before manually jogging any probe, make swe the machine Feedrate is slow (less than 10
in/min) or damage to the probe may result!

Automatically Setting Part 0

Part zero can be found using the probe. Makeyureprobe height and diameter offsets are sethfotool
number you assigned to the probe and that parati2terset to that tool number. The Edge Findentgiter will
be set automatically.

To set part 0 using the probe:

1. Select the current work coordinate system bggingF6 — Prev WCSor F7 — Next WCS Then select the axis
you want to probe by pressiiid — Next Axis

2. Manually jog the probe about 1/2 inches awaynftbe surface you wish to define. Make sure th@agch
direction to the part is set properly. Probe thlected axis by pressirigt - Auto. When the surface is found, the
control will assume this point to be the new axis 0
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3. If you want this probed surface to be somethiiffgrent than 0, enter the value by the usingwarkeys to
highlight Part Position, and then type in the vadue pres§10 - Set

Repeat steps 1-3 to set the remaining axes usingrtie. Any previously entered Edge Finder Diamatd ool
Number value will be discarded.

Finding Center/Corner Points
To enter the Probing Cycles screen, pfé€ss Probefrom the Set Part O/Position screen. You can &ta center
of a bore, boss, slot, or web. You can also finéhaide corner, outside corner, or a single aXige corner points

don’t even have to be right angles! The Edge Fildemeter doesn’t need to be entered since thedescplace
the probe directly over the center or corner ofgiag.

Calibrating the Probe Tip Diameter

You can calibrate the probe tip diameter to compenfor pre-travel (the amount that the probe dedflbefore it
actually trips). Simply enter a probe tip diameaitzero, probe out a precision bore with a knovemrabter, and

enter the difference between the reported boreetiamand the found bore diameter as the actuakpipb
diameter.

Probing Cycles

You can enter the Probing Cycles screen from ettieSet Part O/Position screéib (- Probé or the Digitize
menu E4 - Probg. The Probing Cycles screen is shown below:

WCS #1 (G54) Current Position (Inches) Job Name: 2axtst05.cnc
Tool: T3 H--
X -1 . OOOO Feedrate: 100%
Spindle: 0 A
Y 1.0000 ...
305 Processing...
Z +1.0000 2=
L]

306 Job finished
301 Stopped

Probing Cycles

Probe diameter (Tool #10): 0.0000

Bore Boss Slot Web In Out 1 Axis Angle

Corner Corner
F1 F2 F3 F4 F5 F6 F7 F8

The probing cycles will report the location and dimsions, as applicable, of the probed featurdlimating dialog
box. The dimensions are adjusted to compensatbdqurobe tip diameter, entered in the Offsetaiipi(see
Parameter 12). For your convenience, you cartlegliprobe diameter on this screen, as long asabeNumber,
as set in Parameter 12, is not 0. During the ppbycles, the probe will move at speeds specifid@arameters
14 and 15. Refer to the Probe Parameters seetienih this chapter for more information.
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F1 — Bore Presg-1 - Boreto enter the Bore screen. A picture similar ® dme shown at right will appear,
with instructions. Follow these steps:

1 - Make sure the probe is clear of any obstacles.

2 - Manually jog the probe inside the hole. Thebgrtip should be just below the top edge of thitasa.

3 - PresCYCLE START to start the probing.

At the end of probing, the probe will be positioregdhe center of the bore, and the X and Y passtiwill be
shown on the screen.

Pres€=SCto return to the Set Part 0/Position screen dtigigscreen.

F2 — Boss Press-2 - Bossto enter the Boss screen. A picture similar toftilewing will appear, with
instructions and two input fields. Follow theseps:

1 - Presd-1 - Orient to select the orientation of the probe with resp@the Boss. You will see one of the screens
shown below.

2 - Slowly jog the probe to the approximate oriéintaas shown in the picture. Be sure to give ghagpace for
the probe tip to clear any obstacles during the jog

3 - Enter the approximate Boss diameter.

4 - Highlight the Z clearance amount by pressirggdbwn arrow key. Enter approximate distanceh@n
direction) the probe must move to lift up over Buss.

5 - Pres€CYCLE START to start the probing cycle.

e/

If the Z clearance you entered is too small, tlaberwill stop and show an error message. Corregbtbblem by
repeating the previous steps. If the approximameter you entered is too small, the probe willrze by 10
percent of its diameter across the top surfacé iveither finds the correct edge, the additiotigtance searched
is equal to Parameter 16, or a travel limit is heat

Once the probing cycle is complete, the probelalpositioned at the center of the boss at thearahce level
entered. PredsSCto return to the Set Part 0/ Position screen gitidé screen.
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F3 — Slot Press=3 - Slotto enter the Slot screen. A picture similar t® ¢imes shown will appear along with
instructions:

1 - Pres$-1 - Orient to select the orientation of the probe with respethe slot.

2 - Slowly jog the probe to the approximate positstiown in the picture. During this jog, makeesyou have
enough space between the probe and the part.

3 - PresCYCLE START to begin probing.

Once the cycle is finished, the probe will be ledsat the center of the slot. Pr&SC to return to the Set Part 0 —
Position Screen or digitize screen.

N

7 2\ &

| I

F4 — Web Pres$4 - Webto enter the Web screen. A picture similar toftlewing will appear,
with instructions and two input fields. Follow geesteps:

1 - Pres$-1 - Orient to select the orientation of the probe. You w#k one of the screens shown below.
2 - Slowly jog the probe to the approximate positstown in the picture.
During this jog, be sure to give enough sp@ateveen the probe and the part.
3 - Enter the approximate Web width.
4 - Highlight the Z clearance value using the ud@wvn arrow key. Enter
approximate distance the probe has to trawvetder to lift up over the Web.
5 - Pres€CYCLE START to start the probing cycle. Once the probe haspbeted
its search, it will automatically positionttee centerline of the web.

If the Z clearance you entered is too small, tlwerwill stop and show an error message. Corregbtbblem by
repeating the previous steps. If the approximatithnyou entered is too small, the probe will boeiby 10
percent of its width across the top surface uhélither finds the correct edge, the additionalattise searched is
equal to Parameter 16, or a travel limit is reached

Once the probing cycle is complete, the probebélpositioned at the center of the web, at theedreince level
entered. PredsSCto return to the Set Part 0/ Position screen gitidé screen.
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F5 - In Corner (Inside Corner) Press$5 - In Corner to enter the Inside Corner screen. One of the
pictures will appear with instructions. This cy@esimilar to that of a slot cycle; the main
difference is that you need to enter a clearancauain

1 - Pres$-1 Orient and the screen will cycle through one of the profientations shown here.

2 - Enter the clearance Amount. This is an appratendistance (in the Z direction) the probe musterto clear
the corner

3 - If the corner is rounded, jog the probe farwggioaway for it to miss the curved area duringptebing cycle (at
least twice the corner radius).

4 - Pres€CYCLE START to start the probing cycle.

At the end of the probing cycle, the probe willgzesitioned above the corner at the Z clearance éntered. Press
ESCto return to the Set Part 0/ Position screen gitide screen.

F6 - Out Corner (Outside Corner) Press=6 — Out Corner to enter the Outside Corner screen. A picture
similar to the following will appear, with instruons and two input fields.

Follow these steps:

1 - Presd-1 - Orient to select the orientation of the probe with resp@the Corner. You will see one of the
pictures shown.

2 - Presg$-2 - Sideto select which side of the corner the probe béllpositioned near. You will see the screen
change.

3 - Slowly jog the probe to the approximate positas shown in the picture. Be sure to give enqughe
clearance.

4 - Select the Z clearance field using the arroyskeEnter the approximate distance the probedaavel in order
to lift up over the corner.

5 - Select the Distance to Corner amount usingither down arrow keys. Enter the approximate distdrom the
corner the probe is along the X or Y axis.

6 - PresCYCLE START to start the probing cycle.

Once the probe has completed its search, it widsitioned above the corner at the Z clearancespeaified.
Pres€ESC to return to the Set Part 0/ Position screen gitide screen.
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F7 - 1 Axis (Single Axis) Presg=7 - 1 Axisto enter the Single Axis screen. Follow thespsste

1 - Pres$-1 - Orient to select the orientation of the probe. You wik one of the screens shown below.
2 - Slowly jog the probe to the approximate positas shown in the picture. Be sure to give enqughe
clearance.

3 - PresCYCLE START to start the probing cycle.

Once the probing cycle is complete, the probe milve away from the surface by the amount in Paremi&x. The
probed position will be shown on screen. PEESE to return to the Set Part 0/ Position screen gitidé screen.

F8 — Angle— Use this feature to measure an angle from basédprobed points.
Follow these steps:

1 - Pres$-1 - Orient to select how the angle is to be measured.

2 - Slowly jog the probe to the first position &®wn in the picture. Be sure to give enough prdearance.
3 - Select Auto or Jog between points.

4 - Enter the distance to second point.

5 - Enter a clearance amount away from the surface.

6 - Pres€CYCLE START to start the probing cycle.

/u—l

/l
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Probe / TT-1 Parameters
Various probing parameters can be set on the Madhamameters screen (see Chapter 14). Make surenyer
these parameters before you begin using the prodberaTT-1. If these parameters are not enterefdepty,
damage to the probe or TT-1 may result.

Probe Type (Parameter 155} This specifies the probe type being used. féesis to be set to O if you are using
a standard Mechanical prabe

Probe PLC Input Number and Contact State (Parameterll) - A single value, +/-1 through 240. A positive
number indicates Closed on contact; a negative eumbdicates Open on contact.

TT1 PLC input number (Parameter 44) - This parameter is the input number that the iEMired into on the
PLC. If a shared PLC input is used for both théd. 'Bhd the probe, then the value can be left at@eset to the
same value as parameter 11.

Probe Tool Number (Parameter 12} A single value, 0 through 200, used to look hp length offset and tip
diameter of the probe in the Offset Library.

Recovery Distance* (Parameter 13} The additional distance the probe moves off siiface after contact is
broken, before attempting to traverse parallehtodurface.

Fast Probing Rate* (Parameter 14) Used for positioning moves and initial surfaegedttion, this parameter is
determined by machine response and permitted mtetbection as well as desired tolerance. The de$atting is
25 inches/min.

Slow Probing Rate* (Parameter 15) Used for final measuring moves, this parameteietermined by a
speed/accuracy tradeoff. The default settingGsr&hes/min.

Maximum Probing Distance (Parameter 16} The maximum distance that a probing cycle "desstfor a
surface in a given direction if no travel limitsMesbeen entered. The default is 10 inches. A fargie should
be entered for the hole and slot cycles if youraeasuring very large features.

Detector Location Return Point (Parameter 17} A Zero (0) indicates that tool measurement taile place at
the current position, a 1 or 2 indicates the nunalb¢he G30 reference point to use which spectfiesX, Y
location of the TT1 (WCS Configuration).

*Mechanical type probe only. Please see the D$P pyobe section below for differences.
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DSP Probe Parameters
When using a DSP type probe (such as DP-4D), afathe probing parameters have a slightly diffetsgtiavior

than described above. These differences are heled:

Probe Type (Parameter 155) -This specifies the probe type being used. Thislsié®be set td for aDP-4D
probe or set t@ for aDP-7 probe.

Repeatability tolerance for probing and radial digitizing (Parameter 151)— used for DP-4 probes. Must be set
to O for DSP probes.

Grid digitize prediction minimum Z pullback (Parameter 121)— set to 0.035 for DSP use.

Recovery Distance (Parameter 13} Works as described above but additionally idusgthe distance to retract
for a retry after a failed window (does not apmyM115/116/125/126 moves) (Default for DSP is 0.08pte: If
probing small bores this parameter may need tetheced accordingly.

Fast Probing Rate (Parameter 14} When using a DSP type probe, this is actualyrétte at which the probe
will move “in-between” actual probing moves. Fostance, if you were probing a boss, this is the aawhich

the probe will travel for the following moves:

When retracting from the surface after a pointieesn probed.

When retracting to the Z clearance position.
Rate at which it will traverse across the diamefahe boss at the Z clearance height.

Plunge rate to get to probing depth.

bR

Note: When measuring a TOOL with the TT1, the badrasg identical to that listed above.

Slow Probing Rate (Parameter 15} Used only when measuring a TOOL with the TT-1.

Additional Probe Parameters for DP-7

For the DP-7 probe (parameter 155 = 2), the folhgnadditional parameters are utilized:

DP-7 Pullback Distance (Parameter 392) This sets the distance the probe moves off tfr@mrsurface after a
probing move.

DP-7 Pullback Feedrate (Parameter 393} This sets the feedrate for the pullback move.

DP-7 Measuring Feedrate (Parameter 394} This sets the feedrate for the slow measuringemo
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Chapter 10

Intercon Software
Introduction

Intercon (Interactive Conversational) softwarewtosou to quickly create a part program right at¢bntrol without
having to be a G-code expert. Intercon will proygt to enter values from your print that descrithesgeometry of
the part. Intercon will display graphics of thetges you are creating it, helping you quickly pred through part
programming. Intercon can then generate a G-coatrgm from the geometric information you have exde

You can purchase an offline version of the Intersoftware for use on your desktop PC. You willché@purchase a
hardware key, which will allow the offline versiom run. Simply plug the key into the computer, afisthe required
drivers, and run it.

Intercon Main Screen

When you access Intercon through fte- CAM option in the CNC software Main screen, the pesgpam will be
displayed if the current job loaded in CNC softwhael an associated Intercon program. If the j@birfiithe CNC
software did not have an associated Intercon pnogtiaeF1 - File menu will be displayed to load or create a file.

(" / 0 1

#itt &
HiH ( # #HHH # 1 +,
it # tHHHE # HHHE # HHHE
g )+ ## H# # H#HH
HHtt #H # #
HHtt #Ht # +,

% #

When the part program is displayed, different ofiena can be navigated and highlighted for add#i@ctions by
using the arrow keys, and th®OME , END, PAGE UP andPAGE DOWN keys.
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File Menu (Intercon Main Screen F1 — File)

F1 — File Choosing=1 - Filewill display the screen below. Intercon stores peograms with an extension of
.icn. For example, if you choose to name your paw program flange, Intercon will save the progeasrilange.icn.
ICN files are only readable by Intercon.
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F1 - File

F1 — New To program a new part, chodsg —New. A prompt will be displayed where the name

of the new program can be typed, followed byRieé - Acceptor ENTER key to accept the new name can be
entered. You can enter who the programmer is, grano description, the units of measure and the date

Load Menu (Intercon Main Screen F1 — File

F2 — Load)

10-2

F1 - File F2—Load When you presB2 - Load, the screen below is displayed. (Shown with det&IN”)
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To navigate the files in the load menu, use thevakeys to move the cursor around and highlighfiteego be

loaded. ThedOME , END, PAGE UP andPAGE DOWN keys can be used to navigate the list of fileemis that
are bracketed, for example [..], are the namesgretibries in the current directory, which is desgd at the top of the
screen.

It is also possible to start typing the name ofghegram to be loaded. When typing has startedchiaracters appear

in the “File to load:” prompt above the functionyke Different drives and directories can be aag$y typing in the
path at the “File to load:” prompt, or by pressktp or ENTER on a bracketed directory name. When loading a new
file, a prompt will be displayed asking whethestwve the existing file if there was one.

Additional Load Menu options are detailed below:

F1 — G code/ICN Allows user to toggle the view between the Interfias present in either c:\intercon or
c:\cncm\ncfiles.

F2 — Floppy USB/LAN Provides options for loading Intercon files fromBJ8evices, floppy and LAN drives.

F3 — Details On/Off TheF3-DetailsOn/Off option changes the format of the display suchelhah file or directory
is on a separate line and there are columns disgleyy Programmer, Description, and Date Modifiesl, the
information that is contained in the program heagearation.

F4 — Show recent Use thé=4—Show Recenbption to show the 15 most recently loaded Interaod g-code files. It
is important to remember that even though g-cdds fire displayed on this screen, ONLY Intercogsféhould be
loaded from this screenWARNING!!! Attempting to load a g-code file from the “Showdgat” screen will cause an
error which will discard the current Intercon pragr. All unsaved changes will be lost. If you ddcaccidently load
a g-code file, press escape to return to the nma@rdon menu.

F5 — Date/Alpha UseF5-Date/Alphato view files either alphabetically or by date nfati. By default, programs
are listed in ascending alphabetical order.

F6 — Edit Opens the selected file in Intercon for editing.

F7 — Help On/Off Displays on screen help for the load menus.

F8 — Graph Graphs the selected file.

F9 — Advanced Displays file menu in a comprehensive “all in ofi@mat similar to Windows Explorer

File Menu (Intercon Main Screen F1 — File, continued from pg 10-2)

F1 - File F3 — Save Press3 - Saveto save the current part program. The currergram will be saved
under the specified name.

F1 - File F4 - Save AsPress4 — Save Ago save the current program with a different naffigpe the
new name into theSave part as’ prompt that appears above the function keyghdfnew name already exists, a
prompt will be displayed as a warning and will gttae option to overwrite the existing file or retup enter a
different name.

F1 - File F5 — Delete Press5 - Deleteto delete a file. AfteF5 - Deleteis pressed, the screen will appear
as in the~2 - Load option where you can be to navigate the filesye8/no prompt will appear after accepting a file
for deletion for final confirmation.
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F1 - File F9 - Details on/off TheF9 - Details On/Off changes the format of the display such that each
file or directory is on a separate line and theeee@lumns displayed for Programmer, Descriptiowl, Bate Modified,
i.e., the information that is contained in the perg header operation.

Intercon Main Screen (continued from pg 10-1)

F2 — MOdify Choosing F2 - Modify from the Intercon main memill allow the currently highlighted operation
to be modified. When an operation is modified, fiblls for that operation are displayed on thétrigand side.

When modifying an operation, the PAGE UP and PAGBAIN keys can be used to move up and down through th
Intercon operations listed on the left hand sidthefscreen.

F3 — Insert Choosing F3 - Insert will insert a new operati@fiore the operation that is currently highlighted
unless the highlighted operation is the first operain which case the inserted operation will beerted as the second
operation. For more information on the operatiaesIasert Operations later in this chapter.

F4 — Cut Choosing F4 - Cut will cut (remove) the highligth operation from the program. The operation ithat
cut is placed onto the clipboard stack.

F5 — Paste Choosing F5-Paste will paste the last operdtiahwas cut or copied into the clipboard stack the
current program line that is before the highlightge@ration. The number of operations that areectisr in the
clipboard stack are indicated by the number inRthste key. As long as you stay in Intercon, thebohrd stack will
remain intact. You may cut and copy operationmfome program and paste them into a different airogr

F6 — Copy Choosing F6 - Copy will copy the highlighted oatéon into the clipboard stack and advance the
cursor to the next operation.

F7 — Copy Menus... Choosing F7 - Copy Menus... will display theseitiddal options:

F1 - Copy Menu Allows a range of operations to be copied. Spebe Start Block, End Block, and
Destination in the prompts that appear in the Qdpyu. The range of operations is copied into atioa that
precedes the destination block.

F2 - Move Menu Allows a range of operations to be moved. Spabié Start Block, End Block, and
Destination in the prompts that appear in the Mdesu. The range of operations is moved into a lonahat
precedes the destination block.

F9 - Clear Clipbrd Removes all operations in the clipboard stack.

F8 — Graph Choosing F8 - Graph will graph the current pamgr The graph is the same as what would be
produced if the current program were translatea @#codes and graphed from the CNC software. &hdrilling
cycles are shown in gray. Rapid traverse movenaetshown in red. Feedrate movements are shoyeilow and
cutter compensated moves are in gray.
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F9O — Setup Choosing F9 - Setup will display the Setup mesiere certain options can be set. The Setup menu
appears as below.

Intercon Setup
Comment Generation :
Clearance Amount : 0.1000
Spindle/Coolant Delay : 0.20
Corner Feedrate Override : 50.00%
Modal Linear : No
Modal Arc : No
Modal Drill/Bore/Tap : No
Rotary 4th Axis : No
DRO Units : Inches
Machine Units : Inches
Help Icons always on : No
Cutter Comp Look-ahead : 3

Use the up and down arrow keys to move. ClearAnoeunt, Spindle/Coolant Delay, and Corner Feedtaterride
require a value to be typed in. The other fieldeehiaxed values that may be toggled by usingRhe Togglekey.

Comment GenerationWhen this field is set to Enabled, Intercon illt a comment describing the operation type
before each block. Disabling Comment Generatidhmake the CNC files generated by Intercon smaller
Clearance AmountThis is the distance that Intercon raises ttexi8-above the programmed surface height in
pockets, facing and frame mills when traveling asrthhe work piece.

Spindle/Coolant Delay Set this delay to the time in seconds you watgrton to wait for the spindle to get up to
speed and the coolant to begin flowing.

Corner Feedrate Overrid€his is the percent feedrate that will be useth@corners of rectangular pockets and inside
frame mills. The default value is 50%.

Modal OperationsThese options specify whether to automaticalberthe same operation after the first has been
accepted. Once modal insert mode has begun, p8%S$0 insert a different operation.

Rotary 4" Axis: This option specifies whether or ndtdxis movement fields appear in Linear and Rapigea@and
whether or not the Intercon program will poStakis movement. This option affects the value e4haxis
configuration only (parameter 94). Note that alijimintercon is restricted to working with 1 rotais at a time, it
can be directed to utilize th& Bixis as its rotary axis instead of tHe 40 make Intercon to utilize th& Bxis as its
rotary axis instead of thé"4xis, the # axis configuration (parameter 94) must have itarsoproperty turned off (bit
0 = 0) and the 5th axis configuration (parametd) T6ust have its rotary property turned on (bit D)= See chapter
14 for details about parameters 94 and 166.

DRO Units Specifies the Units used for the DRO. It affabts corresponding field in the Control Configuoati
Machine Units Specifies the Units used for machining. It af$ete corresponding field in the Control Configiuna
of the CNC software. The posted G-code will congaG20 for Inches mode and a G21 for Metric mode.

Help Icons always anToggle between yes or no. Selecting “yes” mahashelp information will always be
displayed when editing operations. “No” means ttwat will have to press a key to get help. Whe#wgrto “yes” or
“no”, the help screens can always be toggled aoffdsy pressing th&5 - Help key when editing an operation.
Cutter Comp Look-aheadThis sets the number of segments that can segahead when Cutter Comp is turned on.

F10 — Post choosing F10 - Post will post the current pragraPosting is the process of converting the ofmrst
into G-codes. When the posting process is conthlétéercon is exited. The Intercon program i® &aved as part of
the posting.

M-Series Operator’'s Manual 4/9/2015 10-5



Insert Operation (Intercon Main ScreenF3 — Insert)

When you presBE3 - Insert, or when you choose New Part from the Main Scrgea will see the Insert screen:

Intercon Mill vi.25 Current Part: E_Z_PART.icn
QOperation End

# Type X Y z [Select operation to insert...
0001 ;Demo Program
\ |
0002 End Prog 0.0000 0.0000 Home

Rapid Linear Arc Tool CVIC.I.ES Ot.ll1ler %‘:)t:r% Subf).gm

F1 F2 F3 F4 F5 F6 F7 F9

The new operation will be inserted right before ¢herently highlighted one. The operation types trou can insert
are listed across the bottom of the screen.

M-Series Operator’'s Manual 4/9/2015 10-6



F1 - Rapid Traverserress F1 - Rapid from the Insert Operation scteénsert a Rapid Traverse. You may see
the following screen:

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End NOQO2 Rapid Traverse
# Type X Y z
0001 ;Demo Program End X: 0.0000
0002 Rapid | Y: -5.0000
0003 End Prog 0.0000 0.0000 Home Z:
Angle : 270.0000°
Length : 5.0000
e | Home nelp | Al Graph | Tl | Accept
Fl F2 F5 F6 F8 Fo F10

End: When you first access the rapid traverse scteercursor will be highlighting the first field, BrX. This is the
X coordinate of where the cutter will be after thpid traverse has been completed. Similarly,  Amepresent the
coordinates of the cutter after the rapid travessmmpleted. The angle and length fields wilcbenputed if you
choose to enter the end point of the move.

Angle: The destination may also be specified in terms odunterclockwise angle from the three o'clocitmm.
When combined with a length for the current molae,¢orresponding X and Y coordinates for the dastn will be
calculated and placed in the correct fields. Thegtination will remain unchanged, however.

Length: The length of the rapid traversal. When combiwét the angle of the current move, the correspanX
and Y coordinates for the destination will be cldted and placed in the correct fields. The Zidatbn will remain
unchanged, however.

TheF1 — Abs/Inckey toggles between incremental and absoluteiposig modes in any of the fields where a
positional dimension is needed. For example: XoryZ-axis dimensions can all be in incrementalosolute
coordinates, or a mixture of both. The length andle fields cannot be incremental. These fieldsasolute values.

TheF2 - Z Homekey may be used on the Z destination field tdheeending Z coordinate to the Z home position.
This means that no matter what you're Z home vida the time that you run your program, the fingdosition will
be the Z home position.

When you are finished entering all of the dimensifor the rapid move, pref40 - Acceptto accept the operation
and return to the Insert Operation screen.

NOTE: When making rapid moves, if a Z destination ligher than the current cutter position is specified the
cutter will first be raised to the destination Z pgsition, and then move linearly in X and Y to arriveat the
destination. If a Z destination lower than the curent cutter position is specified, the cutter willmove linearly in
X and Y first and then plunge Z to the destinationZ position.

NOTE: The Rapid traverse operation can have rotanyfields, if you have a rotary fourth axis. The rotar field
descriptions are the same as that of the Linear Mibperation.
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F2 - Linear Mill If you press F2 - Linear from the Insert Openatcreen, the following screen appears:

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End NOOQOG6 Linear
#  Type X Y z

0001 ;Demo Program End X 7.0000

0002 Rapid 0.0000 -5.0000 0.1000 Y: 3.0000

0003 Tool #1 0.0000 0.0000 Home Z: 1.0000

0004 Line 4,0000 0.0000 1.0000 | Angle 18.4349°

0005 Line 4.0000 2.0000 1.0000 | Length 3.1623

[0006 Line || Connect Radius : 0,0000

0007 End Prog 4.0000 2.0000 Home | Feedrate : 12.0000
Toggle Help ﬂ:fs Graph 'Il:qe;é:g Accept

F3 F5 F6 Fs F9 F10

The numbers in the different fields on the scremmespond to the following Linear Mill example shoWwere

J S LSS
sl s nfl

s

nd: When you first access the linear mill screen cinesor will be highlighting the first field, End. XThis is the X
coordinate of where the cutter will be after theeir move has been completed. Similarly, Y andpfasent the

coordinates of the cutter after the linear movenisipleted. The angle and length fields will be pated if you
choose to enter the end point of the move.

, L
/

X

Angle: The destination may also be specified in terms odunterclockwise angle from the three o'clocitmm.
When combined with a length for the current molie, dorresponding X and Y coordinates for the dason will be
calculated and placed in the correct fields. Thegtination will remain unchanged, however.

Length: The length of the linear mill. When combinediwiihe angle of the current move, the correspondiagd Y
coordinates for the destination will be calculaaed placed in the correct fields. The Z destimatidl remain
unchanged, however.

Connect Radiusif you are performing two linear mill operatioasd you wish to have a rounded ‘corner' between
them instead of a sharp peak, you may enter thesad the ‘corner' and Intercon will insert an between the linear
mill operations. This connect radius also workstfiending a line into an arc operation.

Feedrate:Speed at which the cutter moves.
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The feedrate can be toggled to modal, fixed, aresl@his is indicated by the symbol beside the faiedfield. If the
feedrate is modal then it will have the “M” symlaolif it is fixed it will have the “F” symbol showhelow. The slave
feedrate has no symbol and is set to the last nfeddtate set in the program, when the modal féediaanges all the
following slave feedrates change until the next atdeledrate is encountered.

M [E

If you have a fourth axis installed and it is rgtaadditional fields are shown for Linear Mill opdions after the
feedrate field.

DegreesThe number of degrees you want to move the r@tgig;, This value can be positive or negative ded t
movement of the rotary axis will depend on themagon of the axis.

Minutes: The number of minutes you want to move the rotaiig. Values for this field are between 0 and 59.

SecondsThe number of seconds you want to move the rataig; Values for this field are between 0 and 59.

Decimal degreesthis is another method of entering the numberegjréles. If you choose to enter the movement of
the rotary axis with the fields listed above, tladue of this field will be calculated automaticallif you choose to
enter the number of degrees with this field or matkanges to it, then the degrees, minutes and deauiti be
calculated or changed automatically. Values fi fileld can be positive or negative.

Rotary movement defaults to zero degrees, increaghefb enter an absolute (rather than incremergdyy position,
you must presk1l - AbgInc to toggle to absolute.
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F3 - Arc Mill

If you press F3 - Arc for Arc Mill from the IngeOperation screen, the following screen appears:

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End NOOO7 Arc
# Type X Y z
0001 ;Demo Program Arc Type :EP &R
0002 Rapid 0.0000 -5.0000 0.1000 | Mid b 8.5000
0003 Tool #1 0.0000 0.0000 Home Y: 4.5000
0004 Line 4.0000 0.0000 1.0000 Z: 1.0000
0005 Line 4.0000 2.0000 1.0000 | End X 10.0000
0006 Line 7.0000 3.0000 1.0000 Y: 3.0000
[boo7 _Arc Cw | Z: 1.0000
0008 End Prog 7.0000 3.0000 Home |Center b 8.5000
Y 3.0000
Z: 1.0000
Angle : 180.0000°
Radius 1.5000
Plane T XY
Direction : CW
Caonnect Radius 0.0000
Feedrate 20,0000
Angle <= 180
Toggle Help I\H’I:::E Graph Iqeoaé:g Accept
F3 F5 F6 Fg F9 F10

The numbers in the different fields on the scremmespond to the following Arc Mill example showerk

gl’aphica“y:
...

8.33,1)

, L

/ a3.0 / (10,3,y
X

Operation Type:There are four ways to specify your ARC: usingeadpoint and a radius (EP&R), using a center
point and an angle (CP&A), using a center pointameénd point (CP&EP), or using a mid-point aneéad point (3-
Point). The Three Point arc is designed to be usednjunction with Teach Mode. When specifyingaaticular

kind of arc, you will not be able to modify certdields. For example, if you are specifying an goidt and a radius,

you will not be able to modify the mid point, cenpint and angle fields. This is because Interaoulates the
correct values for these fields.

Mid: The X, Y, and Z coordinates of a point on thepath somewhere between the start point and end @icihe
arc. You will be able to modify this field only whepecifying a Three Point arc. Also, the coordirtaait does not lie
in the plane of the arc cannot be edited; it i®anattically calculated.

End: The X, Y and Z coordinates of where the cuttdl @ once the arc move is complete. You will betable to
edit this field if you are specifying a center gaamd angle (CP&A) arc.

Center: This is the X, Y and Z position of the centetlud arc. You will not be able to edit this fiefd/ou are
specifying an end point and radius (EP&R) arc ®heee Point arc. Also, the coordinate that doddi@an the plane
of the arc cannot be edited; it is automaticallyried forward from the last operation.
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Angle: Number of degrees through which the cutter wdiVel. This value must lie between 0 and 360 degré’ou
will be able to edit this field only if you are spiying a center point and angle (CP&A) arc.

Radius: Distance from the center of the arc to its edfkis value must be greater than 0. You will dndyable to
edit this value if you are specifying an end paintl radius (EP&R) arc.

Plane: This determines whether the arc is to be millethe XY-, ZX- or YZ-plane. If any of the Z coordite values
are tied to the Z home position, only XY-plane aray be selected.

Direction: Determines whether the arc moves clockwise (CW¢panterclockwise (CCW). Note that the directain
XZ arcs is judged looking Y+ (i.e. from the frorfttbe machine). This is natural, but it is oppesit the way arcs are
specified in G codes. Intercon automatically makéstranslation when it generates CNC codes.

Connect RadiusThis field works like the Linear Mill connect riad. It allows for the blending of an arc into thext
line or arc operation.

Feedrate:Speed at which the cutter moves.

The feedrate can be toggled to modal, fixed oreslthis is indicated by the symbol beside the fetediield. If the
feedrate is modal then it will have the “M” symlaolif it is fixed it will have the “F” symbol showhelow. The slave
feedrate has no symbol and is set to the last nfeddtate set in the program, when the modal féedtaanges all the
following slave feedrates change until the next atideledrate is encountered.

M [E

Angle <= 180°: For end point and radius (EP&R) arcs, this fidddermines whether the arc is to be less than (GES)
greater than (NO) 180 degrees.
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F4 - Tool Functionswhen you select the tool functions by pressig Fool the following screen appears:

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End NO0O3 Tool Change
# Type X Y z

0001 ;Demo Program Tool Number : 1

0002 Rapid 0.0000 -5.0000 0.1000 | Description :.325 end mill

0003 Tool #0 || Position X: 0.0000

0004 End Prog 0.0000 -5.0000 Home Y: 0.0000
Tool H Offset 1
Tool Height : -1.1234
Tool D Offset : 1
Tool Diameter : 0.3250
Spindle Speed : 3000
Spindle Dir. P CW (M3)

Coolant Type : Flood (M8
Actual Change? :

Toggle Help I\H'Igfg Graph I’Iec?ctl:g Accept

F3 FS F6 F& Fa F10

The following parameters for this tool change aréadlows:

Tool Number: Number of the tool (between 1 and 200) to usetefing this value pulls the current settings fos t
tool from the CNC software tool library. You mdyen edit the length offset, diameter offset andnaier values if
you wish to redefine your tool. The length valsi@ot editable.

Description: Description of the tool selected above, fromttiw library.

Position: X and Y coordinates for the place at which tha tthange will occur. This should be a place aictithe
current tool can be removed from the quill andribe tool can be inserted.

Tool H Offset: Index in the offset library (between 0 and 200he actual tool height offset.

Tool Height: Tool height associated with the H offset seleetiedve. This field is not editable.

Tool D Offset: Index in the offset library (between 0 and 200he actual tool diameter.

Tool Diameter: Tool diameter associated with the D offset sel@etbove.

Spindle SpeedSpeed at which the spindle will rotate when thiedle is started after the tool change.

Spindle Direction: Direction in which the spindle will turn afteratool change. If this is set to CW or CCW, the

spindle will be started automatically after theltclmange. Preds3 - Toggleor SPACE to toggle between CW, CCW,
and Off.

Coolant Type: Type of coolant to activate after the tool chantjehis is set to Flood or Mist, the selectedlemt
system will be started automatically after the twhnge. Preds3 - Toggleor SPACE to toggle between Flood,
Mist, and Off.
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Actual Tool Change:Determines whether an M6 code is generated (anga&® during the tool change. If you do not
want to remove the current tool, but instead wartlter its diameter or length offsets (e.g. foinda finish pass
while using cutter compensation, you may want ®aisiameter offset which is slightly larger thhe &ctual tool for

the first passes, then use the actual tool dianfietéhe finish pass), answer No to this questiSpindle and coolant
will not be automatically turned off if you answio here.

Presd=10 - Accept PageUp, orPageDown when you are finished to accept these values ae whanges to the
tool library. If you have changed any field othieart the Tool Number of the Actual Tool Change fi@gbosition,
you will make changes to the CNC software Tool arlgr At the end of the program, Intercon always twfighe

spindle and coolant and returns the Z-axis to thraéhposition. These codes do not need to be erdetbd end of
your program.

F5 - Canned CycleSNhen you choose the Canned Cycle operation éssprg F5 - Cycles, the following screen
appears:

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End
#  Type X Y z
0001 ;Demo Program
0002 Rapid 0.0000 -5.0000 0.1000
0003 Tool #1 0.0000 0.0000 Home
0004 Line 4.,0000 0.0000 1.0000
0005 Line 4.0000 2.0000 1.0000
0006 Line 7.0000 3.0000 1.0000
0007 Arc CW 10.0000 3.0000 1.0000
‘0008 Tool #2 0.0000 0.0000 Home |
0009 End Prog 0.0000 0.0000 Home
Drill Bore Ta Rect. Circ. Clean-
p Face Pocket | Pocket | Frame | Thread out
F1 F2 F3 F4 5 F6 F7 Fg Fg
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Canned Cycle Introduction #1: Using Pattern anpede
(Drilling, boring, tapping)

SelectingF1 - Drill will give you four choicesF1 — Drill, F2 — Drill BHC, F3 — Dirill Array, or F4 — Drill Repeat.
F2 - Bore andF3 - Tap will have the same menu selections as drill exttegt will display Bore or Tap cycles

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End

#  Type X Y z
0001 ;Demo Program
0002 Rapid 0.0000 -5.0000 0.1000
0003 Tool #1 0.0000 0.0000 Home
0004 Line 4.0000 0.0000 1.0000
0005 Line 4.0000 2.0000 1.0000
0006 Line 7.0000 3.0000 1.0000
0007 Arc CW 10.0000 3.0000 1.0000
‘0008 Tool #2 0.0000 0.0000 Home |
0009 End Prog 0.0000 0.0000 Home

orill Drill Drill Drill

BHC Array Repeat
Fi F2 F3 F4

All canned cycle operations using the Drill BHC (Bdole Circle) or Drill Array are identical to tireequivalent
using theF1 - Drill single hole selection. The use of the Drill BHDuwill Array, however, offers the option to drill
more than one hole in a pattern dictated by thefiedds in the menuF4 - Drill Repeat allows the user to repeat a
set of holes with a different type drilling, boringtapping operation with out re-entering the X¢dbrdinates.

The Bolt Hole Circle and array patterns are exgdigraphically in the following figure:

Start X,Y Inc X
1 on
Angle Q I"'xg,f" 3
Center
Radius .h \|
oles # holes Incy
Y X
Bolt Hole Circle Array
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Canned Cycle Introduction #2: Linear RepetitiorOgferations

(Drilling, Boring, Tapping)

If you want to perform one operation several tinmea linear pattern, simply define Position X, Yhmth as

incremental values. To do this, use Bie— Abs/IncKey. This key will toggle the Position value mdagtween

incremental and absolute. If you define X and/@asvincremental values, a new field will appeairaskor the

number of holes:

Intercon Mill v1.25

Operation End
#  Type X Y z

0001 ;Demo Program

0002 Rapid 0.0000 -5.0000 0.1000
0003 Tool #1 0.0000 0.0000 Home
0004 Line 4.0000 0.0000 1.0000
0005 Line 4.0000 2.0000 1.0000
0006 Line 7.0000 3.0000 1.0000
0007 Arc CW 10.0000 3.0000 1.0000
0008 Tool #2 0.0000 0.0000 Home
D002 Drill |
0010 End Prog 0.0000 0.0000 Home

Help
FS

Math
Help
F6

Current Part: E_Z_PART.icn
NODO9 Drill
Cycle Type : Drilling
Position x 4.0000 INC
Y. -8.0000 INC
Surface Height 0.1000
Clearance Height 0.1000 INC
"Rapid to" Depth 0.1000 INC
Depth: Total: 0.5000 INC
Plunge Rate 20.0000
Dwell Time 1.00)]
Number of Holes 5
Graph -II\-erc?c‘l:g Accept
F3 F9 F10

The numbers in the fields on the screen correspmtite following example, shown here graphically:

H[“ v llilulllfflur ——3p Feed Move
v » Rapid Move
i
------------- T T S
z=0 i 5 5 §
| i | ¢
Z=-3 r [ : A
X=0 X= X=38 X=12
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Drilling (F1 in the Canned Cycle Menu: option #1)

If you press-1 - Drill from the Canned Cycle Menu, you will gain accesthtee types of drilling operations:
Drilling, Chip Breaking, and Deep Hole drilling.h& current drilling operation in use is reflectadhe field “Cycle

Type” and pressing3 - Toggleor SPACE toggles between all three. In this section wé exdamine the first option:
Drilling.

Intercon Mill v1.25 Current Part: E_Z_PART.icn
Operation End NOOO02 Drill
# Type X Y z
0001 ;Demo Program Cycle Type : Drilling
0002 Rapid 0.0000 -5.0000 0.1000 | Position X 20.0000
0003 Tool #1 0.0000 0.0000 Home Y: -40.0000
0004 Line 4.0000 0.0000 1.0000 | Surface Height : 0.1000
0005 Line 4.0000 2.0000 1.0000 | Clearance Height : 0.1000 INC
0006 Line 7.0000 3.0000 1.0000 | "Rapid to" Depth : 0.1000 INC
0007 Arc CW 10.0000 3.0000 1.0000 | Depth: Total: 0.5000 INC
0008 Tool #2 0.0000 0.0000 Home |Plunge Rate : 20.0000 M
D009 Drill || Dwell Time #  1.00]
0010 End Prog 0.0000 0.0000 Home
Help I\H’IZFE Graph 'Ir\'llegé:g Accept
F5 Fé& F8 F9 Fi0

The numbers in the fields on the screen correspmtite following example, shown here graphically:

\/\/\/\L\/\/\/ Drilling Feed move ———»
Rapid move e »
Bp Clearance Height
S P ‘Rapid To' Depth
Surface. = « T U SRR
Height
Depth
Total
-
Where:

Cycle Type: Selects one of three drilling operations: DrilirtChip Breaking, or Deep Hole drilling. Prés3-
Toggle or SPACE to toggle between the three choices.

Position: Specifies the X and Y coordinates where theidglivill take place. If either the X or Y coordieas an

incremental value, you will have the option toldmlltiple holes in a linear pattern (See Cannedl€introduction
#2).

Surface Height:Absolute Z-axis position from where each incretakdepth is measured.
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Clearance HeightThis parameter specifies the Z-axis height uskenaperforming rapid moves to the position of
each hole being drilled.

'Rapid To' Depth:The depth to which the cutter rapid moves bebaginning to drill the hole at the specified Plunge
Rate. This is below the Clearance Height but altbeeSurface Height.

Depth: Total: Depth of hole (incremental) as measured fromegerHeight.

Plunge Rate:Z-axis speed of descent during drilling.

The plunge rate can be toggled to modal, fixedawes this is indicated by the symbol beside thagé rate field. If
the plunge rate is modal then it will have the “B4/mbol or if it is fixed it will have the “F” symbo The slave plunge
rate has no symbol and is set to the last modalgelwate set in the program, when the modal pluatgechanges all
the following slave plunge rates change until tagtrmodal plunge rate is encountered.

Dwell Time: Delay at bottom of hole before starting ascent.

Drilling provides a rapid to the hole position k¢ tClearance Height, followed by a rapid Z dowth®'Rapid To'
Depth. Nextis a feedrate down to the specifigutiielf a Spot facing cycle is desired, enter laedn the dwell time
field and the cutter will wait the desired amouhtime before performing a rapid move up to theaCdace Height.

Chip Breaking (F1 in the Canned Cycle Menu: op#any

If you presg-1 - Drill from the Canned Cycle Menu you will gain accesthiee types of drilling operations:
Drilling, Chip Breaking, and Deep Hole drilling.h& current drilling operation in use is reflectadhe field Cycle
Type, and pressing3 - Toggleor SPACE toggles between all three. In this section wé examine the second
option: Chip Breaking.

Intercon Mill v1.25 Current Part; E_Z_PART.icn
Operation End NODO9 Drill
# Type X Y Z
0001 ;Demo Program Cycle Type . Chip Breaking
0002 Rapid 0.0000 -5.0000 0.1000 | Position X 20.0000
0003 Tool #1 0.0000 0.0000 Home Y: -40.0000
0004 Line 4.0000 0.0000 1.0000 | Surface Height : 0.1000
Q005 Line 4,0000 2.0000 1.0000 | Clearance Height : 0.1000 INC
0006 Line 7.0000 3.0000 1.0000 | "Rapid to" Depth : 0.1000 INC
0007 Arc CW 10.0000 3.0000 1.0000 | Depth: Total: 0.5000 INC
0008 Tool #2 0.0000 0.0000 Home Increment : 0.0000
oo brill || Peck Clearance : 0.0500
0010 End Prog 0.0000 0.0000 Home |Plunge Rate : M
Toggle Help I\H'Ig}:g Graph Ifggg Accept
F3 FS F6& Fg Fa F10

The numbers in the fields on the screen correspmtite following example, shown here graphically:
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WA Chip-Breaking

Feed move >

Rapid move ... >
..... Clearance Height
................ ‘Rapid To' Depth
Surface . . .. ® Ty Iner.
Height Al - Pock }ﬁ':;ih
ca : Clear,
lA' s B 15
= ‘ :
l }Incr.
P Depth
A U I © N
Where:

Cycle Type: Selects one of three drilling operations: DrglifChip Breaking, or Deep Hole drilling. Prés3-
Toggle or SPACE to toggle between the three choices.

Position: Specifies the X and Y coordinates where theidglivill take place. If either the X or Y coordieas an
incremental value, you will have the option toldnultiple holes in a linear pattern (See Cannedi€introduction
#2).

Surface Height:Absolute Z-axis position from where each incretakdepth is measured.

Clearance HeightThis parameter specifies the Z-axis height uskenaperforming rapid moves to the position of
each hole being drilled.

'Rapid To' Depth:The depth to which the cutter rapid moves bebaginning to drill the hole at the specified Plunge
Rate. This is below the Clearance Height but albeeSurface Height.

Depth: Total: Depth of hole (incremental) as measured fromegerHeight.

Depth: Increment:Depth of each individual peck.

Peck ClearanceDistance the tool retracts before drilling thetrgeck.

Plunge Rate:Z-axis speed of descent during drilling.

The plunge rate can be toggled to modal, fixedawes this is indicated by the symbol beside thangé rate field. If
the plunge rate is modal then it will have the “B4/mbol or if it is fixed it will have the “F” symbo The slave plunge
rate has no symbol and is set to the last modalgeluate set in the program, when the modal pluaigechanges all
the following slave plunge rates change until tagtrmodal plunge rate is encountered.
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Deep Hole Drilling (F1 in the Canned Cycle Menutiop #3)

If you press-1 - Drill from the Canned Cycle Menu you will gain accesthtee types of drilling operations:
Drilling, Chip Breaking, and Deep Hole drilling.h& current drilling operation in use is reflectadhe field Cycle

Type, and pressing3 - Toggleor SPACE toggles between all three. In this section wé examine the third option:
Deep Hole drilling.

Intercon Mill v1.25 Current Part; E_Z_PART.icn
Operation End NODQ9 Drill
# Type X Y z

0001 ;Demo Program Cycle Type : Deep Hole

0002 Rapid 0.0000 -5.0000 0.1000 | Position X 20.0000

0003 Tool #1 0.0000 0.0000 Home Y: -40.0000

0004 Line 4.0000 0.0000 1.0000 | Surface Height 0.1000

0005 Line 4.0000 2.0000 1.0000 | Clearance Height 0.1000 INC

0006 Line 7.0000 3.0000 1.0000 | "Rapid to" Depth 0.1000 INC

0007 Arc CW 10.0000 3.0000 1.0000 | Depth: Total: 0.5000 INC

0008 Tool #2 0.0000 0.0000 Home Increment : 0.1000

Do09 Drill || Rapid Clearance : 0.0500

0010 End Prog 0.0000 0.0000 Home |Plunge Rate : M
Toggle Help r\HJI:fg Graph Iqeoaé:g Accept

F3 F5 sl sl Fo Fi0

The numbers in the fields on the screen correspmtite following example, shown here graphically:

\ R
ANV Deep Hole Drilling Feed move >
Rapid move .. ... >
)
5; _________________________________ »O A Clearance Height
.. 'Rapid To' Depth
Surface. . - - ____ Iner.
Height - '}Rapld Depth
=1 /Clear
}Incr. Total
Rapid [ Depth Depth
=1 ... ... N | /Crear
Incr.
Depth
-: ..................
Where:

Cycle Type: Selects one of three drilling operations: DrilirChip Breaking, or Deep Hole drilling.
or SPACE to toggle between the three choices.
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Position: Specifies the X and Y coordinates where theidglvill take place. If either the X or Y coordilais an
incremental value, you will have the option toldnultiple holes in a linear pattern (See Cannedi€introduction
#2).

Surface Height:Absolute Z-axis position from where each incretakdepth is measured.

Clearance HeightThis parameter specifies the Z-axis height uskenaperforming rapid moves to the position of
each hole being drilled.

'Rapid To' Depth:The depth to which the cutter rapid moves bebaginning to drill the hole at the specified Plunge
Rate. This is below the Clearance Height but altbeeSurface Height.

Depth: Total: Depth of hole (incremental) as measured from&®arHeight.

Depth: Increment Depth of each individual step of the drilling.

Rapid ClearanceDistance from the last incremental depth dritleat the tool rapid moves before starting the next
plunge.

Plunge Rate:Z-axis speed of descent during drilling.

The plunge rate can be toggled to modal, fixedawes this is indicated by the symbol beside thangé rate field. If
the plunge rate is modal then it will have the “B4/mbol or if it is fixed it will have the “F” symbo The slave plunge
rate has no symbol and is set to the last modalgelwate set in the program, when the modal pluaitgechanges all
the following slave plunge rates change until tagtrmodal plunge rate is encountered.

Boring (F2 in the Canned Cycle Menu)

If you presg-=2 - Borefrom the Canned Cycle Menu you will gain accesth&oboring operation:

Intercon Mill v1.25 Current Part; E_Z_PART.icn
Operation End NOOQ9 Bore
# Type X Y z
0001 ;Demo Program Position X 4.0000
0002 Rapid 0.0000 -5.0000 0.1000 Y: -8.0000
0003 Tool #1 0.0000 0.0000 Home | Surface Height : 0.1000
0004 Line 4.0000 0.0000 1.0000 | Clearance Height : 0.1000 INC
0005 Line 4.0000 2.0000 1.0000 | "Rapid to" Depth : 0.1000 INC
0006 Line 7.0000 3.0000 1.0000 | Hole Depth : 0.5000 INC
0007 Arc CW 10.0000 3.0000 1.0000 | Plunge Rate : 20.0000 M
0008 Tool #2 0.0000 0.0000 Home |Dwell Time :
Doo9 Bore |
0010 End Prog 0.0000 0.0000 Home
Help r\HJI:fg Graph Iqeoaé:g Accept
F5 sl sl Fo Fi0
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The numbers in the fields on the screen correspmtite following example, shown here graphically:

O a Rapid To' Depth
Surface - -/
Height
Hole
-l ol
Where:

Position: Specifies the X and Y coordinates where the lgonill take place. If either the X or Y coordinasean
incremental value, you will have the option to boreltiple holes in a linear pattern. (See Cannede&introduction
#2)

Surface Height:Absolute Z-axis position from where each incretakdepth is measured.

Clearance HeightThis parameter specifies the Z-axis height uskeeniyperforming rapid moves to the position of
each hole being drilled.

'Rapid To' Depth:The depth to which the cutter rapid moves bebaginning to drill the hole at the specified Plunge
Rate. This is below the Clearance Height but altbeesurface Height.

Hole Depth: Depth of hole (incremental) as measured frome@erHeight.

Plunge Rate:Z-axis speed of descent during drilling.

The plunge rate can be toggled to modal, fixedawes this is indicated by the symbol beside thangé rate field. If
the plunge rate is modal then it will have the “B§/mbol or if it is fixed it will have the “F” symibo The slave
plunge rate has no symbol and is set to the lagaimunge rate set in the program, when the mpldaige rate
changes all the following slave plunge rates changi the next modal plunge rate is encountered.

Dwell Time: Delay at bottom of hole before starting ascent.
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Tapping (F2 in the Canned Cycle Menu)

If you press=2 - Tap from the Canned Cycle Menu you will gain accesthéotapping operations:

The numbers in the fields on the screen correspmtite following example, shown here graphically:

Where:

Tap Head Type:Without rigid tapping, this selects either Flogttap head or Reversing tap head (where the $pecia

tapping head reverses for you). If rigid tappingmabled (requires a spindle encoder), you cactseitber rigid or
reversing.
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Spindle Direction: Shows the current spindle direction. The spinliflection should be CW for right-hand tapping,
and CCW for left-hand tapping. The spindle spawtidirection appropriate for the tapping tool skido# set in the
tool change in which the tapping tool was load&His field will be hidden if a reversing tap headused.

* WARNING : The tap must be rotating in the correct directiefore performing this operation.

Position: Specifies the X and Y coordinates where the tappiill take place. If either the X or Y coordinasean
incremental value, you will have the option to tapltiple holes in a linear pattern. (See Cannedélitroduction
#2)

Surface Height:Absolute Z-axis position from where each incretakdepth is measured.

Clearance HeightThis parameter specifies the Z-axis height uskeeniyperforming rapid moves to the position of
each hole being drilled.

'Rapid To' Depth:The depth to which the cutter rapid moves bebaginning to drill the hole at the specified Plunge
Rate. This is below the Clearance Height but altbeeSurface Height.

Depth Total: Depth of hole (incremental) as measured from&®aerHeight.

Depth Increment{available only on rigid tapping.) This sets thadth of each progressive "peck" down the hole.

Threads / Unit:Number of threads on each inch/mm of the tapedUis conjunction with the Spindle Speed to
calculate the appropriate plunge rate (Plunge R&pindle Speed / Threads per Unit).

Spindle SpeedRate at which the spindle rotates. Used in aartjan with the Threads / Unit to calculate thenge
rate.
* WARNING: The spindle speed must be set before performisgtieration.

Dwell Time: Delay at bottom of hole before starting ascdiritis is used for a floating tap to allow the spénime to
reverse direction at the bottom of the hole. Aadéifvalue of 0.1 seconds is suggested. This fidlidoe hidden if a
reversing tap head is used; the tap head will sevdirection when the quill begins ascending.

* NOTE: When using low gear for tapping, the spindle may bpposite the direction specified. The opertor
responsible for setting the correct spindle speetdirection.
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Facing (F4 in the Canned Cycle Menu)

If you press4 - Faceat the Canned Cycle Selection Menu, the folloveageen is displayed:

The parameters in the previous screen correspotie timllowing dimensions:

Start: X and Y coordinates of the starting corner ofdhea to be faced.
Surface Height:Z coordinate of the top of the area to be faced.
Length X-axis dimension of the area to be faced. negative value is entered for the length, the faeiiil occur in

the negative X-axis direction from the X-axis staosition; otherwise, facing will occur in the pose X-axis
direction from the X-axis start position.
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Width: Y-axis dimension of the area to be faced. legative value is entered for the width, the faginioccur in
the negative Y-axis direction from the Y-axis staosition; otherwise, facing will occur in the pose Y-axis
direction from the Y-axis start position.

Depth: Incremental amount of material to be removed f&urface Height.
Step Increment Distance that the cutter will step over in théliection for each pass.

Plunge Rate:Z-axis speed of descent during facing.

The plunge rate can be toggled to modal, fixedawes this is indicated by the symbol beside thagé rate field. If
the plunge rate is modal then it will have the “B4/mbol or if it is fixed it will have the “F” symbo The slave plunge
rate has no symbol and is set to the last modalgelwate set in the program, when the modal pluatgechanges all
the following slave plunge rates change until tagtrmodal plunge rate is encountered.

Feedrate:Speed of the cutter during facing.

The feedrate can be toggled to modal, fixed oresl#s is indicated by the symbol beside the fatediield. If the
feedrate is modal then it will have the “M” symlaolif it is fixed it will have the “F” symbol showhelow. The slave
feedrate has no symbol and is set to the last nfeddrate set in the program, when the modal féeedtaanges all the
following slave feedrates change until the next atdeledrate is encountered.

M [E

Rectangular Pocket (F5 in the Canned Cycle Menu)

Pressing-5 - Rect. Pockefrom the Canned Cycle Selection Menu displayddahewing screen:
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The parameters on the screen correspond to tleevial dimensions:

Where:

Center or CornerCenter - X and Y coordinates of the center ofRleetangular Pocket.
Corner — X and Y coordinates of the corner of g@angular pocket. A positive or negative valutghmlength and
width fields will determine the location of the tacgular pocket from the corner position.

Surface Height:Z-axis position from which each incremental deptmeasured.

Length: X-axis dimension of the rectangular pocket.
Width: Y-axis dimension of the rectangular pocket.

Corner Radius:Radius of curvature of the corners. It cannosinaller than the current cutter radius.

Depth: Total: Total depth of the rectangular pocket.

Depth: Per PassDepth of each individual pass.

Depth: Plunge RateZ-axis speed of descent.

Depth: Plunge TypeStraight or Ramped. Straight plunge does a \@riglunge with no X, Y movement. Ramped
plunge does a zigzag plunge limited by the Plungglé&entered below.

Depth: Plunge Angte The maximum limit angle allowed for a rampednga. A special value of 0 means that there
is no limit angle. Note: This field means nothifithe Plunge Type is Straight.

Rough Cuts:Selects type of rough cut: conventional or clinbseF3 — Toggleor SPACE to toggle between them.
Rough Cuts: StepoverAmount of material removed by cutter during epabs around the pocket.
Rough Cuts: FeedrateSpeed at which cutter performs rough cuts.

Finish Pass:Selects type of finish pass: climb, conventiamahone at all. UsE3 - Toggleor SPACE to toggle
between them.

Finish Pass: AmountAmount of material to be removed on the finisepa

Finish Pass: Feedrat8peed at which cutter performs finish pass.

The feedrate can be toggled to modal, fixed oreslthis is indicated by the symbol beside the fetediield. If the
feedrate is modal then it will have the “M” symlaolif it is fixed it will have the “F” symbol showhelow. The slave
feedrate has no symbol and is set to the last nfeddtate set in the program, when the modal féedtaanges all the
following slave feedrates change until the next atdeledrate is encountered.

M [E
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Circular Pocket (F6 in the Canned Cycle Menu)

When you presk6 - Circ. Pocketfrom the Canned Cycle Selection Menu, this screeisplayed:

The parameters on the screen correspond to tloevial dimensions:

Where:

Center: X and Y coordinates of the center of the circiacket.

Surface Height:Z-axis position from which each incremental deptmeasured.

Diameter: Diameter of circular pocket.

Cleanout: If cleanout is Yes, then all the material in flueket will be removed. If cleanout is No, thenth# material
will not be removed. The cutter starts in the ceafdéhe pocket and arcing its way out and themg@rround the

frame.
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Depth: Total: Total depth of the circular pocket.

Depth: Per PassDepth of each individual pass.

Depth: Plunge RateZ-axis speed of descent.

Depth: Plunge TypeStraight or Ramped. Straight plunge does a \a@ri@lunge with no X, Y movement. Ramped
plunge does a zigzag plunge limited by the Plungglé&entered below.

Depth: Plunge Angte The maximum limit angle allowed for a rampednga. A special value of 0 means that there
is no limit angle. Note: This field means nothifighie Plunge Type is Straight.

Rough Cuts:Selects type of rough cut: conventional or clindseF3 - Toggleor SPACE to toggle between them.

Rough Cuts: StepoverAmount of material removed by cutter during epabks around the pocket.

Rough Cuts: FeedrateSpeed at which cutter performs rough cuts.

Finish Pass:Selects type of finish pass: climb, conventiarahone at all. UsE3 - Toggleor SPACE to toggle.

Finish Pass: AmountAmount of material to be removed on the finisepa

Finish Pass: Feedrat&peed at which cutter performs finish pass.
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Rectangular or Circular Frame Milling (F7 in ther@ad Cycle Menu)

When you presk7 - Framefrom the Canned Cycle Selection Menu, the follaysareen is displayed:

The parameters on the screen correspond to tleevial dimensions (rectangular frame):

Where:

Frame Type:Selects Inside Rectangle, Outside RectanglejérSircle, and Outside Circle. Prés3- Toggleor
SPACE to toggle between them.

Center: X and Y coordinates of the center of the framk. mi

Surface Height:Z-axis position from where each incremental deptineasured.
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Length: X-axis dimension of the frame mill. (Rectanguitame only.)
Width: Y-axis dimension of the frame mill. (Rectangui@me only.)

Corner RadiusRadius of curvature of the corners. On an Insidmé, corner radius must be greater than the durren
cutter radius. (Rectangular frame only.)

Diameter: Diameter of the frame mill. (Circular frame ohly
Depth: Total: Total depth of the frame mill.

Depth: Per PassDepth of each individual pass.

Plunge Rate:Z-axis speed of descent.

Plunge TypeStraight or Ramped. Straight plunge does a \@rdglunge with no X, Y movement. Ramped plunge
does a zigzag plunge limited by the Plunge Angtereql below.

Plunge Angle The maximum limit angle allowed for a rampedrga. A special value of 0 means that there is no
limit angle. Note: This field means nothing if tReinge Type is Straight.

Entrance TypeSelects type of entrance: Arc On or Arc Off, B8 Toggleor SPACE to toggle between them.
(Circular frame only)

Cut type: Selects type of cut: conventional or climb, E8e- Toggleor SPACE to toggle between them.
Feedrate:Speed at which the cutter performs frame mill.

NOTE: To make a circular frame mill of radius R, specify R as the Corner Radius and set the Length and
Width parameters equal to 2 x R.
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Thread Milling (F8 in the Canned Cycle Menu)

When you presB8 - Thread from the canned cycle menu, the following screedisplayed:

Multiple Thread Mill Single Thread Mill

The parameters on the screen correspond to ttoevial:

Where:
Center X and Y coordinates of the center of the thredtoperation.

Diameter Major diameter of thread for internal thread mgl and minor diameter for external thread milling.
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Thread / UnitNumber of threads per inch or mm. Used to cateularead pitch.
Thread PitchThread pitch calculated from threads/unit fielhis field cannot be modified.
Thread TypeSpecifies right or left hand threads.

Thread DirectionSpecifies whether to start at the bottom of tbke land work up or start at the top of the hole and
work down.

Tool Type Single point or full form threading tool.

Thread Approachinternal or external thread.

Clearance Amountsed for external thread milling only. Specifiee diameter of the lead-in arc. Minimum
clearance is 0.050 inches.

Clearance AngleUsed for external thread milling only. Speciftee angle from which the lead in arc will start.

FeedrateCutting feed rate.
Surface HeightAbsolute Z-axis position from position from whehe incremental depth is measured.

Clearance HeightThis parameter specifies the Z axis height uskenaperforming rapid moves to the position of each
hole being thread.

'Rapid to' DepthThe depth to which the cutter rapid moves bebaginning to thread mill at the specified Plunge
Rate. This is below the Clearance Height but altbeeSurface Height.

Depth The total depth of the thread.

Number of Passedlumber of times the thread mill is to be dondlmsame hole.
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Cleanout (F9 in the Canned Cycle Menu)

The cleanout cycle performs a horizontal zigzagkpbcleanout of a profile composed of lines and.arc
When you presB9 - Cleanoutfrom the canned cycle menu, the following screedisplayed:

Where:

Rough Cuts:Selects type of rough cut. Us8-Toggleor SPACE to toggle between Conventional and Climb.
Type: Selects type of cleanout to use. The choice€alapse, which cleans out the pocket from theidatin, or
Expand, which cleans out the pocket from the insiate You can switch between the two by usingRBeToggleor

SPACE keys

Stepover: The distance between each step in the pocketalea This value cannot be greater than 50% ofdbke
diameter.

Feedrate:Speed at which cutter performs rough cuts.

Finish Pass:Selects type of finish pass. Us&Toggleor SPACE to toggle between Conventional, Climb, or None.
Amount: Amount of material to be removed on the finisepa

Feedrate:Speed at which cutter performs finish pass.

Tool Number: Tool number to be used for the finish pass.

Surface Height:The Z-axis position from where the incrementgitdds measured.

Clearance HeightThis parameter specifies the Z-axis height tocllthe tool is retracted before moving to different
segments during a pocket cleanout.

'Rapid To' DepthThe depth to which rapid positioning moves willhade to when moving the Z axis downward.

Depth: Total: The total depth of the pocket measured as aerimental depth from the surface height.
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per Pass:The depth amount of cut to be taken to reachafa¢ depth. This value must be greater than 8ddcannot
exceed the total depth.

Plunge Rate:The feedrate at which the Z axis is moved whengihg to a lower depth.

After the cleanout parameters are accepted, arssiedar to the following appears:

Key points about the Cleanout cycle:
When creating a pocket the first move in your ctedrcyclemust be a linear move.

If the profile contour does not end at the staihp@ linear segment will automatically be insdrte close the
pocket.

The last line of the contour will not include a oewting radius to the starting point.

Once you have defined the specifics of your cleanpcle, the shape of your pocket will be defineebtigh a series
of lines and arcs by choosing th2-Linear andF3-Arc options in the cleanout cycle.
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F1-|S|andlsland Avoidance) Once you have defined a pockthe cleanout cycle. There may be areas or
islands that you don’t want cleaned out. To creatésland presBl-Island, enter the starting point of the island and
then usd=-2-Linear andF3-Arc to create the island.

See an example of a completed cleanout backplotnbel

F6 — Other Choosing F6 - Other will display the followingeanations that may be inserted.

F1 - Comment Enter a comment, up to 35 characters long, wimtitbe displayed in the generated CNC program.
F2 - Spindle- Change the actual state of the spindle. F¥8ssToggleor SPACE to toggle between CW, CCW, and
OFF.

F3 - Coolant- Change the actual state of the coolant. Hf8ssToggleor SPACE to toggle between FLOOD, MIST,
and OFF.

F4 - Clamp- Turn the Clamp ON and OFF. Pré&sks- Toggleor SPACE to change the clamp state.

F5 - Z Home- Send the Z-axis to its home position.

F6 - M & G Code- Enter M & G codes into your Intercon part pragraGreat care must be taken when using this
function, as you could cause unpredictable regultise controller if you accidentally changed piosiing modes in
your program, or perhaps turning the spindle offrdya cut.

F7 - Rotary- Insert a rapid rotary move. This operation requres a rotary fourth axis. The fields are identicalto
the fields in the Linear Mill operation as shown béow, but the resulting move is a GO (Rapid) movingnly the
rotary axis.

F8 - Import DXF - Insert Intercon operations created from objecBXF files. For more information, refer to the
“Importing DXF files” section later in this chapter
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F7 - Cutter CompensatiOﬁressing F7 - Cutter Comp from the Insert Openagcreen, will insert a

cutter compensation command. Press F3 - Toggl®ACE to select cutter compensation Left, RighQér Cutter
compensation may be used with Linear Mill, Framd,Mihd Rapid Traverse operations. For detailsising cutter
compensation, see the section “G40, G41, G42 -.Qdtmpensation” in Chapter 12.

The Rectangular Pocket, Circular Pocket, and Friditiecanned cycles perform cutter compensation enattically.
If compensation left or right was selected beftiedanned cycle, it will be turned off.

FO — SprrOgram&tercon subprograms allow you to make addilicogies of a programmed contour.
The copies may be repeated in the x/y axes, deptuat, rotated, or even a mirror image of the 0aigi To create a
subprogram, first define the operations that wilinpose the contour. Any type of program operatiapid, linear
mill, arc mill, canned cycle, subprogram, etc.) rbayincluded in the contour. These operations tmeigtrogrammed
at the Z depth at which the first pass will occwhen you are finished doing this, return to thegeam Edit Menu.
Move to the place in the program where you wamepeat these operations and press the F3 - Insgrtkhe
operations will be performed once before the reppatation occurs; therefore the operations to as®phe contour
should be defined at the place in the program wtterg should occur first.

When you presB9 - Subpgmfrom the Insert Operation screen you will seeltisert Subprogram screen:

You may now select the type of subprogram desired.

M-Series Operator’'s Manual 4/9/2015 10-36



A typical subprogram screen appears as follows:

All subprogram operations contain the followingd&

Start Block: Selects the first operation in the block of ofierss to repeat. This operation must lie befoeedlace in
your program where you are trying to repeat opanati

End Block: Selects the last operation in the block of openatto repeat. Again, this operation must li@iptd place
in your program where you are trying to repeat afi@ns, but not precede the start block.

Clearance HeightThis field determines the Z height at which thel is moved over the work piece before being
repositioned at the start of the contour. Thisigahust meet or exceed the maximum Z height afadrations
contained within the contour. If any operationgaigithe tool at the Z home position, then gaust tie this value to
the home positionq2 - Z Home).

Plunge Rate:This is the speed at which the tool is repos#@hon the Z-axis when moving to theginning of the

first move of the contour. This has no effect guiumnge that you have programmed into the contoaever, this
has the effect of providing a vertical plunge fouyin the event that you do not program your owmge into the

contour.

Other fields specific to the various subprogramrapens are described in the next few pages.
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Repeat to Depth (F1 in the Insert Subprogram Menu)

The Repeat to Depth feature is useful for repeatipgrt contour when the material being machinéddghick to cut
in just one pass. The contour formed by theseatipais may either be a closed contour or an open 4ra non-
vertical plunge to the start of the contour is diiit must be programmed into the contour (aicarplunge between
passes will be provided if one is not programmed).

Total Depth: Indicates how deep the final depth pass is toTdes is a positive value. Note that becausetmour
has been programmed at a depth of one depth inatdmbow the work piece surface, the final deptuases that one
depth pass has already been performed, and, tisasts one depth increment from the total depth.

Depth Increment:Specifies the distance to drop each time theocwns repeated. This is a positive value that may
not exceed the total depth of the operation.

When you have finished entering the required patarsegpres&10 - Acceptto accept them. An operation labeled
“Depth Rpt” will be inserted into your program iroht of the highlighted operation. You may nowtelis operation
just as you would edit any other operation (usectirgor keys to highlight the “Depth Rpt” operatiand then press
ENTER.

* NOTE: If you wish to change the amount of the tiepcrement per pass after the contour has bamraanmed,
you must also change the Z depth of all the opmratinside the contour to correspond to the nevement.
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Repeat (F2 in the Insert Subprogram Menu)

The Repeat feature is useful for repeating a partozir one or more times along a straight lindhn XY plane. The
contour formed by these operations may either &ged or open. If a rotary axis is enabled, theraton can also be
used for repeating such a contour one or more tovesa specified rotary increment.

Increment: Specifies the X and Y distances between the gtants of each copy of the contour.

Rotary Increment Specifies the rotary incremental amount to moe®veen each copy of the contour. Note: This
field will appear only if a rotary axis is enabled.

Number of Copies:The number of times to repeat the contour.

Skip List: List of copies that are skipped. Enter the nuntb@wumbers of the copies that you wish to skighle
example below will skip copy # 2.

* NOTE: An array of repeats may be accomplishedding a repeat of a repeat.
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Mirror (F3 in the Insert Subprogram Menu)

The Mirror feature is useful for reflecting a peointour over a line. The contour formed by thgserations may
either be closed or open.

Mirror Line: Specifies the type of mirror line to use. Cheiaee Horizontal, Vertical and Other (user-defined)
X Offset: Specifies the X coordinate on the Mirror Linehidfield will not be visible for a horizontal mar line.
Y Offset: Specifies the Y coordinate on the Mirror Linehigfield will not be visible for a vertical mirrdine.

Angle: Specifies the angle (from the three o'clock parsjtof the Mirror Line. This field will only beisible for a
user-defined mirror line and is used in conjunctioth the X Offset and Y Offset fields to definestmirror line.
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Rotate (F4 in the Insert Subprogram Menu)

The Rotate feature is useful for rotating a parteor multiple times around a given point. Thetooin formed by
these operations may either be closed or open.

Center: The XY location of the center of rotation.

Start Angle: The angle from the original copy at which thstfitopy will be placed. A positive angle indicaées
counterclockwise rotation, while a negative angliidates a clockwise rotation.

Angle Increment:The angle at which each copy after the first dlplaced from the first copy. A positive angle
indicates a counterclockwise, while a negative aglicates a clockwise rotation. Must have a viduger than 1 in
the number of copies.

Number of Copies:The number of times to rotate the contour.

End Angle: The angle at which the final rotated copy widlrstnot the angle at which it will end A positive angle
indicates a counterclockwise rotation, while a iegeangle indicates a clockwise rotation.

Skip List: List of copies that are skipped. Enter the nunaoenumbers of the copies that you wish to skip.

NOTE: The user may enter the Start Angle, the Nurob€opies, and either the Angle Increment orEhd Angle
value, and Intercon will compute the rest.
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Graphics

Intercon features three-dimensional previews otdloépath to be followed when milling the partotymay choose to
display your project in one of two formats: a gy@ane display, where the project is shown in edd¢he XY-, ZX-,
and YZ-planes; or an isometric display, which deptbe project three-dimensionally from an obsésvaoint of

view. To view the graphics, preB8 - Graph from the Main Menu or from any Operation Edit gre

The format of the display will be similar to thdléaing:

The display will consist of arcs and/or lines thetke up the tool path followed. Rapid (GO) movébsappear in
Red, linear (G1) and arc (G2, G3) moves will belfg) and compensated pass will appear in grey.n€awcycle
operations (except the facing cycle) will also tispa gray.

F1 —2D/3D Pressing-1 - 2D/3Dselects the format of the project display. Thésyrtake the form of the three-plane
display (2D) or the isometric display (3D).

Three-plane (2D) Isometric (3D)
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F2 — View/Rotate In three-plane (2D) views2 - View switches the point of view to a different planeidometric,
(3D) view,F2 - Rotateenables the arrow keys to rotate the figure. arhew keys actually rotate a larger
version of the YZX axes figure that shows the da&on in which the part will be redrawn. Présxs-
Rotate to redraw without leaving rotation mode. If yotegs Enter oF5 - Redraw after rotating the
axes, the display of the axes will disappear. Tateoto a different angle you will have to pré&s-

Rotate again. Press Esc to cancel rotation.

F3 — Set Range Pres$3 — Set Rangéo specify the range of operations to draw. Yalilve prompted for a start
block and an end block.

F4 — Time Estimate Presg-4 - Time Estim. to hide or display the time estimate in the upgeftrhand portion of the
screen.

F5 — Redraw Pressing th&5 - Redrawkey will cause the simulation to start again fribra first operation
(Redraw).

F6 — Pan When using the pan feature, the project can besghto the crosshairs in the display windows ef th
three-plane display, or rotated around the ceritérevisometric display screen. To enter pan mode,
simply press th&6 - Pankey or press one of thierow keys. A set of crosshairs will appear. Adjugt th
center of the crosshairs to the new desired cemtesEnter, F5 — Redraw, F6 - Panto redraw the part
with the new screen center point.

F7, F8 & F9: Zoom In, Zoom Out & Zoom All The project can also be viewed in an enlargedaduaed state by
pressing thé&7 - Zoom In or F8 - Zoom Outkeys to activate Zoom In and Zoom Out respectively
Pressing=9 - Zoom All redraws the project at its original size. Uke arrow keys to select the new
screen center before zooming in or out.

Number keys and Space bar — Feed Rate Override & Hid If no jog panel is attached (or “Keyboard” has been
selected as the jog panel type) the number key8 &nd 0 choose feed rate overrides 10% - 90% and
100%, respectively. 1 is 10%, 9 is 90%, and D3 %b. If there is a jog panel attached you canthse
feedrate knob to adjust the speed as well. Theedpaictoggles feed hold on and off.

Accelerated Graphics Backplot

Accelerated Graphics Backplot is a new tool patiphics display that takes advantage of the latdebvgraphics
technology. This option is enabled by setting Peater 260 to 1 (See Chapter 14 Configuration)dddmccelerated
Graphics Backplot, the operation of the user iaiEafis slightly different from the regular Graphohescribed above.

F1 - Pan/Rotate Press this key to change the behavior of the keyba@ow keys. Normally, they will pan
(scroll) around the drawing, but after pressing #@y the arrow keys will control rotation
instead. When in rotation mode, an axis indicet@irawn to mark the center of rotation.

F2 - View Press this key to change the planar view of your pehe view is indicated by TOP, RIGHT,
or FRONT shown at the top of the screen.

F3 - Set Range Press this key to select which blocks of G-codéigplay. Only blocks that fall within the
range you specify will be drawn.
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F4 - Dimension Menu Press this key to access a sub-menu of options:

F5 - Redraw

F6 - Hide Rapids
F7 - Zoom In

F8 - Zoom Out
F9 - Zoom All

F10 - Show Tools

Spacebar - Measure

F1 — Prev Line: Press this to walk forward to the next G-code &nd graphically highlight

it. If this G-code line contains movement, therGaad End points will be displayed at the
bottom of the screen.

F2 — Next Line: Press this to walk backward to the previous G-dwdeand graphically
highlight it. If this G-code line contains movemethe Start and End points will be displayed
at the bottom of the screen.

F3 — Go To Line:Press this key to graphically highlight a parteeub-code line whose line
number you specify. If this G-code line contairevement, the Start and End points will be
displayed.

F4 — Measure:Use this feature to measure between any 2 selpoiats. To do this, use a
mouse to move the pointer over the first point doeh pres§&4 — Measureto anchor the first
point. Then use the mouse to move the pointdrgsécond point. As you move the mouse
towards the second point, you will notice an Oftsed Measurement display changing
dynamically as you move the mouse. Also you mdicasome “snap to” effects as you
move the pointer close to start and end pointbfies that make up your program.

Press this key to redraw the part slowly, which lbamseful for visualizing the movements
the machine will make. While the display is beiadrawn, you can use the feedrate override
knob to adjust the rate at which it is being drawrnyou don't have a feedrate override knob,
the + and - keys can be used to adjust the ragssidg F5 again will cancel this mode.

Press this key to hide rapid movements. Pregmihdo show them.

Press these keys to zoom into the part relativkeg@enter of the screen.

Press these keys to zoom away from the part rel&ithe center of the screen.

Press this key to fit the entire part inside thesao.

Press this key to show the tools menu, which allpoisto highlight movements of certain
tools. Press this key again to hide the tools menu

Press this key to take a measurement between tintspdn a 2D view, this measurement
will be a 2D measurement. In a 3D view, it will#8D measurement (and the measurement
will only be valid if the crosshairs are snappe@ e of the tool path).

*Note: If you have a mouse or touch screen attael to your device, you can use that to control thgraphing
window. Holding the left mouse button allows youd drag the part across the screen, while the righhouse
button controls rotation of the part. Spinning themouse wheel (or holding both left and right buttos) zooms in
and out. Double clicking on a feedrate movement Wicenter the camera on that movement (which is ver
useful) and also tells you the length of that moveemt. For touchscreen operation, use the F1 key switch
between Pan and Rotate modes.
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Math Help

Intercon provides a math assistance function teestble trigonometric problems common in part dr@sinTo enter
Math Help, pres&6 - Math Help from any Edit Operation screen. The first timattyou invoke Math Help, the
following screen appears which shows all availaolwers

The figures on the right are a graphical represiemaf the highlighted solver on the left. PregdENTER key will
display another menu that has various fields paeido the type of problem that is being solv&the graphic below
displays the Right Triangle Calculator menu. Theams that are available on the function keysthessame for
every type of math help solver and perform theofslhg operations:
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F1 — Prev Soln (Previous Solution)

F2 — Next Soln (Next Solution) ThePrev SolnandNext Solnoptions will cycle backward and forward,
respectively, through the available solution setsfiath solvers that may have multiple solutioAs.
status line near the bottom left of the screen afgpence a valid solution has been found. Theisalu
status line indicates the total number of solutiand the solution number that is currently repressbby
the graphic display on the right. For example,rildac Tangent Arcs math help, the display solution
status may be “- Solution 1 of 8 -“. In this cabesPrev SolnandNext Solncan be used to cycle through
all eight of the solutions.

F3 — Clear All The Clear All option removes all solutions. Itssatl fields for a particular solver tdNKNOWN .

F4 — Prev Solver

F5 — Next Solver ThePrev SolverandNext Solveroptions cycle backward and forward, respectivislggugh the
various math help solvers. These options are alisrivhich have the same effect as pres&dg to
reach the main math help menu, navigating to theipus or next math help option, and then pressing
ENTER.

F6 — Hide Math TheF6 - Hide Math option exits math help mode and returns to theatjman edit menu. Pressing
F6 - Math Help to invoke Math Help again will restore Math Helgaetly as you left it. After copying
values from Math Help, you can prds8 - Hide Math to hide Math Help, and then IHtLO - Acceptto
accept the values entered.

F7 — Copy <<<

F8 — Copy >>> TheF8 - Copy <<<option will move the value from the selected eglieration field into the
selected math help menu field and the Copy >>>aijmer will move the value from the selected math
help menu field into the selected edit operatieidfi For both options, the selected fields inrttah help
menu and the operation edit menu are advancedy @@n the graphics display is off will the Copy
operations actually copy values and advance figiections.

The currently selected fields have either a boxvdraround them or are highlighted depending upoitlvimenu is
active. The active menu, which is either the noggération menu on the left hand side or the opmragdit menu on
the right hand side, depicts the selected fieldighlighting the entire field. The non-active matigplays the active
field with a box drawn around it. Use the arrowkéo select fields as described below.

F9 — Graphic On/Off TheF9 - Graphic On/Off option will toggle the graphical representatiortied math help
menu on the display.

(Arrow Keys) — Select Fields
TheLEFT andRIGHT arrow keys are used to navigate between the matiturand the edit menu. Thé and
DOWN arrow keys are used to navigate within a menucHhawse fields for the “Copy” option, above, uselt
andDOWN arrow keys to highlight the desired field in themm and use tHeEFT or RIGHT arrow keys to switch
menus.

Other features common to all Math Help operations

In some math help operations, there will be anria&té&”’ character that appears immediately to thght of a field.
This character marks the field as a “given” fieddhich means that the value of this field will bécheonstant in the
process of solving the math equations.
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F1 —Triangle: Right
F2 —Triangle: Other

The screen will showNKNOWN if the value of each parameter is not known. Maégtp waits for known values to
be entered, where:

Point a, b, or cis the coordinate value for each corner of thegie.

Angle A, B, or Cis the angle at each point of the triangle.

Length of values are the distances between the points irdica

Continue adding all the known parameters. Selactmeters using the arrow soft keys. When Math Kelyges the
remaining unknown values, the screen will displegnt.
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F3 — Tangent: Line Arc

Given the center (C1) the radius of an arc, andidtifLP) on a line, find the lines tangent to #re (defined by the
tangent point (T1)).

You must enter the X and Y coordinates for theleisacenter point, the circle's radius, and thendl @ coordinates
for a point on the line.

F4 — Tangent: Arc Arc

Given the center points (C1 and C2) and radii (R1.R2) of two arcs, find the point (T) at whichytere tangent.

You must enter the X and Y coordinates for thd fifcle's center point, the radius of the firstlg, the X and Y
coordinates for the second circle's center poid,the second circle's radius.
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F5 — Tangent: Line Arc Arc

Given the center points (C1 and C2) and radii (Rd.R2) of two arcs, find the lines (defined by TI2) tangent to
both arcs.

You must enter the X and Y coordinates for the firscle's center point, the radius of the firstlg, the X and Y
coordinates for the second circle's center poird,the second circle's radius.

F6 — Tangent: Arc Arc Arc

Given the center points (C1 and C2) and radii (Rd R2) of two arcs and the radius of a third arg the center
point of the third arc and the tangent points (d &2).
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You must enter the radius of the tangent arc, tlee&Y coordinates for the first circle's centeinpahe radius of the
first circle, the X and Y coordinates for the setaircle's center point, and the second circlelfusa

F7 — Intersection: Line Line

You must enter the X and Y coordinates for 1 poimeach line, and also one of the following:
*the X and Y coordinates for a second point

* the X coordinate for a second point and the afrgle horizontal

* the Y coordinate for a second point and the afigle horizontal

* the angle from horizontal only

F8 — Intersection: Line Arc
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Given the center (C1) and radius (R) of an ar@ihtdP1) and either a second point (P2) or onedinate (P2 X or
Y) and the angle from horizontal, find the intets@t point(s) (11 and 12).

You must enter the X and Y coordinates for theleisacenter point, the circle's radius, the X ancbrdinates for
one point on the line, and one of the following:

*the X and Y coordinates of a second point onlite

* the X coordinate of a second point and the afrgle horizontal
*the Y coordinate of a second point and the afrgie horizontal

F9 — Intersection: Arc Arc

Given the center points (C1 and C2) and the r&diigdnd R2) of two arcs, find the intersection p@in(l1 and 12) of
the arcs.

You must enter the X and Y coordinates for thd fifcle's center point, the radius of the firstlg, the X and Y
coordinates for the second circle's center poid,the second circle's radius.
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Importing DXF files (Optional)

Intercon allows you to convert geometry in DXFSil® Intercon operations. To insert operationsyfeoDXF file
pressF6 — Other thenF8 - Import DXF . If no DXF files have been loaded yet, the Intertmad file menu will
appear. From here you may select the DXF file y@hwo load. By default, Intercon expects DXF fitegeside in
thec:\cncm\ncfilesdirectory. To change the default directory usgdhe Intercon load menu when loading DXF
files, see the “User Specified Paths” section chjitar 14.

Intercon reads DXF files up to and including vensiil4. At this time, onlypoint, line, arc, circle, polylineand
lwpolyline entities can be used to create Intercon operatidfiother entities such @extmust be converted to lines
and arcs for them to appear in the Intercon ImpoE menu.

After a DXF file has been loaded, the Set zeroresfee menu appears.

This menu allows you to change the absolute zdevaece of the DXF file. The current zero refereappears as a
green cross. All other points appear as gray esgs new zero reference may be defined by a catibimthe
following methods:

Presd-1 - Input Zero to enter the coordinates of the new zero reference

Move the crosshairs with the arrow keys to highligipoint (represented by a gray cross) and
when the crosshairs are close to a gray crosdlicmange red. Pre$®2 - SetZero to set the zero
reference to the position of that point.

When satisfied with the current location of theozesference, predsl0 - Accept The zero reference may be changed
multiple times before pressitgl0 - Accept
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After the zero reference is set the Select Inteamaration menu appears.

This menu allows you to select the type of Interoparation you wish to create using geometry froenDXF file.
F1 — Contour Convert one or more connected lines and/or artingar and arc operations.

F2 — Pocket Convert a chain of lines and/or arcs to one ofithercon pocket operations. The type of pocket
depends on the geometry of the selected chainaikdi arcs will be converted to a circular podket!
arcs have the same center point and radius. A didour lines forming a rectangle will be converte a
rectangular pocket. All other chains will be conedrinto a cleanout operation.

F3 — Frame Create a frame operation that surrounds a chdinex and/or arcs. The height, width and centehef
chain are used to define the frame.

F4 — Drill Convert one or more points to a drilling operation.

F5 — Bore Convert one or more points to a boring operation.

F6 — Tap Convert one or more points to a tapping operation.

F7 — Thread Convert one or more points to a threading operation

F8 — Engrave (Optional) Converts the entire file to engraving operatio@$00sing this option displays the
engraving menu. Set the options as desired foenlgeaving. Surface Height is the height of théae
to be engraved. Clearance Height is the heighttigaengraving tool will move up to clear the sgH.
Depth is the depth of the engraving. Set the RiURgte and Feedrate appropriately for the tool and
material.

F10 — File Pressindg-10 - Filedisplays the following options:

F1 - Load Load a new DXF file.

F2 - Zero Change the current zero reference.

F3 - Gap Modify the current gap tolerance. Two lines mrsaare connected if the distance between theipeimds is
less than the gap tolerance.
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Selecting DXF geometry

After selecting an operation to from the Selectidobn operation menu, one of two menus appeardo@gmocket
and frame operations display the Select Chain naaalDrill, Bore, Tap and Thread operations dispiteeySelect
Point menu. These menus allow you to select thengay you wish to use to create the specified tuer
operation(s).

Select Chain menu

This menu allows you to select a chain of one orentioes and/or arcs. To select a chain, highlilgatfirst line or arc
with the crosshairs. Press eitli& - Singleto accept only that object or prds3 - Chain to accept that object and
create a chain of lines and arcs connected tcetitday. When satisfied with the selected chainspFd0 -Doneto

edit the values for the chosen Intercon operation.

(Arrow Keys) — Move crosshairdJse the arrow keys to move the crosshairs.

F1 — Reverse When a line or arc is highlighted, an arrow appé@atiating the direction of the object. Contour
operations use this direction when cutting lined arcs. To reverse the direction of the highlighiee or
arc, pres$1 - Reverse

F2 — Single Select the currently highlighted line or arc.

F3 — Chain Select the currently highlighted line or arc anelte a chain of connected lines or arcs in trexton of
this selected object. Chaining will stop if there ao more connected, unselected lines or ard¢hgor
chain connects to the first object in the chaira dranch point occurs. A branch point occurs when
last object in the chain is connected to more thraunselected lines or arcs. When this situatcmors,
highlight the desired unselected line or arc tlnects to the last object in the chain and pF8ss
Chain to continue chaining.

F5 — Undo Unselect the last line or arc in the chain.

F6 — Pan Set the plot center to the center of the crosshairs
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F7,F8 & F9 - Zoom In, Zoom Out & Zoom All F7 - Zoom In andF8 - Zoom Out, set the center of the plot to the

center of the crosshairs and Zoom In and Zoom €gpectivelyF9 - Zoom All redraws the part with its
original scale.

F10 — Done Accepts the selected chain and proceeds to theeam@peration edit menu. The operation edit menu
allows you to enter values for fields such as fatdand plunge rate. These values are copied teshef
the lines and arcs in the chain where applicable.

The keys-1 - Reverse F2 - SingleandF3 - Chain only appear when a line or arc is highlighted. KagsF5 - Undo
andF10 -Doneonly appear when one or more objects has beectsélwithF2 - Single or F3 - Chain.

Select Point menu

This menu allows you to select one or more pomtset converted into Intercon Drilling/Threading ogg@ns. In this
menu, all selectable points are displayed as gi@gses. Selectable points include point entitias/drc endpoints and
arc/circle center points. To select a point, posithe crosshairs over the desired point untictioss turns red and
pressF2 - Singleto accept the point. More points can be seldojelighlighting them with the crosshairs and
pressing=2 - Single. F1 - Window can be used to select all points within a spetiwndow. When satisfied with the
selected point(s), pre§40 - Doneto edit the Intercon operation parameters.
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(Arrow Keys) — Move crosshairdress the arrow keys to move the crosshairs.

F1 —Window This key allows you to select all points withinpesified box. Predsl - Window once to set the first
corner of the box. Move the crosshairs to the dddication for the opposite corner of the box preks
F1 - Window. All points within the box are selected.

F2 — Single Accept the currently highlighted point.
F5 — Undo Unselect the last selected point.

F6, F7, F8 & F9 — Pan, Zoom In, Zoom Out & Zoom All These keys perform the same operations they dwin t
Select Chain menu.

F10 — Done Accepts the selected points and proceeds to thechn operation edit menu. The operation edit menu
allows you to enter values for fields such as pturage and depth. These values are copied to shefre
the selected operations where applicable.
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The keyF2 - Single only appears when a point is highlighted. The k&ys Undo andF10 -Doneonly appear when
one or more points have been selected with Window or F2 - Single

Using a mouse

In addition to the arrow keys, a mouse may be te@osition the crosshairs in the DXF selection uzeiSimply
move the mouse pointer to the desired crosshaatitot and click the left mouse button. This actiath move the
crosshairs to the location of the mouse click agtilfyht the closest object.
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Intercon Tutorial #1

This is a step-by-step instructional example ohgdrom blueprint to part with Intercorlhe tool path to be created
is for the part shown in Figure 1. For instrucéibpurposes, this part will be programmed to ctd stock held in 3
fixtures, 6 inches apart along the X-axis.

FIG. 1 Blueprint of flange part and the 3 fixtures.
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Part Creation

Each feature of the part will become an operatioyour program. Before beginning, decide wherewant theX0
andYO reference. For this particular part, the centeéhe bolt hole pattern was selected. Now startrtkercon
program (from th€€NC software main screenpress=5 - CAM). Beginning from the Intercon File Menu (présis-
File if the file menu is not shown) the following sexief keystrokes will describe the step-by-step essmf
designing the part shown in Figure 1.

PRESS COMMENTS

F1 - New Fill in the program namigange Enter your name in as the
programmer. Enter the description as “Intercorofiat #1”.

F4 - Tool Describe the tool below. The position valuexgpavhere to do
the tool change. This position should be a painside of the
workpiece so that the last tool can be removed fiteerchuck
and the new tool can be inserted. The Yes inAtiial Tool
Change' field turns off the spindle and coolantrupgaching this
spot. Use a 0.3750-inch diameter cutter. Thetleagd diameter
are updated based on the offsets. (The longelssitoald have a
0.0000 length).

NO0020 Tool change

F10 - Accept
F5 - Cycles

F6 - Circ. Pocket

Tool Number 1
Description 3/8" end mill
Position: -2.0000
-2.0000
Tool H Offset 1
Tool Height 0.0000
Tool D Offset 1
Tool Diameter 0.3750
Spindle Speed 1000
Spindle Direction CW (M3)
Coolant Type Flood (M8)
Actual Tool Change Yes

Keep selected values.

Access the list of available Canned Cycles.

Start with the 1.0000-inch diameter circular petclEnter the
following values:
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NOO030 Circular pocket

Center: X :0.0000
Y :0.0000

Surface Height : 0.0000

Diameter : 1.0000

Cleanout : Yes

Depth: Total : 0.5000 INC

Per Pass : 0.2500

Plunge Rate : 2.0000 [M]

Plunge Type . Ramped

Plunge Angle . 0.00°

Rough Cuts . Conventional

Stepover : 0.2250

Feedrate : 20.0000 [M]

Finish Pass . Climb

Amount : 0.0020

Feedrate : 10.0000 [M]
F10 - Accept Keep selected values.
F5 - Cycles Access the list of available Canned Cycles.
F1 - Drill Select drilling cycles
F2 - Drill BHC Select the bolt hole circle type of drilling cgsl

NO0040 Drill bolt holes

Cycle Type . Drilling
Center: X : 0.0000

Y : 0.0000
Surface Height : 0.0000
Clearance Height : 0.2500 INC
'Rapid To' Depth : 0.1000 INC
Depth: Total : 0.5000 INC
Plunge Rate : 2.0000
Dwell Time :0.0000
Number of holes 4
Radius : 1.2500
Start angle . 45.00°

F8 - Graph Display a preview of the part up to this poiithis preview can

be used to detect problems that may occur if thiewss cut now.
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FIG. 2 - Graphics screen showing bolt holes andaitar pocket

ESC/CANCEL Return to the editing screen.

F10 - Accept Keep selected values.

F5 -Cycles Access the list of available Canned Cycles.

F7 - Frame Now add an outside frame to cut the flange ouwhefmaterial.

The flange is 3.0000 inches long by 3.0000 inchiele vand has
rounded corners with 0.2500-inch radii.

NOO50 Frame mill

Frame . Outside Rect
Center: X : 0.0000

Y 0.0000
Surface Height 0.0000
Length X 3.0000 INC
Width Y :  3.0000 INC
Corner Radius :0.2500
Depth: Total : 0.5000 INC
per Pass : 0.2500
Plunge Rate : 2.0000
Plunge Type : Ramped
Plunge Angle . 0.00°
Cut Type :  Conventional
Feedrate : 10.0000

F8 - Graph Display a preview of the part up to this poiithis preview can

be used to detect problems that may occur if thievgs cut now.
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FIG. 3 - Graphics screen showing part with bolt lesl and outer frame

ESC/CANCEL Return to the editing screen.

F10 - Accept Keep selected values.

F9 - Subpgm Access thénsert Subprogram screen.

F2 - Repeat We programmed the part to cut one copy only. \Weg want to
repeat the part 2 more times at an incrementadntst of 6 inches
along the X-axis. The part can now be cut intosteek mounted
into the two other fixtures. The part begins witk tircular
pocket in operatio#0003and ends with the linear mill in
operatior#0005 Presd$-2 - Z Hometo enter “Home” for
“Clearance Height.

NO060 Repeat

Start Block : NOO003

End Block : NOO0O05

Increment X : 6.0000
Y : 0.0000

Clearance Height : Home

Plunge Rate : 2.0000

Number of copies 2

F8 - Graph Display a preview of the parts. This preview banused to
detect problems that may occur if the part wasout.

ESC/ICANCEL Return to Repeat Subprogram.

F10 - Accept Keep selected values if you wish to cut thesedwioa parts. If
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ESC/CANCEL Creation of the part is complete. Intercon pangs automatically
turn the spindle and coolant off at the end.

F1 - File Presd-3 - Saveto save the part under its current name. H¥dss
- Save Asto save it under a new name.

F10 - Post The CNC file needed to run this part on your mill be
generated at this time. The Intercon program digpthe
operation number of the part it is processing asoiks through
each operation in memory:

—— Generating CNC Program
Block 0050

As it processes each operation, it checks faresathat, if used,
will cause incorrect code to be produced. If saclalue is
found, a message will appear on the screen algrtingf the
problem. For example, a problem with a Frame Mily
produce this message:

Message
Comer radius too small for Cutter...hit a key. ‘

Changes to the part would then be required to gtiayer code
generation to proceed. If no problems are encoedt@uring
code generation, the following message appears:

Message
CNC code generation successful ‘

You are now finished designing your part. In ortberun
your part, you now need to return to the CNC saoftwa
Program Finished!
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Milling the Part

Now that the part has been programmed, it is tormaitl it. Take your material and clamp it to tfadble. Remember
that the clamps must be positioned such that theyod interfere with the tool as it cuts. You nwdapose either to
place the clamps around the edges of the materisihé entire process and let the part drop thraymgin completion,
or you may wish to pause after milling the circiypackets and place clamps through the holes tceptdtie part from
moving. The second option decreases the charnte g@art being marred because it moved duringmgilli

Now you need to set your XYZ reference points.ethgour longest tool in the quill and follow theopedure listed

below:
PRESS

JOG KEYS

F1 - Setup

F1 - Part
F10 - Set
F1 - Next Axis
F10 - Set
F1 - Next Axis
F10 - Set

TOOL CHECK

ESC/CANCEL

F2 - Tool

F1 - Offset Lib.

F10 - Save
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COMMENTS

Jog the table so that your tool resttherstock at the location
that will represent X0 and YO.

Enter the CNC software Setup screea.al® going to establish
the part XYZ zero at the current tool location.

Access the Part Setup options.

Set your X zero position at current tocation.

Select the Y-axis next.

Set your Y zero position at current tocation.

Select the Z-axis next.

Set your Z zero position at current locétion.

Moves the quill to the Z home positibthe home position
has been set. Moves tool to Z+ limit switch asts home
position if not.

Leave Part Setup screen.

Access Tool Library Editor. This is thiace where we want to
measure the actual heights of our tools (sinceauddmot set the
actual values in Intercon).

You need to make sure that that tiameter and height offset
values are the correct ones for the tools you aireggo be using.
Inspect the values for DO01 and HOO1. D001 shbal@.375,
H1 should be 0.0000 (the two inch tool). If eitbéthese values
are incorrect, use the arrow keys to select theriect values.
Enter the new values in their places and pE$SER to accept
them.

NOTE: The tool heights used above are merely exampghteei
In order to accurately measure the heights of yaois, see the

description of measuring tool heights in Chapter 5.

Keep the updated tool offset libratyes.
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F2 - Tool Lib.

F10 - Save
ESC/CANCEL

ESC/CANCEL

CYCLE START

Tutorial Complete!
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Now you need to make sure that ¢achuses the correct
diameter and height offset values. Inspect theesafor TOO1.
T1 should use HOO01 and DOO1. If any of these \watue
incorrect, use the arrow keys to select the incorralues. Enter
the new values in their places and pfeS§ ER to accept them.
You may also select spindle and coolant settinggdar tools
here, or enter a short description of the tool.

Keep the updated Tool Library values.
Leave Tool Setup. Return to the CNfivgre Setup Screen.

Leave CNC software Setup. Return ®@G@NC software Main
Screen.

TheCYCLE START button is located on your jog panel. This
key will cause the mill to begin cutting your part
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Intercon Tutorial #2

This demonstration will show you how to created fath for a part from a blueprint using the MHigp function of
Intercon The tool path to be created is for the part showFigure 1 below.

4.0000"

2.0000" 1.0000"

0.7500" x 0.4250"

1.2500" R 3.1500" R

FIG. 1 - Part to be machined

Part Creation

The process of creating a part is called part piogning. Each feature of the part will become agraton in your
program. Before beginning, decide where you waeX0 andYO reference. For this particular demo, the centter o
the Bolt Hole pattern was selected for convenien&sginning from the Intercon File Menu (préds- File if the file
menu is not shown) the following series of keysé®lill describe the step-by-step process of desygime part
shown in Figure 1.
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PRESS

F1 - New

F4 - Tool

NO0O02 Tool change

COMMENTS

Create a new program by filling in the approgriptogram name
(we recommend_rod) and your name. PreEsiter or F10 -
Acceptto accept the new name. Enter “Intercon Tutatlfor
the description. Pre$s0 - Acceptto accept.

Describe the tool below. The position valuexgpavhere to do
the tool change. The Yes in the ‘Actual Tool Cleffigld turns
off the spindle and coolant upon reaching this spide a 0.1875
inch drill. The height and diameter are updateskdaon the
offsets. (The longest tool should have a 0.000ghteffset). If
this tool does not have the desired spindle (CVd)aolant
(Flood) settings, you should also select theseegala match
your particular machine setup.

Tool Number
Description
Position:

Tool H Offset
(Tool Height
Tool D Offset
Tool Diameter
Spindle Speed
Spindle Direction
Coolant Type

Actual Tool Change

1
. 0.187” Drill
X : 0.0000
Y : 0.0000
1
0.0000)
1
0.1875
1000
CW (M3)
Flood (M8)
Yes

Notice for this particular screen, the Tool heighows '0.0000', since it has the same tool hegtiteReference tool.
However, your screen may differ since Intercon caichange the Reference tool height in the Tooldrijp This will
change when you run this program. Refer to thesdeag Tool Heights in Chapter 5 for more details.

F10 - Accept
F5 - Cycles
F1 - Drill

F2 - Drill BHC

Keep selected values.
Access the list of available Canned Cycles.
Select drilling cycles

Select a bolt hole circle operation.

The clearance height is the Z height from whichabenward rapid traverse begins before each hoie also the Z
height to which the tool returns upon completiomolling the hole.

The 'Rapid To' depth is the Z height to which tha tapid traverses before drilling a hole.
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FIG. 2 - Bolt Hole Circle

NOOO3 Drill bolt holes

Cycle Type . Dirilling
Center: X : 0.0000
Y :0.0000

Surface Height :0.0000
Clearance Height : 0.5000 INC
'Rapid To' Depth :0.1000 INC
Depth: Total : 0.5100 INC
Plunge Rate : 2.0000[M]
Dwell Time :0.0000
Number of holes 5
Radius :0.9250
Start angle . 45.00°

F10 - Accept Keep selected values.

F4 - Tool Use a 0.2500 diameter end mill now. Notice thattool height

shown below is a negative value. This value reprissthe
difference in height between this tool and the kBigool being
used. The longest tool used (in this case, omerdD020 above)
has a height of 0.0000. Again, do not be alarméifT ool
Height is not -1 for operation NO040. If this talmes not have
the desired spindle (CW) and coolant (Flood) sgétityou should
also enter values specific to your machine setup.
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NO0004 Tool change

F10 - Accept
F5 - Cycles
F6 - Circ. Pocket

NOOQO5 Circular pocket

F10 - Accept
F5 - Cycles

F6 - Circ. Pocket

Tool Number
Description
Position:

Tool H Offset
(Tool Height)
Tool D Offset
Tool Diameter
Spindle Speed

Spindle Direction

Coolant Type

Actual Tool Change

2

0.250 Dia End Mill
0.0000
0.0000

2

(Your tool)
2

0.2500
1000

CwW (M3)
Flood (M8)
Yes

Keep selected values.

Access the list of available canned cycles.

Start with 1.2000 inch diameter Pocket.

Center:

Surface Height
Diameter
Cleanout
Depth:

Per Pass
Plunge Rate
Plunge Type

Plunge Angle
Rough Cuts
Stepover
Feedrate
Finish Pass
Amount
Feedrate

X
Y

Total

0.0000
0.0000
0.0000
1.2000
Yes
0.5100 INC
0.2500
2.0000 [M]
Ramped
0.00 °
Conventional
0.2000
2.0000 [M]
Climb
0.1000
2.0000 [M]

Keep selected values.

Access the list of available canned cycles.

Repeat above pocket cycle. The center X vald@0@ and the
diameter is 0.7500 inches.
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NOO060 Circular pocket

Center: X : 4.0000
Y : 0.0000
Surface Height :0.0000
Diameter : 0.7500
Cleanout : Yes
Depth: Total : 0.5100 INC
Per Pass :0.2500
Plunge Rate : 2.0000
Plunge Type : Ramped
Plunge Angle . 0.00 °
Rough Cuts . Conventional
Stepover :0.2000
Feedrate : 2.0000
Finish Pass . Climb
Amount :0.1000
Feedrate : 2.0000
F10 - Accept Keep selected values.
F5 - Cycles Access the list of available Canned Cycles.
F5 - Rect. Pocket Cut the first rectangular pocket.
NOO070 Rectangular pocket
Center: X : 2.0000
Y :0.0000
Surface Height :0.0000
Length X) : 0.7500 INC
Width (Y) : 0.4250 INC
Corner Radius :0.1875
Depth: Total : 0.2500 INC
Per Pass : 0.2500
Plunge Rate : 2.0000
Plunge Type . Ramped
Plunge Angle > 0.00 °
Rough Cuts :  Conventional
Stepover :0.1000
Feedrate : 2.0000
Finish Pass . None
Amount . 0.0000
Feedrate : 2.0000
F10 - Accept Keep selected values.
F5 - Cycles Access the list of available Canned Cycles.
F5 - Rect. Pocket Repeat above Pocket cycle. The center X valgeali&.0000.
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NOO080 Rectangular pocket

Center: X : 3.0000
Y : 0.0000
Surface Height :0.0000
Length (X) : 0.7500 INC
Width (Y) : 0.4250 INC
Corner Radius : 0.1875
Depth: Total : 0.2500 INC
Per Pass : 0.2500
Plunge Rate : 2.0000
Plunge Type . Ramped
Plunge Angle : 0.00 °
Rough Cuts : Conventional
Stepover :0.1000
Feedrate : 2.0000
Finish Pass : None
Amount : 0.0000
Feedrate . 2.0000
F10 - Accept Keep selected values.
F1 - Rapid Move to a location outside the part. The purpaighis move is

to prepare to use cutter compensation on the tool.

NOO009 Rapid traverse

End: X 5.0000
Y 0.5000
Z : 0.1000
Angle : 14.0365°
Length . 2.0615

F10 - Accept Keep selected values.

F2 - Linear Need to do a zero length move to move the cdtem to z-
depth before starting the lead in move to the piddt including
the zero length move to z-depth would confuse cetienp. and
cause the program to do weird things.

NO010 Linear Move

End X 5.0000

Y 0.5000

Z |: |-0.0500
Angle : | 0.0000
Length : | 0.0000
Connect Radius : | 0.0000
Feedrate : 110.0000

F10 - Accept Keep selected values.
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F7 - Cutter Comp

NOO0O11 Comp left

F10 - Accept

F3 - Arc

NOO012 Arc

Hit Spaceuntil Left cutter compensation is selected. Tdw t
must move outside of the part outline at a distartdeast equal
to its radius so the part outline is the correrg si

Keep selected values.

Mill up to the edge of the part to cut the first.aThis is called a lead-in move. The cutter
compensation selected above needs a lead-in mawreén to position the cutter before
milling the actual part.

Arc Type: . EP&R
Mid X
Y
Z
End X 4.625
Y 0.0000
Z -0.0500
Center: X
Y
Z
Angle ;
Radius . .5
Plane . XY
Direction . CCW
Connect Radius : 0.0000
Feedrate : 10.0000
Angle <= 180 . Yes

You will see that after you enter in these valules,other points and arcs will be entered in autmaldy.

F10 - Accept

F3 - Arc

Keep selected values.

The first arc to be cut is labeled as ARC 1 in Fégd below. The
start point, labeled P1, is the end point of thevjmus move. The
end point of the arc will be generated with MatHg-deWNe will

be using end point and radius (EP&R) arcs.
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FIG 3. - Tangent point and arc reference.

1.2500" R

NOO13 Arc

F6 - Math Help

4.0000"

2.0000"

1.0000"

0.7500" x 0.4250"

3.1500" R

6

Arc type EP&R
Mid X
Y
Z
End: X 4.6250
Y 0.0000
Z -0.0500
Center: X
Y
Z
Angle
Radius .625
Plane XY
Direction Ccw
Connect Radius 0.0000
Feedrate 10.0000
Angle <= 180° Yes

M-Series Operator’s Manual
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We are trying to find end points for the arcd thake up the
outside edge of the part. Note: the main Math Hedmu will list
all available Math Help solvers.
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F6 - Tangent Arc Arc Arc

F2 - Next Soln

This scenario will generate tangent points P2 ePRigure 3.
Enter the values as shown below:

Arc Tangent Arcs:

Circle 1:
X
Y
Radius

Circle 2:
X
Y
Radius

Radius

4.0000
0.0000
0.6250

0.0000
0.0000
1.2500

3.1500

Intercon will calculate the missing values fasthcenario.

Find scenario that corresponds to the actuallzetsy milled.
Observe Figure 4. Point T1 is the one needed.

FIG. 4 - Screen showing Math Help Arc Tangent Arolsitions

ARROWS

F9 - Graphic on/off

@ (ARROW)

If necessary, move the block cursor to the Tangetfield as
shown above. Note: Use only xand < >. If you press the
right arrow, press the left arrow to get back t® thath Help

fields.

Press to hide the graphical display and reveahth operation

behind it.

Move the cursor to the arc operation. The dalliittk cursor on
the left side of the screen will be replaced byatiined
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ARROWS

F8 - Copy >>>

F8 - Copy >>>

ARROWS

F6 - Hide Math

F8 - Graph

rectangle and the solid block will appear in the @peration on
the right.

Move the block cursor to the End X field of thre aperation. As
before, use only<> and < >.

Transfer the tangent point T1 value for X inte #nd point X
coordinate. The active fields on both sides ofstreen advance
automatically.

Transfer the tangent point T1 value for Y inte #nd point Y
coordinate.

Move down to the radius field and enter the radifithe arc
labeled as ARC 1 in Figure 3. (This radius is B(BR.).

Arc type EP&R
Mid X
Y
Z
End X 3.7746
Y -0.5829
Z -0.0500
Center: X
Y
Z
Angle
Radius 0.6250
Plane XY
Direction Ccw
Feedrate :10.0000
Angle <= 180° . Yes

Hide Math Help temporarily. (We will return later pick up the
other tangent points.)

Observe Figure 5. The graphics show a previethepart up to
this point. This preview can be used to detecbleros that may
occur if the part was cut now.
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FIG. 5 - Draw screen showing Bolt Holes, Pocketsdafirst arc of part

ESC/CANCEL

F10 - Accept

F3 - Arc

NO014 Arc

~—(UP/DOWN)

F6 - Math Help

Return to the editing screen.

Keep selected values. The other arc values gacalated for
you.

The next arc to be cut is labeled as ARC 2 infé@. The start
point is labeled P2, the end point of the last arc.

Move down to the End X field. This selects Ends{the
destination of the Math Help solution.

Redisplay the Math Help values calculated forls¢ arc. The
screen will look like figure 6, below.
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FIG. 6 — New arc 2 entry screen shown with solutior arcs 1 and 2 of Figure 3.

~~(UP/DOWN)

F8 - Copy >>>

F8 - Copy >>>

F6 - Hide Math

~~(UP/DOWN)

If necessary, move the block cursor to the Tangeftfield as
shown above. The rectangle at End X shows thtlibe the
destination of the copy.

Transfer the tangent point T2 value for X inte #nd point X
coordinate. The active fields on both sides ofstreen advance
automatically.

Transfer the tangent point T2 value for Y inte #nd point Y
coordinate.

Hide Math Help temporarily.
Move down to the radius field and enter the radiuhe arc

labeled ARC 2 in Figure 3 (this radius is 3.150¢hies). Set the
direction to “CCW".
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F10 - Accept

F3 - Arc

NOO15 Arc

~(UP/DOWN)

F6 - Math Help

F9 - Graphic on/off

F1 - Prev Soln

Arc type EP&R
Mid X
Y
Z
End: X 0.7496
Y -1.0003
Z -0.0500
Center: X
Y
Z
Angle
Radius 3.1500
Plane XY
Direction cCcw
Feedrate : 10.0000
Angle <= 180° . Yes

Keep selected values.

The third arc to be cut is labeled as ARC 3 guké 3. The start
point is labeled P2, the end point of the previanes The end
point of the arc will be generated with Math Help.

Move down to the End X field. This selects Ends<the
destination of the Math Help solution.

Redisplay the Math Help values calculated forl#isé arcs.

Redisplays the diagram of the scenario selectedltulate arcs 1
and 2 on Figure 3.

Continue pressing F1 until you arrive at the scienshowing arcs
3 and 4 in Figure 3 (in this case, solution #hesappropriate
one)
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FIG. 7 - Math Help solution for arcs 3 and 4.

~—( ARROWS)

@ (ARROW)

~—( ARROWS)

F8 - Copy >>>

F8 - Copy >>>

~"(ARROWS)

Press to highlight the needed tangent point Xdiaate in Math
Help. Tangent point T2 is the one you want thigeti

Press to remove the graphic display and moveursor to the

arc operation. (This shortcut saves you from pngds9 —
Graphic on/off to hide the graphics each time.) The solid block
cursor on the left side of the screen will be repthby an

outlined rectangle and the solid block will appeethe arc
operation on the right.

Move the block cursor to the End X field of thre aperation.

Transfer the tangent point T2 value for X inte #nd point X
coordinate. The active fields on both sides ofstreen advance
automatically.

Transfer the tangent point T2 value for Y inte #nd point Y
coordinate.

Move down to the radius field and enter the radifithe arc
labeled ARC 3 in Figure 3. (This radius is 1.2%t€hes). Also,
enter in No for the angle of this arc, since gisater than 180°.
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F10 - Accept

F3 - Arc

NO016 Arc mill

~"(ARROWS)

F6 - Math Help

Arc type EP&R
Mid: X
Y
Z
End: X 0.7496
Y 1.0003
Z -0.0500
Center: X
Y
Z
Angle
Radius 1.2500
Plane XY
Direction Ccw
Feedrate :10.0000
Angle <= 180° - No

Keep selected values.
The fourth arc to be cut is labeled as ARC 4igufe 3. The start

point, labeled P3, is the end point of the previares The end
point of the arc will be generated with Math Help.

Move down to the End X field. This selects Ends{the
destination of the Math Help solution.

Re-display the Math Help values calculated ferltst arc.

FIG. 8 - New arc 4 entry screen shown with solutiésr arcs 3 and 4 of Figure 3.
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Highlight the needed tangent point X. Tangenh{p®l is the
one you want this time.

If necessary, move the cursor to the arc operainal select the
End X field.

Transfer the tangent point T1 value for X inte #nd point X
coordinate. The active fields on both sides ofstreen advance
automatically.

Transfer the tangent point T1 value for Y inte #nd point Y
coordinate.

Hide Math Help.
Move down to the radius field and enter the radifithe arc

labeled ARC 4 in Figure 3. (This radius is 3.1%@thes). Be
sure to set the direction to CCW.

N <XN<XN<X

EP&R

3.7746
0.5829
-0.0500

3.1500
XY
CCw
10.0000
Yes

-~ (UP/DOWN)

ARROWS

F8 - Copy >>>

F8 - Copy >>>

F6 - Hide Math

ARROWS
Arc type
Mid:
End:
Center:
Angle
Radius
Plane
Direction
Feedrate
Angle <= 180°

F10 - Accept

F3 - Arc

Keep selected values.

Mill the arc labeled as ARC 5 in Figure 3 baclptint P1.
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NOO017 Arc mill

Operation type . EP&R
Mid: X
Y
Z
End: X 4.6250
Y 0.0000
Z -0.0500
Center: X
Y
Z
Angle :
Radius . 0.6250
Plane o XY
Direction . CW
Feedrate : 10.0000
Angle <= 180° . Yes
F10 - Accept Keep selected values.
F3 - Arc Move tool away from the edge of the part afterldst arc.
NO0018 Arc mill
Arc type . EP&R
Mid: X
Y
Z
End: X 5.0000
Y -0.5000
Z -0.0500
Center: X
Y
Z
Angle ;
Radius : 0.5000
Plane . XY
Direction . CCW
Feedrate :10.0000
Angle <=180° . Yes
F10 - Accept Keep selected values.
F7 - Cutter Comp Hit the space bar until cutter compensationiised Off'. Itis no

longer needed.
N0019 Comp off

F10 - Accept Keep selected values.
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F1 - Rapid

NO0020 Rapid traverse

Move the tool away from the part. This is calelkad-out move.
When cutter compensation is turned off, the compigos is
removed during the next move. This must be doradldoav the
CNC software to correct its position.

End:

Angle
Length

X 5.0000
Y : -0.5000
Z 0.1000
0.0000°

0.0000

F10 - Accept
F9 - Subpgm

F1 - Depth Repeat

NO0021 Repeat to Depth

Keep selected values.
Access th&ubprogram screen.

We programmed the outer contour of the part abdbr tool
would only penetrate a small portion of the matgréa pass. We
now want to repeat the outer contour operationt tinet tool has
cut the entire way through the material (the assLmaterial
thickness is 0.5 inches). The outer contour begitisthe
Plunge in operation NOO11 and ends with the Limdiflrin
operation NOO17.

End Block

Start Block

Total Depth
Depth Increment
Clearance Height
Plunge Rate

0011

0020

0.5100 INC
0.0500 INC
0.2500
5.0000

F10 - Accept

F1 - Rapid

N0022 Rapid traverse

Keep selected values.

Move the tool away from the part. This is calelkad-out move.
When cutter compensation is turned off, the compigos is
removed during the next move. This must be doradldoav the
CNC software to correct its position.

End:

Angle
Length

0.0000
0.0000
3.0000
174.2894°
5.0249

N < X

F10 - Accept

Keep selected values.
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ESC/CANCEL

F8 - Graph

Creation of the part is complete. Intercon praggautomatically
turn the spindle and coolant off at the end.

Display a preview of the finished part. Just maklire that the
finished part is going to look the way you wartbit The display
shown in Figure 7 has rulers placed around thewuarview
windows that are scaled to the same size as theligptayed to
allow visual inspection of the part. Remembers fireview
shows where the center of the current tool will m¢autter
compensation is not represented except in pockktrame
displays).

FIG. 9 - Draw screen showing complete part
ESC/CANCEL

F1 - File

F10 - Post

Return to Main screen.

Go to the File Menu. PreB$ - Saveto save under the current
file name or presB4 - Save Ado save the program under a
different name.

The CNC file needed to run this part on your mill be
generated at this time. The Intercon program digpthe
operation number of the part it is processing asitks through
each operation in memory:
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Generating CNC Program

Block 0050

As it processes egoération, it checks for values that, if used,
will cause incorrect code to be produced. If saslalue is
found, a message will appear on the screen algrtingf the

problem. For example, a problem with a rectangpderket may
produce this message:

Message
Corner radius too small for Cutter...hit a key. ‘

Changes to the pantild then be required to allow proper code
generation to proceed. If no problems are encoedt@uring
code generation, the following message appears:

Message
CNC code generation successful ‘

You are now at the main menu again.

You are now finished designing your part. Inesrtb run your
part, you now need to return to the CNC software.

Program Finished!
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Milling the Part

Now that the part has been programmed, it is tormaitl it. Take your material and clamp it to tfadble. Remember
that the clamps must be positioned such that tbeyodlinterfere with the tool as it cuts. You nwapose to place the
clamps around the edges of the material for thieeeptocess and let the part drop through upon ¢etiop, or you
may wish to pause after milling the circular poskand place clamps through the holes to prevemaherom
moving. The second option decreases the chante g@iart being marred because it moved duringmgilli

Now you need to set yoYZ reference points. Insert your longest tool ingb#él and follow the procedure listed
below:

PRESS COMMENTS

JOG KEYS Jog the table so that your tool rests on thekstibthe location
that will represent X0 and YO.

F1 - Setup Enter the CNC software Setup screen. We areggoiestablish
the part XYZ zero at the current tool location.

F1 - Part Access the Part Setup options.

F10- Set Set your X zero position at current tool location

F1 - Next Axis Select the Y-axis next.

F10 - Set Set your Y zero position at current tool location

F1 - Next Axis Select the Z-axis next.

F10 - Set Set your Z zero position at current tool location

TOOL CHECK Moves the quill to the Z home position if the reposition
has been set. Moves tool to Z+ limit switch asts home
position if not.

ESC/CANCEL Leave Part Setup screen.

F2 -Tool Access Tool Library Editor. This is the placeemawe want to
measure the actual heights of our tools (sinceauddmot set the
actual values in Intercon).

F1 - Offset Lib. You need to make sure that the tool diameterhaight offset

values are the correct ones for the tools you aireggo be using.
Inspect the values for D001, HO01, D002 and HODQ01
should be 0.1875, H1 should be 0.0000 (the two inol),

D002 should be 0.2500 and HO02 should be -1.Q@0one inch
tool). If any of these values are incorrect, usedrrow keys to
select the incorrect values. Enter the new valuéseir places
and presENTER to accept them.

NOTE: The tool heights used above are merely example bhis. In order to accurately measure the heightsfo
your tools, see the description of measuring tooldights in Chapter 5.
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F10 - Save

F2 - Tools

F10 - Save
ESC/CANCEL

ESC/CANCEL

CYCLE START

Tutorial Complete!

Keep the updated tool offset library values.

Now you need to make sure that each tool usesaifiect
diameter and height offset values. Inspect theesafor TO01
and T002.T1 should use HOO01 and DQGghile TO02 should use
HO002 andD002. If any of these values are incorrect, uge th
arrow keys to select the incorrect values. Ertemew values in
their places and preENTER to accept them. You may also
select spindle and coolant settings for your thel®, or enter a
short description of the tool.

Keep the updated Tool Library values.
LeaveTool Setup Return to th&€NC software SetupScreen.

LeaveCNC software Setup Return to th&€€NC software Main
Screen.

TheCYCLE START/START button is located on your jog
panel. This key will cause the mill to begin aodtiyour part.
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Measuring Tool Heights

The following is a brief description of the methaskd to measure tool height values (offsets). Witllneed to insert
a reference tool into the quill before beginningtr more information also see chapter 5.

PRESS

F1 - Setup

F2 - Tool

F1 - Offset Lib.

JOG ARROWS

F1 - Z Ref

TOOL CHECK

ARROWS

JOG ARROWS

F2 - Manual

F10 - Save

ACTION

COMMENTS
From the main screen enter the Setup.
Enter tool screen.
Enter the tool offsets screen.

You need to jog your reference tool down solctes the top of
some surface.

Set your Z reference position. This is the vahat appears on
the DRO when the reference tool touches the tapeofurface.

Move the quill up to the Z home position. Ingée first
tool to measure.

Select height offset which holds the height &f fiinst tool.

Jog the tool down until it touches the same sarfes did the
reference tool.

Record the height of the first tool.

Now repeat the last four steps above (from TOGIECK to F2
- Manual) for each additional tool to measure.

Store modifications to offset library of your teo
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Chapter 11
CNC Program Codes

General
The next three chapters contain a description®fdNC program codes and parameters supported -Beries
Control. The M-Series Control has some G codegpanameters that are modal, and some that areshmwis."
The G codes and parameters that are modal willistaffect until a new G code or parameter is ids@ne shots
are effective for the current line only. For exdena movement command of G1, which is modal, reithain in
effect until a different movement command is issisadh as GO, G2, G3, etc.

Miscellaneous CNC Program Symbols

D - Tool Diameter Offset Number

D is used to select the Tool Diameter Offset frbm offset library. The D code values are storethénOffset
Library. Tool Diameter Offsets can be specifiegitane before Cutter Comp is turned on (G41 or GAhce
specified, the offset amount is stored and willydsg changed when another D code is entered therddas
modal. The Tool Diameter Offset (D) can be placeddine by itself or on a line with other G-codes.

Example:
XO0YOF10 ;
G41 D2 ; Enables cutter comp left with diameter D2
G1X0YO ;
X1Y1.25 ; Cutter compensated moves
X2Y1.4 ;
G40 ; Cutter compensation off
G42 ; Enables cutter comp. right (still using D2)

E - Select Work Coordinate System

E1 through E18 select among the 18 work coordiggiéems. For more information on work coordingttems
see chapter 4.

F - Feedrate
The F command is used to set the cutting feedrBite. feedrate is expressed in units/minute. Thgrammed
feedrate may be modified by the feedrate overrigzbk(2 - 200% for DC systems and 2 — 100% for A§teays).
The default feedrate is 3.0 units/minute. Unityina inches or millimeters.

Example:
G90 G1 X1.0 F50 ; linear mill to X1 at 50 units/min ute
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H - Tool Length Offset Number

H is used to select the Tool Length Offset NumbEne H code offset amounts are stored in the fifsgDLibrary.
Tool Length Offsets can be specified anytime befo@43 or G44 is issued. Once specified the offseunt is
stored and will only be changed when another H ée@atered therefore, H is modal. The Tool Ler@tfset (H)
can be placed on a line by itself or on a line wither G-codes. HOO is always a 0.0 length offset.

Example:
H1 ; Selects offset corresponding to H1.
G43 Z3 ; Moves to Z3 using H1 offset.
G1X0Y1 ;
H3 ; Selects offset corresponding to H3.
X1Y1.25 ;
GOH5 ; Selects offset corresponding to H5.

* NOTE: For editing instruction for the offset tdry see chapter 5. For information on length cemsgation
functions see G43 and G44 in Chapter 12.

N - Block Number

Block numbers are used to identify CNC programdinBlock numbers are optional, but can be usedeas
destinations of GOTO statements (see Advanced Mauwrthis chapter) and targets of the Search Fam¢Bee
Main Screen Search option in Chapter 3). Blockloers also can make reading the NC files easier.

Example:
N1 G90 G17 M25
N2 GO X0 YO0 z0

O - Program Number

The O program number allows you to identify yousgram with a certain number. However, if the sfedi
program number is 9100-9999, the G codes from the@ber through the next M99 will be extracted (oot
executed) and placed in a separate subprogram/rilecnamed Oxxxx.cnc, where xxxx is the specifggdgram
number. This separate file can later be called Wi#8 or G65.

Example:
01521
N1 G90 G17 M25
N2 GO X0 Y0 Z0

P - Parameter

P can correspond to Dwell Time, subprogram nundrea, general parameter in canned cycles. Thised as a
variable for any of those values in the NC file.

Examples:
G4 P1.32 ; Pause execution for 1.32 seconds
G10 P73 R.1; Set parameter #73 (G73 retract) to .1 inches
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Q - Parameter
Q is used as a depth parameter in canned drilijnkgs.

Example:
G73 X1.5Y2.0Z-.75 R.25 Q.25 F5; Q Sets the depth cut at .25

R - Radius, Return Point, Parameter

R can represent the radius, a return point, onargé parameter. This is used as a variable fpioathose values
in the NC file. R is similar to the P parameter.

Examples:
G10D5R.5 ; sets tool diameter #5 to 0.5” in the offset library
G81 X0 YO0 Z-.5 R.1 F15; drill to Z-.5 with return height of .1

S - Spindle Speed Setting

Specifying a spindle speed causes the automatidigpspeed setting to be immediately updated.ingetie
spindle speed does not cause the spindle to §tag.maximum spindle speed is used to computeutmibvalue
to the spindle speed control circuit.

Example:
S1400 M3 ; Starts the spindle CW at 1400 RPM

* NOTE: The Spindle Speed is used in conjunctidththe maximum spindle speed to determine theadctu
spindle speed output to the PLC. Also, this ontyks when a VFD (Variable Frequency Drive) spindiie is
connected.

T - Select Tool

Prompts the operator to insert the proper toohange tools, when M6 is encountered.

Example:
T1 M6 ; Prompt operator to load tool number 1
T2 : No action
GOX0YO0; move to X0 YO
M6 ; prompt operator to load tool number 2

. - Visible Comment Identifier

The colon (:) is used to indicate the start of meent line within a CNC program. The colon mustheefirst
character on the line.

Example:
: select absolute positioning
G90
: XY plane
G17
:Visible comments will be displayed on screen wiita G-codes.
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- - Internal Comment Identifier

The semicolon (;) is used to indicate the stadrointernal comment within a CNC program line. éiaracters

after the semicolon are ignored when the programris Internal comments are used to document NGrams or
temporarily omit the remainder of a line.

Example:
G90 ; select absolute positioning
G17 ; XY plane
G1X1Y1F10

GO ; X0 YO ; GO selected with no movement

[ ] — Numerical Expression

The left bracket ‘[* and right bracket ‘]" are ustmldelimit a numerical expression. Numericalreggions can
contain floating-point numbers or user and systanmables in combination with mathematical operatord
functions. The left parenthesis ‘(* or bracketdhd right parenthesis ‘)’ or bracket T can beeddetween the first
left bracket and last right bracket to force opararecedence or associatively. A bracketed nuakexpression
can be used anywhere a number would be used. Compaperators (‘eq’, ‘ne’, etc.) have built iruraling
specified by parameter 144. Without this roundiag; would usually return “false” when comparinga

numbers calculated in different ways. Comparigeerators and logical operators (*!", ‘&&’, ‘||') tarn 1.0 for
“true” and 0.0 for “false”.

The mathematical operators and functions are:

+ Addition (or unary positive) # Variable access
- Subtraction (or unary negative) eq or == Equals
* Multiplication ne or != Not equals
/ Division ge or >= Greater than or equals
A Exponentiation gtor > Greater than
Mod or % Modulo (remainder of a division) le or <= Lessthan or equals
abs Absolute value It or < Less than
sin Sine (degrees) not or ! Logical NOT
cos Cosine (degrees) && Logical AND
tan Tangent (degrees) I Logical OR
sgrt Square root and Bit-wise AND
asin Arc Sine (degrees) Xor Bit-wise exclusive OR
acos Arc Cosine (degrees) or Bit-wise OR
atan Arc Tangent (degrees) ~ Bit-wise complement
Examples:
G91 X[13/64] Z[1+3/8] ; move the X axis 13/64 (0.2 031) units
; and the Z axis 1 3/8 (1.37 5) units incrementally
X[SQRT[ABS[SIN[#101]-COS[#102]]]] ; Move X as a fun ction of #101 and #102

$ - ASCII Code Substitution

The ‘$’ symbol followed by an ASCII code is an attate way of specifying a letter. Only ASCII codis— 90
(‘A’='Z) are valid. This substituion can be us&here a letter command or axis label is normgbgcified.

Examples:
GO0 $88 2.0 ; Rapid move X to 2.0 ( Equivalent to GO0 X2.0)
$71 0 $[88+2] 3.0; Rapid move Z to 3.0 ( Equivale ntto GO0 Z3.0)
M26 /$90 ; Set Z home ( Equivalent to M2 6/2)

M-Series Operator’s Manual 4/9/15 11-4



#, = - User or System Variable reference
The # character is used to reference a macrousea or system variable. For variables that eawtitten, the ‘=’
is used to assign to them. General purpose usebles are #100 to #149 and #29000 to #31999.

Index Description Returns R/W
1-3 Macro arguments A-C R/W
4-6 Macro arguments |-K (1st set) R/W
7-9 Macro arguments D-F or 2nd set of I-K R/W
10 3rd | (G is invalid) _ ) ) i | RIW
11 Macro argument H or 3rd J The floating point value if dgflned YRIW
12 3rd K (L is invalid) a G65 call, 0.0 otherwise. R/W
13 Macro argument M or 4th | These can be used as private, log aIR/W
12 th \']<(Nois_ "?"a"?()j variables in any program o’r E/\/\x
16 Sih I (I(D i;Sir:C\;ﬁ(;)) subprogr_am except in custom mag rCR/\N
M functions. In custom macro M
17-18 Macro argument Q-R or 5th J-K functions, the macro arguments a| eRW
19-21 Macro arguments S, T,U or 6th set of I-K passed in by reference. R/W
22-24 Macro arguments V,W,X or 7th set of I-K R/W
25-27 Macro arguments Y,Z or 8th set of I-K R/W
28-30 9th set of I-K R/W
31-33 10th set of I-K R/W
100 - 149 User variables Floating-point valueitidfized to R/W
0.0 at start of job processing
150 — 159 Nonvolatile user variables Floating-pemitie saved in R/W
cncm.job.xml file.
300-399 User string variables. These variablesnéeheir |String Literal R/W
values until the CNC software is exited
2400, 2401-2418Active WCS, WCS #1-18 CSR angles R/W
2500, 2501-2518Active WCS, WCS #1-18 Axis 1 values R/W
2600, 2601-2618Active WCS, WCS #1-18 Axis 2 values R/W
2700, 2701-2718Active WCS, WCS #1-18 Axis 3 values R/W
2800, 2801-2818Active WCS, WCS #1-18 Axis 4 values Floating point value R/W
2900, 2901-2918Active WCS, WCS #1-18 Axis 5 values R/W
3000, 3001-3018Active WCS, WCS #1-18 Axis 6 values R/W
3100, 3101-3118Active WCS, WCS #1-18 Axis 7 values R/W
3200, 3201-3218Active WCS, WCS #1-18 Axis 8 values R/W
3901 Parts Cut (Part #) R/W
3902 Parts Required (Part Cnt) R/W
4001 Move mode 0.0 (rapid) or 1.0 (feed) R
4003 Positioning mode 90.0 (abs) or 91.0 (inc) R
4006 Units of measure 20.0 (inches) or 21.0 (metric R
4014 WCS 54.0-71.0 (WCS#1-18) R
4109 Feedrate (F) Floating point value R
4119 Spindle Speed (S) R
4120 Tool Number (T) R
4121 Current height offset number (H) R
4122 Current diameter offset number (D, mill only) R
4201 Job processing state 0 = normal, 1 = graph R
4202 Job Search mode 0 = search mode off R
1 = searching for line number
2 = searching for block number N_|
3 = searching for Tool number
4 = resuming job
5021-5028 Machine Position (X=5021, Y=5022, etc.) Floating point value R
5041-5048 Current Position (X=5041, Y=5042, etc.) R
9000-9399 Parameter values 0 — 399 See Chapter 14 R
9900-9999 Parameter values 900 — 999 See Chapter 14 R
10000 Mill: Height offset amount, active H Floatipgint value R/W
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Index Description Returns R/W
10001-10200 | Mill: Height offset amount, HO01 — H200 Floating point value R/W
11000 Mill: Diameter offset amount, active D Floafipoint value R/W
11001-11200 | Mill: Diameter offset amount, DO01 —0D2 Floating point value R/W
12000 Mill: Tool H number, active tool (T) 0 -200 R/W
12001-12200 | Mill: Tool H number, tools 1 - 200 200 R/W
13000 Mill: Tool D number, active tool (T) 0 -200 R/W
13001-13200 | Mill: Tool D number, tools 1 - 200 200 R/W
14000 Mill: Tool coolant, active tool (T) 7,8,9 R
14001-14200 | Mill: Tool coolant, tools 1 — 200 798, R/W
15000 Mill: Tool spindle direction, active tool (T) 3,4,5 R/W
15001-15200 | Mill: Tool spindle direction, tools 200 3,4,5 R/W
16000 Mill: Tool spindle speed, active tool (T) &lmg point value R/W
16001-16200 | Mill: Tool spindle speed, tools 1 - 200 Floating point value R/W
17000 Mill: Tool bin number, active tool (T) Floagj point value R/W
17001-17200 | Mill: Tool bin number, tools 1 - 200 o&ding point value R/W
18000 Mill: Tool putback, active tool (T) Floatimpgint value R/W
18001-18200 | Mill: Tool putback, tools 1 — 200 Flogtpoint value R/W
19000 Tool Life Data: Tool T1 Tool Type 0 = Drill,= End Mill R/W
19001 Tool Life Data: Tool T1 Total Life Floatingint value R/W
19002 Tool Life Data: Tool T1 Used Life Floatingipovalue R/W
19003 Tool Life Data: Tool T1 Units 0 = Cycles, 1reh/mm distance R/W
19004 Tool Life Data: Tool T1 Update Mode 0 = Malhnla= Auto R/W
19005-19009 | Tool Life Data for Tool T2 see 19000049 above R/W
19010-19014 | Tool Life Data for Tool T3 see above WR
19015-19999 | Tool Life Data for Tools T4 through 020 see above R/W
20001-20008 | max_rate for axes 1-8 R
20101-20108 | label for axes 1-8 R
20201-20208 | slow jog for axes 1-8 R
20301-20308 | fast jog for axes 1-8 R
20401-20408 | screw_pitch for axes 1-8 R/W

20501-20508

lash_comp for axes 1-8

20601-20608

counts_per_unit for axes 1-8

20701-20708

accel_time for axes 1-8

20801-20808

deadstart velocity for axes 1-8

20901-20908

delta vmax for axes 1-8

21001-21008

counts_per_turn for axes 1-8

21101-21108

minus_limit for axes 1-8

21201-21208

plus_limit for axes 1-8

21301-21308

minus_home for axes 1-8

21401-21408

plus_home for axes 1-8

21501-21508

reversed for axes 1-8

21601-21608

laser_comp for axes 1-8

21701-21708

proportional for axes 1-8

21801-21808

integration_limit for axes 1-8

21901-21908

kg for axes 1-8

22001-22008

integral for axes 1-8

22101-22108

kvl for axes 1-8

22201-22208

derivative for axes 1-8

22301-22308

ka for axes 1-8

22401-22408

num_motor_poles for axes 1-8

22501-22508

drive_current for axes 1-8

22601-22608

drive_offset _angle for axes 1-8

22701-22708

pwm_kp for axes 1-8

22801-22808

pwm_ki for axes 1-8

22901-22908

pwm_kd for axes 1-8

23001-23008

abrupt_kp for axes 1-8

23101-23108

feed_forward kp for axes 1-8

23201-23208

max_error (PID) for axes 1-8

puipsipipiprlpviplpvipviipslplpuiplplpelpelipvipslpelipviipslplpuipelpl pelpelpe)
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Index

Description

Returns

23301-23308

min_error (PID) for axes 1-8

23401-23408

at_index_pulse for axes 1-8

pelel Py
2

23501-23508

travel _minus for axes 1-8

23601-23608

travel plus for axes 1-8

R/

23701-23708

axis_home_set for axes 1-8

23801-23808

abs_position (in encoder counts) fesdx8

23901-23908

PID_out for axes 1-8

24001-24008

reference set for axes 1-8

24101-24108

Axis reference value for axes 1-8

24201-24208

tilt table level offsets for axes 1-8

24301-24308

dsp positions for axes 1-8

24401-24408

abs_position (in encoder counts) fesdx8

24501-24508

dsp positon in local cooridinates farsal-8

24601-24608

local probing +limit position for axe8

24701-24708

local probing -limit position for axe$

24801-24808

probe stylus compensation amount fes &8

puipsipulpulpelpvipelpelpuipelpelpy)

24901-24908

servo controlled axis indicator forsake3

0=no, 1 =yes

25000

DRO _display units

25001

default_units_of measure

25002

PLC_type

25003

console_type

25004

jog_panel_optional

25005

min_spin_high

25006

max_spin_high

25007

home_at powerup

25008

screen_blank time

25009

Displayed / Calculated spindle speed. If param
78 =1 and spindle encoder is mounted.

eter

puipsipipuipelpulpuipelpelpy)

25010

current spindle position (in counts)

25011

dsp_time (in seconds)

25012

time (in seconds)

25013

clear max/min PID errors

25014

software type (Mill/Lathe)

25015

feedrate override

25016

spindle override

25017

0S

Windows/LINUX = 2; other OS = 1.

25018

CNC series number (11 for CNC11)

25019

Software version number

25020

Software Beta revision number

25021

Digitizing boundary hit

hit=1, nothit=0

25022

last M115/116/125/126 probe trip

1 = tripp@d, not tripped

25023

Drive type

0 = Standard, 1 = Legacy DC,
2 = Legacy AC

;U;U;U;U;U;U;U;U;U;U;U;U;U;U

25101-25108

Encoder counts away from index pulsexes 1-§

Counts away from index pulse.
Values less than 0 means that inde|
pulse is not detected yet.

Py

26001-26008

dsp mechanical machine positions fes 4x8

26101-26108

dsp mechanical local positions for 4x8s

26201-26208

local + travel limit position for axes

26301-26308

local - travel limit position for axe8

26401-26404

Axis 1 reference points 1-4

26501-26504

Axis 2 reference points 1-4

26601-26604

Axis 3 reference points 1-4

26701-26704

Axis 4 reference points 1-4

26801-26804

Axis 5 reference points 1-4

26901-26904

Axis 6 reference points 1-4

27001-27004

Axis 7 reference points 1-4

27101-27104

Axis 8 reference points 1-4

pelpvipuipulpeipvipulpelpulpeiipel e
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Index Description Returns R/W
27201-27208 | ACDC drive estimated brake wattagefas 1-8 R
27301-27308 | Real motor encoder positions for ax@s 1 Motor encoder positions that accoy R

for lash, MPG, and scale offsets.

(Note that these can be different from

what is displayed as Abs Pos in the

PID menu.)
27401-27408 | Scale encoder positions for axes 1-8 R
29000-31999 | User variables. These variables rétain values |Floating point value R/W

until the CNC software is exited.

50001-51312 | PLC Inputs 1-1312 Jog Panel is on 0811312 R
60001-61312 | PLC Outputs 1-1312 Jog Panel is on1D8T-1312 R
70001-71024 | PLC Memory Bits 1-1024 R
80001-89999 | Reserved R
90001-90064 | Timer 1-64 status bits R
91001-91064 | Reserved R
92001-92064 | Reserved R
93001-93256 | Stage 1-256 status bits R
94001-94256 | Fast Stage 1-256 status bits R
95001-95256 | Reserved R
96001-96044 | W1-W44 (32-bit signed integers) R
97001-97022* | DW1-DW22 (64-bit signed integers) R
98001-98044 | FW1-FW44 (32-bit floats) R
99001-99022 | DFW1-DFW22 (64-bit floats) R

* Since user or system variables are turned inbailjte) floating point values when referenced irivaror
G-code program, the 64-bit integer values loseigi@t when they exceed(9,007,199,254,740,992).

Examples:

#100 = #5041 ; set user variable #100 to the
G90 X[#5041+1+7/32] ; move the X axis 1 7/32 units
#2501 = #5021 : set WCS#1 X value to the curr
#2703=[#2703+1/8] ; add 1/8 units (.125) to the W

X axis current position
(1.2188) incrementally
ent X position
CS#3 Z value

; Subroutine parameter and local variable access.

G1 X#A Y#B Z#C F#F ; move to the coordinates passe d as parameters

#[Q] = #F * .10 ; Assign local variable #Q to 1 0% of #F
#17 =#7*.10 ; Same statement as previous us ing number references.
#[C] = 0.05 ; Reassign #C. (Value passed as parameter is lost.)

Advanced Macro Statements

NOTICE  Branching and conditional execution are extremehyerful tools that, combined with
access to system variables, allow you to do maimgshthat would otherwise be
impossible. Nevertheless, using branching and ¢@mail execution can introduce
undesirable and even unpredictable behavior intw poograms. Undesirable effects
can occur simply by graphing a program. The le&tltese undesirable effects could be
entering an endless loop, failing to draw anythmrgwiping out all the information in
your tool library or WCS settings. It is your pesisibility to make sure that undesirable
things do not happen in your programs. You mustitoothe job processing and search
modes in your program, if necessary, and take g@pjate action. Until you are
confident of the actions of your program, you skiastep through it one block at a time
to confirm your program logic.
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GOTO - Branch Execution

To branch to another line within the same prograsubprogram, use the statement:

GOTO <expression>

where <expression> is any expression that evaltatewvalid block number in the program. GOTO esuan
immediate branch to the specified destination.gRrm codes preceding a GOTO on the same line will b
executed normally. Any program codes following GIDdn the same line will cause an error.

If fast branching is disabled (parameter 145 =h@ptthe CNC software searches forward in the prodoa the

first matching block number and resumes searclifimgcessary from the top of the program. For th&son when
fast branching is disabled, backward branchesltaiger than forward branches and backward bramasti
depend on the total program size. If the progmsufficiently large, use of the GOTO statemeniad¢miroduce
temporary pauses.

When fast branching is enabled (parameter 145theh) the CNC software remembers the locationsaxibl
numbers as it finds them during program execut®ackward branches always take place immediafEhe first
forward branch to a block not yet encountered talke additional time as the CNC software seartdregard for
the block number; however, subsequent forward tesmto that block number will take place immediatéfhe
trade-off for using fast branching is that all limembers at a given level of program or subprogrart be unique
and programs will use more memory (approximatekiltébytes of memory for every 1000 block numbershie
program.)

IF THEN ELSE - Conditional Execution

Program symbols, G codes, M codes and GOTO comnmaagde executed conditionally using the IF statéme
The general form of the IF statement is:

IF <expression> THEN <execute if true> ELSE <exectfalse>

where <expression> is any valid expression, <exeifiitue> is one or more program codes to exe€ute
<expression> evaluates to “true” (non-zero) andesase if false> is one or more program codes tcueedf
<expression> evaluates to “false” (zero). All past the IF statement must appear on the same Tihe.
“ELSE <execute if false>" part of the statementjgional and may be omitted. The “THEN” may be
omitted; however, <expression> must be encloséudokets ([]). The IF statement may follow other
program codes on the same line. Compound condlare possible but they cannot be nested. Tste fi
THEN always pairs with the first IF. ELSE alwayains with the first <expression> that evaluate¥atse”.
All program codes executed are executed as p#neafame block.

Examples:

; Branch to N200 if machine position is okay, other wise go to N300
N100 IF #5041 LE 5.0 THEN GOTO 200 ELSE GOTO 300

; Force subprogram parameter #D to be within range.

IF [#D LE 0.005] #[D] = 0.005

; Compound conditionals

IF [#A LE 0.0] GOTO 100 ELSE IF [#A LE 2.5] GOTO 20 0 ELSE GOTO 300
IF [#A GT 0.0] IF [#D/#A GE 0.0] #[C] = SQRTI[#D/#A]
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INPUT — Prompt Operator for Input

The INPUT macro prompts the operator for numenmtn The general form of the INPUT statement is:

INPUT “<prompt>" <variable>

Where <prompt> is the message prompt for the opegaid <variable> is the variable in which to stitre input.
The CNC software will display a dialog with the givprompt and space for the operator response ofé¢rator
may enter any numeric expression (see above) imgudriables as a response. The operator muss GCLE
START or Alt-S to dismiss the dialog. PressiB&C will cancel the job.

The CNC software parses well ahead of the curpestidion to maximize throughput and efficiency.r Bos
reason, an INPUT macro may prompt the operatanfort immediately even though the INPUT macro sated
in the middle or near the end of the job. Parpiagses while the dialog is displayed. Any statémparsed prior
to the INPUT macro will have been queued and wailitchue to execute in the background while the giois

displayed. Job processing will pause only if akkged statements have been executed before tret@psupplies
a response.

INPUT macros will not graph. If you must graph tbb, first set the input variable to a defaultueabnd use a
conditional to execute the INPUT only if the jotbising run normally.

Use search mode cautiously with INPUT macros. dwehsearch work properly, you may have to supphceyx
the same input during the search as you did dahiedast actual run.

Examples:

; Ask operator for pocket depth. Store result in # 101
; Note: this will not graph.
INPUT “Enter pocket depth” #101

; Allow job with INPUT statements to be graphed.

#101 = 0.5; Supply a default value for graphing

; Ask for operator input only if not graphing.

IF NOT #4201 THEN INPUT “Enter pocket depth” #101
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Chapter 12
CNC Program Codes: G-codes

G-code Group|Description

GO0 *1A Rapid Positioning

GO1 A Linear Interpolation

G02 A Circular or Helical Interpolation CW

GO03 A Circular or Helical Interpolation CCW
G04 B Dwell

G09 B Decelerate and Stop (formerly known as Exact Stop)
G10 B Parameter Setting

G17 *|1C Circular Interpolation Plane Selection XY
G18 C Circular Interpolation Plane Selection ZX
G19 C Circular Interpolation Plane Selection YZ
G20 * 1K Select Inch Units

G21 K Select Metric Units

G22 0 Work envelope on

G23 *10 Work envelope off

G28 B Return to Reference Point

G29 B Return from Reference Point

G30 B Return to Secondary Reference Point
G40 *1D Cutter Compensation Cancel

G41 D Cutter Compensation Left

G42 D Cutter Compensation Right

G43 E Tool Length Compensation (+)

G43.3 E Tool Length Compensation (+) with Axis Tilt Compensation
G44 E Tool Length Compensation (-)

G49 *|E Tool Length Compensation Cancel

G50 *IM Scaling/Mirroring Off

Gbh1 M Scaling/Mirroring On

Gbh2 B Offset Local Coordinate System Origin
G53 B Rapid Position in Machine Coordinates
G54 L Select Work Coordinate System #1

G55 L Select Work Coordinate System #2

G56 L Select Work Coordinate System #3

G57 L Select Work Coordinate System #4

G58 L Select Work Coordinate System #5

Gbh9 L Select Work Coordinate System #6

G61 F Modal Decel and Stop (formerly known as Exact Stop Mode)
G64 *1F Smoothing mode selection / Cancel Modal Decelerate and Stop
G65 J Call Macro

G68 N Coordinate Rotation on

G69 *IN Coordinate Rotation off

G73 G High Speed Peck Drilling

G74 G Counter Tapping

G76 G Fine Bore Cycle

G80 *1G Canned Cycle Cancel
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G81 G Drilling and Spot Drilling

G82 G Drill with Dwell

G83 G Deep Hole Drilling

G884 G Tapping

G85 G Boring

G89 G Boring with Dwell

G90 H Absolute Positioning Mode

G91 H Incremental positioning Mode

G92 B Set Absolute position

G93 P Inverse Time On

G93.1 P Velocity Scrubber for Smoothed Inverse Time Data

G94 P Inverse Time Off

G98 I Initial Point Return

G99 I R Point Return

G117 C Rotation of Plane Selection XY

G118 C Rotation of Plane Selection ZX

G119 C Rotation of Plane Selection YZ

G173 G Compound High Speed Peck Drilling

G174 G Compound Counter Tapping

G176 G Compound Fine Bore Cycle

G180 G Compound Canned Cycle Cancel

G181 G Compound Drilling and Spot Drilling

G182 G Compound Drill with Dwell

(G183 G Compound Deep Hole Drilling

G184 G Compound Tapping

G185 G Compound Boring

G189 G Compound Boring with Dwell
NOTES:

- All the default G-codes have been marked withsyrmabol "* ".

- A given line of a program may contain more thae &-code.

- If several G-codes from one group are used irséime line, only the G-code specified last will aamactive.

- G-codes from group B are of "one shot" type {a&ctinly in the line in which they are specified)l éther G-
codes are modal (active until another G-code ostme group is specified).

- If a G-code from group A is used in a canned &yonbde, the canned cycle will be canceled. Canyeléd G-
codes, however, have no effect on G-codes frompfou

GO0O - Rapid Positioning

GO moves to the specified position at the maximumtomrate. The coordinates may be either
absolute positions (G90) or incremental positidd8Y). GO is modal and remains in effect
until another positioning mode (G1, G2, G3 etcgammmanded. GO is the default-positioning
mode.
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When the Z axis is commanded to move in the + tloecthe Z axis will move up to its new positidrst, then the
other axes will move to their new position alonsfraight line.

When the Z axis is commanded to move in the - toegcall axes but the Z axis will move to theimnposition
along a straight line, then the Z axis will moventiato its new position.

Example:
GO0 X0.0 Y0.0 Z0.0 ; Rapid move to X0, YO, Z0

CAUTION The feedrate override knob has no effect on GO mawnéess rapid override is
turned ON

GO1 - Linear Interpolation
G1 moves to the specified position at the prograthfeedrate. The coordinates may be either
absolute positions (G90) or incremental positidB8%). The movement will be along a
straight line. G1 is modal and remains in effadilanother positioning mode (GO, G2, G3
etc.) is commanded.

Example:
GO01 X2 Y3 Z4 W5 F10 : Linear move to X2, Y3, Z4, W5 at a 10in/min
G91 X6 Y7 : Linear move to X8, Y10
Z3 W4 F20 ; Linear move to Z7, W9 at 20in/min (G91 is modal)

G02 & GO03 - Circular or Helical Interpolation

G2 moves in a clockwise circular motion, and G3 e®in a counterclockwise circular motion. Thiscklwise and
counterclockwise motion is relative to your poifveew, however. See the diagram below. The Xr¥Z
position specified in the G2 or G3 command is the jgosition of the arc, and may be an absoluteipogiG90) or
an incremental position (G91). G2 and G3 are maddlremain in effect until another positioning m¢&0, G1,
etc.) is commanded.

* NOTE: When using G18, the G2 command moves in a colatémeise direction in the XZ plane.
The axes included in the currently selected circplane (G17, G18, or G19) will move in a circutaption. Any

other axes specified will move along a straighe helical movement). The programmed feedratsésl dor the
interpolated motion along the movement of all axes.

M-Series Operator’'s Manual 4/9/15 12-3



Helical and circular motion can be programmed io tifferent ways: specifying the final point ane ttadius of
the arc, or specifying the final point and the paggers |, J, K (center point of the arc as incremieralues from

the start position).

* NOTE: For closed circles (arc of 360 degreesg method 2: specify final point and parametersahd K.

Method 1 (specify final point and radius) will noork.

METHOD 1: USING FINAL POINT AND RADIUS

The commands G2 and G3 will have the following cttice:

G2XaYbZcRd
G3XaYbZcRd

wherea, b, andc will be the X, Y, and Z coordinates of the finalipt of the arc, and will be the radius.
In most cases there will be two possible arcs efsdime radius connecting two given points. Thisiecc
because the center of the arc is not specifiedhbose the bigger arc, make the radius negativeh®ose the
smaller arc, make the radius positive. See exanipsasl 2 for graphical explanations of this concept

Example 1 (small arc solution: positive radius):

G17 G90 F25 ; selects XY plane and absolute positio
G00 X1.0Y1.0 Z0 ; rapid to start position X1, Y1,
G02 X2 Y2Z0R1 ; arc to X2 Y2 Z0 with radius of 1

; (small arc solution)

Example 2 (big arc solution: negative radius):

G17 G90 F25 ; selects XY plane and absolute positio
G00 X1.0Y1.0 Z0 ; rapid to start position X1, Y1,
G02X2Y2Z0R -1 ; arc to X2 Y2 Z0 with radius of

; (big arc solution)
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METHOD 2: USING FINAL POINT AND PARAMETERS |, J, K

Another way to specify a helical or circular oparatis using the parameters |, J, K instead ofrédius R. The
parameters I, J, and K are theremental distances from the start point to the center efdtt. For absolute
positioning on |, J, and K, parameter 2 bit O wiled set. See the parameter section in Chapter 14.

| = X center - X start (valid for G17 & G18)
J =Y center - Y start (valid for G17 & G19)
K = Z center - Z start (valid for G18 & G19)

Examples:
Circular motion(See graph in method 1, example 2)

G17 G90 F25 ; selects XY plane and absolute positio ning
G00 X1.0Y1.0 Z0 ; rapid to start position X1, Y1, Z0
G02 X2Y22z0J1 ; arc to X2 Y2 Z0 with radius of 1

Helical motion

G17 G90 F30 ; select XY plane and absolute position ing
G00 X3.0Y2.0Z1.0 ; rapid to start position X3, Y2 , Z1
G02 X2.0 Y1.01-1.0 J0.0 Z20.0 ; CW XY arc from X3, Y2 to X2, Y1.

: Center at X2, Y2
: Helical Z move from 1to O
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GO04 - Dwell

G4 causes motion to stop for the specified timbe P parameter is used to specify
the time in seconds to delay. G4 causes the lodkcelerate to a full stop.

The minimum delay is 0.01 seconds and the maxinsuB27.67 seconds. The dwell time is performed afte
motion is stopped and M functions on the line anmgleted. If the P parameter is not specified,iKlve used
instead. If neither P nor X is specified, the défdwell time of 0.01 seconds will be used.

Example:
GO X1Vl ; rapid to X1, Y1
G4 P2.51 ; pause for 2.51 seconds
Gl X2VY2 : Linear move to X2, Y2

GO09 - Decelerate and Stofformerly known as Exact Stop)
G9 causes motion to decelerate to a stop and fhvell100 seconds. G9 is equivalent to
G4 P0.01. G9 is not modal; it is only effective floe block in which it appears. See G61
(Modal Decelerate and Stop).

Example:
G9 GO X1Y1 ; rapid to X1 Y1 and stop
X2Y2 ; continue to X2 Y2

G10 - Parameter Setting

G10 allows you to set parameters for different pragoperations.

Examples:
G10 P73 R.05 ; Sets the peck drilling retract amoun tto .05
G10 P83 R.05 ; Sets the deep drill rapid down clear ance to .05
G10 P81 R15 ; Sets G81 to use M15 instead of Z mov ement
G10H5R-1.3 ; Sets tool length offset #5 to -1.3 i n the offset lib.
G10 D3 R.25 ; Sets tool diameter offset #3 to .25 in the offset lib.

G17, G18, G19 - Circular Interpolation Plane Seleabn

G17, G18, and G19 select the plane for circularpdlation commands (G02 & G03). G17 is the defalane.
See figure under G2 and G3.

G17 is the XY plane
G18 is the ZX plane
G19 is the YZ plane

G20 - Select Inch Units

G20 selects inch units, affecting the interpretabball subsequent dimensions and feedrates ijothéle. G20
does not change the native machine units as sbearontrol setup menu.
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G21 - Select Metric Units

G21 selects metric units, affecting the interpretadf all subsequent dimensions and feedratdsanab file. G21
does not change the native machine units, as sbearontrol setup menu.

G22/G23 — Work Envelope On/Off

G22 turns on programmable work envelope in macbiwedinates. When the machine tries to move irgo th
forbidden area, let’s say the x-axis, an “x-axigkvwenvelope exceeded” message is displayed, lefbngknow
which line of the program is at fault. The workselope is set with the X, Y, Z for the ‘+’ limit dnl, J, K for the
‘~'limit. G22 is modal and remains on until turnefl by G23 or the end of the job. The limits estkin the X, Y,
Z and |, J, K parameters are stored in the WCS rnederF3 - Work Envel. For more information see chapter 4.

Example: (Machine homes to the X + switch and hago0-40 inches of travel in the X axis,)

G22 X-8 1-32 ; Keeps programs from moving into th e outside 8 inches of X-
; axis of travel

G1 X-13 F20 ; Would generate a “X axis work enve lope exceeded, line 3"
; message

G23 ; Allows travel into G22 forbidden a rea.

M25 ; Z home

GO X-13 : Ok to move X here now

G28 - Return to Reference Point
G28 moves to the first reference point, by wayrofrdermediate point. The location of the refegepoint, in
machine coordinates, may be set in Work CoordiSggem Configuration. The intermediate point iscsied in
the local coordinate system, and may be at theegulocation (resulting in a move directly to tleéarence point).
If an intermediate point is specified, only thogesafor which positions are specified will be movdflno axes are
specified, all axes will be moved. The locatiorthe intermediate point is stored for later usén@29.

Examples:
G28 G91 Z0 ; move Z-axis directly to refere nce point
(X and Y don't move)
G28 G91 X-.5Y0 Z0 ; move X -0.5 (from current posi tion), then move all
; three axes to reference point
G28G90 X2Y42z.1 ; move all axes to (X2, Y4, Z0.1 ), then to
; reference point
G28 ; move all axes to the reference point

;( no intermediate point)

* NOTE: As with GO positioning moves, the Z-axisiiove separately. If Z is moving up (the usuade) Z will
move first, then the other axes. If Z is movingvdpthe other axes will move first, then Z. Beaaosthis, it is
rarely necessary to specify an intermediate paffarént from the current position.
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G29 - Return from Reference Point
G29 moves all axes to the intermediate point storedpreceding G28 or G30 command. It may be tseeturn
to the work piece. If a position is specified, thachine will move to that position (in local comates) after

reaching the intermediate point. G29 may onlyexdied after G28 or G30, though there may berveteing
moves.

Examples:
G29 ; move all axes back from reference point to in termediate
; point
G29 X1Y2 ; move all axes to intermediate point, t hen move to X1 Y2

* NOTE: As with GO positioning moves, the Z-axisiwnove separately. If Z is moving up, Z will mofiest, then
the other axes. If Z is moving down (the usuakdas G29), the other axes will move first, thewill move.

G30 - Return to Secondary Reference Point
G30 functions exactly like G28, except that by d#fd uses the second reference point from theR/ABwordinate
System Configuration table, and the P parameterlmaysed to request either reference point.

Examples:
G30 G91 Z0 ; move Z axis directly to second refere nce point
G30P1 ; move all axes to first reference point

NOTE: G30 P1 is equivalent to G28.

G40, G41, G42 -Cutter Compensation

G41 and G42 in conjunction with the selected téairebter (D code) apply cutter compensation to thgnammed
tool path.

G41 offsets the cutter tool one half of the toalndeter selected with a D code, to the left of thekwpiece, relative
to the direction of travel.

G42 offsets the cutter tool one half of the to@ldéter selected with a D code, to the right ofbek piece,
relative to the direction of travel.

G40 cancels G41 and G42.

Example:
G41 D03 ; Tells the machine to compensate left hal f of the
; diameter of the amount that corresponds to DO 3inthe
; Tool Library
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Whenever cutter compensation is applied, the fatigWactors must be taken into account in ordesttain proper
results.

1. The cutter diameter compensation function (&H2) must be implemented before the cutter toallrea the
starting cutting point.

Example 1:
GOX0YO ; Rapid tool to X0, YO
G42 D3 ; Turn cutter compensation on, with a diame ter of D3
GOX.5Y2 ; Rapid to X0.5, Y2

G1x4.1Y2 : Linear cut to X4.1, Y2.

; Cut to X4.1 to clear material.
G40 ; Turn cutter compensation off.
GOX5Y0 ; Rapid to X5, YO.

You may want to add .1 or .05 inches on the firifpon for the last cut to clear the material.

NOTE: The diameter compensation statement G4zl before GO X.5 Y2. As a result, the compeosas
applied before the cutter reaches the startingngupoint X.5 Y2.

2. If the cutter is down, then the cutter compé&oadead-in must always come from an appropriatection.
Otherwise, the work piece will be incorrectly camd the cutter tool could be damaged. One way aaléafis
problem is by always keeping the cutter above tbk\piece whenever a transition is being maderteva starting
cutting point. If for some reason this was not flaesthen the G-code program should be writtethabthe cutter
compensation lead-in paths do not interfere withgpace occupied by the work piece. Example Ziiltes a
possible harmful outcome of programming an inappatg lead-in direction.
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Example 2:

GO0 X0YO ; Rapid tool to X0, YO

G42 D5 ; Turn cutter compensation on, with a diam eter of D5

G1 X.75Y-1 F5 ; Linear move to X0.75, Y-1. (Notice this damages the
; corner of the work piece)

X3.6 ; move X to 3.6

G40 ; Turn cutter compensation off.

GO X4Y-2 ; Rapid to X4, Y-2

* NOTE: This problem could have been avoided bgsthg a transitional point between X0 YO and XY#&. A
transitional point such as X-1 Y-1 would properlgdaify the lead-in path, keeping the cutter from dging the
corner of the work piece. Example 3 shows theembnvay of performing this operation.

Example 3:
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GO0OX0YO ; Rapid tool to X0, YO

G42D5 ; Turn cutter compensation on, with a diame ter of D5
GOX0Y-1 ; Rapid tool to X0, Y-1

G1X.75Y-1 : Linear cut to X0.75, Y-1.

X3.6 : move X to 3.6

G40 ; Turn cutter compensation off.

3. Lookahead When the control machines any rapid traverse,(IB@ (G1), or arc (G2, G3) with tool diameter
compensation enabled, the program will look up tooNsecutive events ahead of the current everrtdier ¢o
anticipate tool path clearance problems, wheretNdsiumber set in Parameter 99. Lookahead enthakes
compensated tool paths don't overlap in programpaetsections where there is not enough clearaaéé tool.
The figure below shows a compensated tool pathttamdctual tool path after Lookahead correctskbarance
problem:

Refer to the “Machine Parameters” section in Chapdefor more information on Parameter 99.

G43, G44, G49 - Tool Length Compensation

G43 and G44 apply tool length compensation to ecsedl tool to allow the control to utilize multigieols in a
single CNC program.

G43 applies positive compensation (from Z zero Wprk from part surface up.

G44 applies negative compensation (from Z zero gpused only when there is an absolute machine hdrhe
spindle face is considered a zero length tool draffaets are from there down.

G49 cancels tool length compensation (also candstéssuing G43 HOO).

Example:
G43 HO1 : tells the machine to offset the amount th at
; corresponds to HO1 in the Offset Library

G43.3 - Tool Length Compensation (+) with Axis TiltCompensation
G43.3 is a special compensation mode which appbiegive tool length compensation on a selectel jost like
G43, but also with additional X and Z compensatidus to 5th axis tilt. This compensation modevailable only
on those machines configured with a triangularryosth axis (see parameter 166 in Chapter 14).e Nwit this
compensation mode is the equivalent to G43 asdgrthe 5th axis is not tilted (i.e. local positiefd). G49
cancels this compensation mode.

G50, G51 - Scaling / Mirroring (Optional)

G50 and G51 scales program G-codes relative talmgaenter point defined as position (X, Y, Z).

A G51 applies scaling/mirror to all positions, knand arcs following this G-code, until a G50ritseeed. Specify
scaling factors with a value |, J, K. The X, Y, ahgarameters are the coordinates of the scalintpcelf the
scaling center is not specified, the default sgatienter is the current cutter position as showtherDRO. To
mirror, enter a negative value for the scalingdact

M-Series Operator’'s Manual 4/9/15 12-11



Example, Scaling:

G51 X0.0 Y0.0Z0.013.0J2 K1 ;turn scaling on

G00 X0.0 Y0.0Z1.0 ; rapid to X0, Y0, Z1
G01 X1.0Y0.0Z1.0 : line to X1, YO, Z1
G01 X1.0Y1.0Z71.0 :line to X1, Y1, Z1
G01 X0.0 Y1.0Z71.0 : line to X0, Y1, Z1
G01 X0.0 Y0.0 Z1.0 : line to X0, YO, Z1
G01 X0.0 Y0.0 Z0.0 : line to X0, YO, Z0
G50 : cancel scale

For this G51, the following program lines were sdaB:1 in the X direction, 2:1 in the Y directi@nd 1:1 in the Z
direction. If no scale factor is specified, thdadét is 1:1 for all axes.

Example, Mirroring:

G51 X-0.5Y0.0Z.01-1J1K1 ; turn mirror on (X axis -0.5 mirror
; line)

G00 X0.0 Y0.0Z1.0 ; rapid traverse to X0, Y 0,271

GO01 X1.0 Y0.5Z71.0 ;lineto X1, Y.5, 71

GO01 X0.0 Y1.0 1.0 ; line to X0, Y1, 71

GO01 X0.0 Y0.0 Z1.0 ; line to X0, YO, Z1

G50 : cancel mirror

If scaling factors are the same for all the axasameter P can be used.

Example:
G51 X1.0Y2.0Z20.0 P25 : scale all axes a factor of 2.5.

If an arc is scaled with uneven scaling factors,r#sult will depend on how the arc center andusadiere
specified:

1. If the arc radius was specified with R, the uadwill be scaled by the larger of the two circydane scale
factors. The result will be a circular arc betwé#®m scaled arc start and the scaled arc end.

2. If the arc center was specified with |, J, an#pthe centers will be scaled by the appropréatis scale factors.
The result will be a circular arc from the scaled start, around the scaled center, and usually avline from the
end of the circular arc to the scaled arc end.

3. In no case can an ellipse be generated usitiggca
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Example:

GO X0 YO
M98 P9100
G52 Y4

GO X0 YO
M98 P9100
G52 Y0

G52 - Offset Local Coordinate System
G52 shifts the local coordinate system origin ppacified distance. Multiple G52 codes are notdative;
subsequent shifts replace earlier ones. The G&Xshy therefore be canceled by specifying a sifitero. If
you are using multiple coordinate systems, the &8 amount will affect all coordinate systems.

; move to origin
; call subprogram
; shift coordinate system 4 inches in Y
; move to new origin
; call subprogram again with new coordin
; restore unshifted coordinate system

ates

G53 - Rapid Positioning in Machine Coordinates

G53 is a one shot code that performs a rapid tsavasing machine coordinates. It does not affecturrent

movement mode (G0-G3) or coordinate system (G54rG6%3 may only be used with absolute positioning

(G90).
Example:

G53 X15Y4 70 : move to 15,4,0 in machine coordinat es

G54 - G59 - Select Work Coordinate System

G54 through G59 select among the six regular wodkainate systems (WCS #1 through WCS #6). A#isuing
the code, subsequent absolute positions will pnéted in the new coordinate system. Alternbtjtbe codes

E1 through E6 to can be used instead of G54 thr@ffh
Example:

G54 GO X0 Y0 z0 ; select first WCS, move to origin

G2X1152-5 ; mill something...
G0z1 ; Rapid to position Z0.1
G5 X1Y1 ; select second WCS, move to X1, Y1

Using Extended Work Coordinate Systems (optiorfdiere are 12 additional work coordinate systevadlable as
an extra-cost option. In a G-code program, th@sadtitional work piece origins may be selectedhwither “G54

P1” (WCS # 7) through “G54 P12” (WCS #18) or “Efitaugh “E18.”

Regular WCS Extended Work Coordinate Systems (optional)

WCS G-Code | E Code WCS G-Code | E Code WCS G-Code | E Code
WCS #1 | G54 El WCS #7 G54 P1 [E7 WCS#13 | G54 P7 [E13

WCS #2 | G55 E2 WCS #8 G54 P2 [E8 WCS#14 | G54 P8 [E14

WCS #3 | G56 E3 WCS #9 G54 P3 [E9 WCS#15 | G54 P9 [E15

WCS #4 | G57 E4 WCS #10 | G54 P4 [E10 WCS #16 | G54 P10 [E16

WCS #5 | G58 E5 WCS#11 | G54 P5 [E11 WCS #17 | G54 P11 [E17

WCS #6 | G59 E6 WCS#12 | G54 P6 [E12 WCS #18 | G54 P12 [E18
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G61 - Modal Decelerate and Stop

(formerly known as Exact Stop Mode)
G61 activates Decelerate and Stop mode for evecklgrocessed. This forces motion to
decelerate to a stop and invokes a brief dwell0@Heconds) at the end of each block
(equivalent to G9 in each block). G61 is modal eerdains in effect until it is canceled with
G64. Note that G61 also turns off Smoothing mode.

Example:
GO X0 YO ; move to origin
G61 X2 ; move and decelerate and stop at X2
X4 ; move and decelerate and stop at X4
X5 ; move and decelerate and stop at X5

G64 — Smoothing Mode Selection / Cancel Modal Decel arstop

G64 has multiple formats with different functiorli Invoking G64 with either an ON or OFF paramesets the
Smoothing mode to on or off, and also cancels MBeglelerate and Stop (G61). Invoking G64 withotltes the
ON or OFF parameter simply cancels Modal DecelexateStop. Note that all forms of G64 will cankkidal
Decelerate and Stop (Cancel G61).

G64 Format

Function

G64

Simply cancel Modal Decelerate and Stop (Cancel)G61
This does not affect Smoothing mode.

G64 ON

Turn on Smoothing mode using the current paranset#ings (in P221-
P228, P230, and P231). The effect of this comnms@mporary as it is
active only until the next G64 ON/OFF command atiluhe end of job.
Upon the start of the next job, the the inital dhétate of Smoothing will
once again be determined by parameter 220. Thisnamd does not
modify any parameters. (This also cancels G61.)

G64 OFF

Turn off Smoothing mode. The effect of this comehémtemporary as it
is active only until the next G64 ON/OFF commandietil the end of job.
Upon the start of the next job, the the inital dhétate of Smoothing will
once again be determined by parameter 220. Thignamd does not
modify any parameters. (This also cancels G61.)

G64 ON "preset label"
G64 ON P__

(where P___is P1-P99)

Turn on and activate Smoothing mode using the 8pdcipreset label” or
preset number (P1-P99). (See Chapter 14 for fuiii@mation on
setting up Smoothing Presets.) Note that “preswm!! is not case
sensitive. You can use the preset number to gpmie presets that
don’t have a “preset label”. These commands hdastag effect beyond
the end of the current job because they actualby tlee specified
Smoothing preset settings into the current paras¢R221-P228, P230,
and P231) and sets P220 to 1. (This also caG#ls)

G64 ON PO Turn off and deactivate Smoothing mode. Both foafihis command do
G64 OFF PO the same thing. The PO refers to “Exact Stop” mdtkés command sets
P220 to 0, and thus has a lasting effect beyonénheof the current job.
(This also cancels G61.)
Examples:
G64 ;cancel Modal Decelerate a nd Stop
G64 ON ;turn on modal Smoothing m ode
G64 OFF ;turn off modal Smoothing mode
G64 ON P2 ;Activate Smoothing Preset #2 by number
G64 ON "contouring mill"* ;Activate "Contouring Mill " Preset by label
G64 ON PO ;Deactivate Smoothing. Act ivate Exact Stop mode.

M-Series Operator’'s Manual 4/9/15 12-14



G65 - Call Macro

G65 calls a macro with user-specified values. Anm@ca subprogram that executes a certain oparégig. drill
pattern, contours, etc.) with values assigned t@bke parameters within the operation.

Calling methods:

G65 Pxxxx Lrrrr Arguments

or

G65 "program.cnc” trrr Arguments

wherexxxxis the macro number (referring to filecxxcnc, 0000-9999 allowed, leading zeros required in
filename, capital O, lowercase .cna)y is the repeat value, "program.cnc” is the nantb@imnacro file, and
Argumentss a list of variable identifiers and values.

Arguments to macro calls are specified by usingtetA-Z, excluding G, L, N, O, and P.

Macros are written just like normal programs. Hoamewvnacro programs may access their argumentsiby 48,
#B, etc., or by using numbers: #1 for A, #2 foreB;. (exceptions: #4-6 for I-K, #7-11 for D-H). gdments |, J,
and K can be used more than once in a macro d#fl the first set of values stored as #4-6, th@sdas #7-9,
etc., to a maximum of 10 sets. See example ariteof this G65 section.

Macros 9100 - 9999 may be embedded into a mairrgmgusing 094x to designate the beginning of the macro
and M99 to end it. The CNC software will read th@cno and generate a file O8dcnc, but will not execute the
macro. It will be executed when G65 is issued.

Example 1:
Main program:
G65 "TEST.cnc" A5 B3 X4

Macro TEST.cnc:
G1 X#X Y#A Z-#B

This call will produce
G1 X4 Y5 Z-3

Example 2:
Main program:
G65 "TEST2.cnc" 15 J3 K40 1-1 J2 10 JO

Macro TEST2.cnc:
G1 X#4 Y#5 F#6
G1 X#7 Y#8 Z#9
G1 X#10 Y#11 Z#12

This call will produce
G1 X5 Y3 F40
G1X-1Y220
G1 X0 YO0 Z0

Example 3:
Suppose a piece is to have notches of differegttesnand depths along the x-axis:
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The macro variables would handle the length invlterection and depth in the Z direction:

00002

G90 G1 Z0 F30 : Linear move to Z0
Z#7Z F5 ; Cut to variable depth
GI1Y#Y F10 ; Cut variable length
G90 G0 70.1 ; Retract

The main program would call this macro five timeach time specifying the depth and length required.
: Main Program

G90 GO X1Y1Zz0.1 : Move to first notch

G65 P0002 L1 Y1 Z.25 ; Call macro and assign Y=1" and Z=.25"
G90 GO X2.5VY1 : Move to second notch

G65 P0002 L1Y152Z725 ; Call macro and assign Y=1. 5"and Z=.5"
G90 GO X4 Y1 ; Move to third notch

G65 P0002 L1 Y2 Z.25 ; Call macro again

G90 GO X5.5VY1 : Move to fourth notch

G65 P0002 L1Y15Z5 ; Call macro again

G90 GO X7 Y1 : Move to fifth notch

G65 P0002 L1 Y1 Z.25 ; Call macro again

: End program

G68, G69 - Coordinate Rotation on/off
G68 rotates program G-codes a specified angle &8 r@tates all positions, lines, and arcs untilé® & entered.
The center of rotation can be specified by X, Y Zndalues (X, Y for G17 plane). If the center &t Bpecified
then a default center of rotation is used as deteinoy machine parameter #2 (see Chapter 14 fanpsier #2).
The default plane of rotation is G17 (X, Y).
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Example:
G68 R45 X4 Y2
G0 X3.0Y1.0
G1 X5.0 Y1.0 F20
X5.0Y3.0
X4.125 Y3.0
G3 X4.0 Y2.875 J-0.125
G1 X4.0Y2.125
G2 X3.875 Y2.0 1-0.125
G1 X3.125Y2.0
G3 X3.0Y1.875 J-0.125
G1 X3.0Y1.0
G69

; Rotate 45 degrees centered on X4 Y2

; Rapid to position
; Start part profile

; End part profile
; Rotate Off

G73, G76, G80, G81, G82, G83, G85, G8Zanned Drilling/Boring Cycles
G74, G84 - Canned Tapping Cycles

G code

-Z direction (machine
hole)

Operation at bottom of
hole

+Z direction

Use

G73 |Intermittent Feed (Set Rapid traverse High speed peck
with the Q parameter) |[---------- drilling cycle
G74 |Feed Spindle CW, then Dwell |Feed Counter tapping
(Set with the P parameter (Left-hand thread)
G76 Feed Dwell (P parameter), Rapid traverse, Fine Boring Cycle
Orient Spindle (via M19), |then Stop Spindle
Move Y+ (Q parameter) |Orient (via M5)
G80 |----- e e Cancels canned
cycles
G81 Feed | - Rapid traverse Regular and spot
drilling cycles and air
drill cycle
G82 Feed Dwell (Set with the P Rapid traverse Regular and counter
parameter) boring cycles, spot
facing
G83 |Intermittent Feed (Set |---------- Rapid traverse Peck and deep hole

with the Q parameter)

drilling cycles
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G84 Feed Spindle CCW, then Dwe|Feed Tapping (Right-hangd
(Set with the P parameter thread)
G85 Feed | e Feed Boring cycle
G89 Feed Dwell (Set with the P Feed Boring cycle
parameter)
Table 1. Canned drilling, boring and tapping cysle
Canned Cycle Operation
Operation 1: Position the X, Y axes.
Operation 2: Rapid traverse to the position lath&e
Operation 3: Machine hole.
Operation 4: Bottom hole operation.
Operation 5: Return to point R.
Operation 6: Rapid traverse to initial point.
Canned cycle G-code syntax
(Cycle codes do not have to be on the same line)
G Canned cycle G-code from table 1.
X X position of the hole to be drilled.
Y Y position of the hole to be drilled.
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Z Specifies point Z in figure 1.
In incremental mode Z is measured from point R.
In absolute mode Z is the position of the hole dratt

R Specifies the distance to point R (figuravith an absolute or incremental value.
Q Determines the cut-in depth for the G73@84d cycles.

Determines the thread lead for G74 and G84 if Rigigping is enabled.
(In the case of Rigid Tapping Q _is rmabdal)

P Sets the dwell time at the bottom of thehébr G74, G82, G84, and G89 cycles. The dwmek tis
measured in seconds (same as G04).

F Sets the feed rate. Remains the feedrateadterG80 (cancel canned cycles).

K Sets the number of repeats for drilling egclOperations 1 through 6 of figure 1 will be @pd K

number of times. If K is not specified K = 1. Kasly useful when using incremental positioning e¢@91) and
is not retained from cycle to cycle. In absolutede, K causes the drilling of the same hole insdr®e position K
times.

* NOTE: Canned cycles are modal and shdaddcanceled with G80. However GO0, G0O1, GO2 angl @D also
cause the cancellation of canned cycles. All patara@re stored until canned cycles are cancelegpexor the
hole position and K, which must be set each tineecftle is used. When G80 is issued the movemederwill
be the last one issued (GO, G1, G2, G3). Canngdgwill not be performed unless X and/or Y arecsfied.

When performing canned cycle operations, the digtsugan be either incremental or absolute, depgrutirthe

current active mode (G90 = absolute, G91= increaigrftigure 2 illustrates canned cycle Z-axis dis&s in both
modes.

Figure 2: Canned Cycle Absolute and Incrementalesod

* NOTE: In incremental mode the Z depth of the hisleneasured from R, and R is measured from thialitdol
position.
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Example:
(Part surface height is Z = 0, initial tool positiiz X.50 Y1.0 Z.625. Drill 0.50 deep hole at X¥.0.0; clearance
height (R) is 0.10 above surface.)

Absolute Incremental

G90 G911

G81 X1Y1R.1Z-5 G81 X.5 YO R-525 Z7-.6
G80 G80

* NOTE for Articulated Head machines configurediwihe TWCS feature enabled via Parameter 166:

If the currently selected WCS is non-TWCS (TWCS@) lnd the B axis is at an angle other than 0, yioen
cannot use the regular Canned Cycle G-codes G, &b, G81, G82, G83, G84, G85, G89. You musthuse
Compound Canned Cycle G-codes G173, G174, G1761 GiB32, G183, G184, G185, G189 instead. Using
regular Canned Cycle G-codes when the B axis i€ i®fn error and will cancel the job. See “G13374... —
Compound Canned Cycles” later in this chapter forarinformation about this subject. See Chaptdofiore
information about Parameter 166.

G73 - High Speed Peck Drilling

G73 is the peck drilling cycle. The hole is didllim a series of moves: down a distance Q at angsedrate, up
the retract distance at the rapid rate, and themdmain at the given feedrate. The retract amisuset with G10
as shown in the example below.

Example:
G90 ; Absolute positioning
G01 X3.00Y1.50Z75 : GO1 mode before ca nned cycle
G98 ; Set for initial point return
G10P73 R.1 ; Sets the retract amount to .1
G73 X3.250 Y1.75 Z-.650 R.1 Q0.325 F3 ; Peck drill at X3.25Y1.75
X4.5Y3.5 : Peck drill at X4.5Y3.5
G80 ; Cancel canned cycle, return

; to GO1
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G74 - Counter Tapping

G74 performs left-hand tapping. The spindle sgeed feedrate, if you are doing floating tappingd@id be set
and the spindle started in the CCW direction befgsaing G74. G74 will normally use the default M3select
spindle CW (at the bottom of the hole) and M4 tsetct spindle CCW (after backing out of the hdlepending
on the settings of parameters 74 and 84.

The tap may continue to cut a short distance beylomgrogrammed Z height as the spindle comestopbefore
reversing. When tapping blind holes, be sure sxiépa Z height slightly above the bottom of ttaehto prevent
the tool from reaching bottom before the spindigpst

Note: If rigid tapping is enabled, a Q may be ugesket the thread lead or pitch. However, becusenotmodal
in the case of Rigid Tapping, you must specify Qegery line at which Rigid Tapping is to occur.

Note: At the bottom of the hole, G74 will call thefault version of the specified M function eveit iias been
customized by an M function macro.

WARNING FEED HOLD is temporarily disabled during the tagpaycle, but it will be re-
enabled at the end of the cycle.

NOTICE Pressing CYCLE CANCEL while the tap is in the hai#l very probably break the tap
or strip the threads in the tap hole. Howeversadd it is an emergency.

Example:
M4 S500 F27.78 ; start spindle CCW, set up for 18 pitch tap
G74 X1Y1R.1Z-5 ; counter-tap a 0.5 deep hole a tX1Y1
Y1.5 ; ... and another one at X1 Y1.5
G80 ; cancel canned cycles
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G76 — Fine Bore Cycle

WARNING!!! G76 requires that the machine be capake of orienting the spindle and that a custom M19
macro is present in order to command the invertera orient the spindle. Please contact your dealeot
confirm that your machine meets these requirementbefore attempting to use this cycle.

Format G76 X Y Z R _Q

R = Point R Q = Distance to pull away from walM+ direction at bottom of hole.

Example
G76 X1Y1Z-3R.1Q.2 : Bore hole at X1 Y1re tract .2 in Y+ direction
Y10 ;... and another one at X1 Y10
G80 ; cancel canned cycles

G81 - Drilling and Spot Drilling

G81 is a general purpose drilling cycle.

at the rapid rate.

Example:
G90
GO01 X3.00 Y1.50 2.5
G99
G81 X3.250 Y1.75 Z-.650 R.1 F3
X4.5Y3.5
G80

M-Series Operator’'s Manual

The hsldrilled in a single feedrate move, and thenttiod is retracted

; Absolute positioning
; GO1 mode before canned cycl e
; Set for R point return
; Drill at X3.25 Y1. 75
; Drill at X4.5 Y3.5
; Cancel canned cycle, return to G1

4/9/15 12-22



G81 - Drill Cycle Transformation to G81 Air Drill C ycle
G81 may be modified to execute an M function indteemoving the Z-axis by setting parameter #8th&desired
M function. Example use is for air-actuated drills

Example: Execute M39 each time a new G81 posifi@iven:

G10 P81 R39 ; Set parameter 81 to 39 (G81 air dri I with M39)
G81 X5 ; Move to X5 and execute M39
Y3 : Move to Y3 and execute M39

To revert to Z-axis drilling, specify M function &-

Example:
G10 P81 R-1 ; Set parameter 81 to -1 (G81 drillin g cycle)

M function #39 is designed for general air drileusSee the description of M39 in the M functioest®n.

A different M function may be used instead, but dhfunction used must be a macro file that usesvt63 and
M104 commands to time the cycle (see the examptleeiM function section under M103). If the mafile does
not use M103, the control will automatically cantted job 1/2 second after starting G81. For infation on
creating customized M functions, review Macro Mdtions in Chapter 13.

The M39 default air drill cycle has a time out 0 2econds. As a result, if the cycle does not detapvithin 2
seconds then the cycle aborts and the output i®kayned off under PLC program control.

* NOTE: The PLC program must be involved in the@x®n of the cycle. The PLC program is respoesfor
turning on relays based on M function requeststhadtatus of program execution. The PLC prograrstralso

stop all programmed machine functions when thenarags canceled. See the M39 description (Cha@gfal a
sample of an air drill cycle M function.

G82 - Drill with dwell
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G82 is a general purpose drilling cycle similad®1. However, G82 includes an optional dwell attiottom of
the hole before retracting the tool. This can ntakedepth of blind holes more accurate.

Example:
G82X1Y1R.1Z-5P.5 ; drill to Z-.5, dwell .5 seconds

G83 - Deep hole drilling
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G83 is a deep hole drilling cycle. It periodicalgtracts the tool to the surface to clear accutadlahips, then
returns to resume drilling where it left off. Tredract and return are performed at the rapid rBecause there
may be chips in the bottom of the hole, the to@sdoot return all the way to the bottom at thedapte. Instead it
slows to feedrate a short distance above the botfitns clearance distance is selected by seti@mgrReter 83
with G10 (see example below).

Example:
G10 P83 R.05 : set clearance to .05"
G83X0YOR.1Z-2Q.5 ; drill 2" deep hole in 0.5" steps
G80 ; cancel canned cycle
G84 - Tapping

G84 performs right-hand tapping. The spindle sffeed feedrate, if you are doing floating tappisaduld be set
and the spindle started in the CW direction befesaing G84. G84 will normally use the default M4dselect
spindle CCW (at the bottom of the hole) and M3ea@elect spindle CW (after backing out of the hdig)ending
on the settings of parameters 74 and 84.

The tap may continue to cut a short distance betlmmgrogrammed Z height as the spindle comesstombefore
reversing. When tapping blind holes, be sure &zi$pa Z height slightly above the bottom of theento prevent
the tool from reaching bottom before the spindégst

Note: If rigid tapping is enabled, a Q may be usesket the thread lead or pitch. However, bec@usenotmodal
in the case of Rigid Tapping, you must specify Gewery line at which Rigid Tapping is to occur.

Note: At the bottom of the hole, G84 will call tHefault version of the specified M function eveit thas been
customized by an M function macro.

WARNING FEED HOLD is temporarily disabled during the tagpaycle, but it will be re-
enabled at the end of the cycle.

NOTICE Pressing CYCLE CANCEL while the tap is in the hai#l very probably break the tap
or strip the threads in the tap hole. Howeversadd it is an emergency.
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Example:

M3 S500 F27.78 ; start spindle CW, set up for 18 pitch tap
G84 X1Y1R.1Z-5 ; tap a 0.5 deep hole at X1 Y1

Y1.5 ; ... and another one at X1 Y1.5

G80 ; cancel canned cycle

;“l'Jsing Tool 15 Rigid Tap 6-32

G84 X0.337 Y0.925 Q0.03125 Z-0.35 R0O.1 ; tap firs t hole
G84 X3.312 Y0.925 Q0.03125 Z-0.35 R0O.1 ; tap seco nd hole, must use Q
G80 ; cancel canned cycle

; Using Tool 22 Rigid Tap 4-40

(G84 X1.862 Y1.627 Q0.025 Z-0.19 R0O.1 ; tap first hole

G84 X2.862 Y1.627 Q0.025 Z-0.19 RO.1 ; tap second hole, must use Q
G84 X4.262 Y1.627 Q0.025 Z-0.19 R0O.1 ; tap third hole, must use Q
G80 ; cancel canned cycle

Tech Tip — How to Setup Rigid Tapping

Overview

This section describes the theory of rigid tapgagameters, to control accuracy of depth of cut and
quality of threads, in various working materials.

Graphic representation of parameter controls
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List of Rigid tapping setup parameters — see Chagié for more details

Paramete} Function

34 Spindle Encoder Counts/Rev

35 Spindle Encoder Axis Number

36 Rigid Tapping Enable/Disable

37 Spindle Deceleration Time

68 Minimum Rigid Tapping Spindle Speed

69 Duration For Minimum Spindle Speed

74  [IM-Function executed at bottom of tapping cycle

84 M-Function executed at return to initial point apping cycle

82 Spindle Drift Adjustment

Graphic representation of test results for precisio

13 PITCH THREADS
0.0300 7
= W averade

0.0250 deviation
_ 0.0200 7 Cmadmum
T 5 _ deviation
= 0.0150 z %— 55 Oaverage off

0.0100 = = — target

0.0050 - 5 [ My murm

; i off target
0.0000 -
AIR ALUMINUM STEEL

The above charts show test results of rigid tappitiizing version 7.14 software. The tool usedhe
testing was a ¥2-13 spiral fluted tap with TiN cogtiCoolant used was water base soluble oil. Hakewsas
4218. Tapping depth was .800. Also note that Hrameters were adjusted to cut air, and not chafoged
aluminum or cold rolled steel for these testsah be seen, as the material changes, so doed tlaegett
values. This is due in part to the amount of tonqepiired from the spindle to cut the various typkes
material. For testing purposes, the parametengstfor the above results were as follows.

Parameter 36 = 1, Parameter 37 = 3, Parameterl®® Parameter 69 = 1.25, Parameter 82 = 108
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Summary

Rigid tapping parameters will vary from machinartachine. Not all machines are built the same (i.e.
Spindle hp, inverter type, rigidity, etc.), andling will play a roll in performance also. It wasund through
our testing, if we changed one physical paraméter,using a tapping oil instead of water basdamt, it
improved the off target values by 1.5%. This is thuthe fact that less friction is present whemgspecial
cutting oil, therefore requiring less hp by thensjpe to drive the tap. In most cases, rigid tapmiagths
should be able to be held within +/- .008 inchessl by adjusting parameter 82 for specific cases.

G85 — Boring

G85 is similar to G81, except that the tool isaeted with a feedrate move instead of a rapid m&85 may be
used for tapping with reversing tap heads such@3apmatic NCR series.

Example 1:
G85X1Y1R.12Z-5 ; bore a 0.5" hole at X1 Y1
G80 ; cancel canned cycle

Example 2:
M3 S500 F27.78 ; start spindle CW, set for 18 pit ch tap
M109/1/2 ; disable feedrate and spindle override s
G85X1Y1R.1Z-4 ; tap hole at X1 Y1 to a depth of 0.4"
M108/1/2 ; enable feedrate and spindle overrides
G80 ; cancel canned cycle
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G89 - Boring cycle with dwell

G89 is similar to G85, except that it includes atianal dwell at the bottom of the hole beforeaeting the tool.

Example:
G89X1Y1R.1Z-5P.1 ; bore 0.5" hole at X1 Y1, dwell .1 seconds
G80 ; cancel canned cycle

G90 & G91 - Absolute/Incremental Positioning Mode

G90 selects absolute positioning, and G91 selactsiinental positioning. In absolute positioningcaordinates
are relative to the origin (0,0,0,0). In incrensmositioning, all coordinates are distances ireddb the last point.

G90 Absolute positioning
G91 Incremental coordinates

Example:
G90 X2 Y3 : moves the X and Y axes from the current position
;1o X2, Y3.
G91 X1 YO : moves the X axis 1 inch referenced fr om the last X

; position, the Y axis does not move.

G92 - Set Absolute Position

G92 sets the current absolute position to the éoatels specified. This command only affects theeruly set
Work Coordinate System.

Example:
GO X5Y3Z-2 W5 ; Moves to the specified location
G92 X1Y0zOowWl ; Sets the current position to th e absolute

; position specified.
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G93 - Inverse Time
Rather than using a conventional federate in IrexhMinute or MM per Minute, F in inverse time mosj@ecifies
the movement frequency for subsequent moves. iy, the inverse time feedrate is the invergéhe amount
of time that a move is allowed to take.
For example, using inverse time, the block:
G1 G93 X10 F1
takes 1 minute to cut, regardless of X length.FAD (1/2.0 minute) it takes 30 seconds; At F3takes 20
seconds, and so on.
G93 is Modal, and remains in effect until a G9%#ied to cancel the G93.

Example of use in a program:

GO0 G54 G90 X2.2126 Y-1.1995 A94.75 B-.161 S3000 M3 : Move to start

G43 H26 Z7.0002 M8

Z3.1002

G1 G93 X2.2048 Y-1.2593 73.0204 F100. ; Enable Inverse Time
X2.2052 Y-1.2586 73.0202 A94.756 B-.162 F30000. ; 1/30000 min for move
X2.2079 Y-1.2578 Z3.0197 A94.763 B-.173 F30000. ; 1/30000 min for move
X2.2124 Y-1.2566 Z3.0189 A94.773 B-.189 F30000. : 1/30000 min for move
X2.2184 Y-1.2551 73.0179 A94.786 B-.212 F24065.56 : 1/24065 min for move
X2.2258 Y-1.2533 Z3.0167 A94.802 B-.24 F19736.14 : 1/19736 min for move
X2.2345 Y-1.2512 73.0155 A94.819 B-.272 F17187.45 : 1/17187 min for move

G93.1 — Velocity Scrubber for Smoothed Inverse Tim®ata
This special feedrate interpretation mode subsstutverse time feedrates (usually posted from BACAM
program) with optimized feedrates to ensure thatdlol tip center is moved at a set feedrate irsiglay 3D space,
taking into account tool length offset and the niaelyeometry as set by parameters 116-119 (seadHa]) .
The set feedrate (F) can be on the same G-codaditige G93.1 or can be the last modal feedratfigokon prior
G-code lines.

This mode is intended for CNC jobs run on machewgigured with a triangular rotary 5th axis sushearilt
Table or Articulated Head (see parameter 166 irp@&hal4), although that is not an enforced defiretguirement
to turn on this mode. It is recommended that m@regrammed with this mode should be in small vegtand
any long moves that require a sweep of a rotary laximore than 10 degrees should be broken ugRintanore
smaller moves. Note that Smoothing must alsabeet on (P220 = 1) for this feature to work; otrise, it will
be treated as a regular G93 (Inverse Time).

Example of use in a program (based on the exampterf G93 above):

GO0 G54 G90 X2.2126 Y-1.1995 A94.75 B-.161 S3000 M3 ; Move to start

G43 H26 Z7.0002 M8

Z3.1002

G1 G93.1 X2.2048 Y-1.2593 Z3.0204 F150. ; Force tool tip to move 150 in/min
X2.2052 Y-1.2586 Z3.0202 A94.756 B-.162 F30000. ; Ignore F..Move at 150ipm
X2.2079 Y-1.2578 73.0197 A94.763 B-.173 F30000. ; Ignore F..Move at 150ipm
X2.2124 Y-1.2566 Z3.0189 A94.773 B-.189 F30000. ; Ignore F..Move at 150ipm
X2.2184 Y-1.2551 73.0179 A94.786 B-.212 F24065.56 ; Ignore F..Move at 150ipm
X2.2258 Y-1.2533 73.0167 A94.802 B-.24 F19736.14 ; Ignore F..Move at 150ipm
X2.2345 Y-1.2512 73.0155 A94.819 B-.272 F17187.45 ; Ignore F..Move at 150ipm

G94 - Cancel Inverse Time
G94 is used to cancel Inverse Time feedrates, endrto regular Feed per Minute feedrates.
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G98 - Initial Point Return

G98 sets the +Z return level to point | as pictureBligure 1 in the Canned Cycle Section.
(G98 is the default setting)

G99 - R PointReturn

G99 sets the +Z return level to point R as pictuneéigure 1 in the Canned Cycle Section.

G117, G118, G119 - Rotation of Pre-set Arc Planes
G117, G118 and G119 have the same functionaliylas G18 and G19, respectively, except that thelyde 2
optional parameters P and Q to specify the arceplatation away from the pre-set arc plane: Pifipethe arc
plane angle of rotation (in degrees) around the éixis and Q specifies the arc plane angle ofiootaround the
second axis.

For the G117 plane, the "first axis" is X and teecond axis" is Y.

For the G118 plane, the "first axis" is Z and thecbnd axis" is X.

For the G119 plane, the "first axis" is Y and teecond axis" is Z. If P and/or Q are not specified,angles are
assumed to be 0 degrees. If both P and Q pararate0, then the plane is assumed to be an orthbfre-set)
arc plane. The center of the arc can be spedifjettie user in a 3D form both in G17-G19 and in GGIL19 (all

I, J, K values are allowed at the same time withe@@ G3). Any arc center component outside treular plane is
ignored.

Example:
GO0 X0 Y0 z1 ; rapid move
G03 G18 X1 YO Z0 K-1 F20 ; arc mill
GO0 X0Y0Z71.1 ; retract move
G01 71 : move to start of contour
G03 G118 P1.000000 X0.9998 Y0.0175 70 K-1 ;arc mil | rotated about Z

*NOTE: G117-G119 will not be permitted while cutmompensation is turned on. Also, scaling isailowed
while G117-G119 is specified and G117-G119 is otxeed while scaling is active.

*NOTE: G117-G119 will not work when Smoothing isnied on (P220 = 1).
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G173, G174, G176, G181, G182, G183, G184, G185, 18 ompound
Canned Cycles

On a machine configured as an Articulated Head imachith the TWCS feature enabled, the Compounch€dn
Cycle G-codes are used to perform tilted-head /Bolle/Tap operations when the currently selectedSAi&hot
transformed (TWCS=No). See Parameter 166 in Chagtéor information on Articulated Head configuoat and
turning on the TWCS feature for the machine.

On a such a machine, Compound Canned Cycles aleassen alternative to the their corresponding non-
compound Canned Cycles because the non-compousidngcannot be used when the currently selecte8 WC
not transformed (TWCS=No) and the spindle heaittésitoff vertical (B/' axis angle is not 0). In all other
situations, Compound Canned Cycles are the safsadationality as their corresponding hon-compound
counterparts.

Corresponding
Compound non-compound
Canned Cycle Canned Cycle
G-code Function G-code
G173 Compound High Speed Peck Drilling G73
G174 Compound Counter Tapping G74
G176 Compound Fine Bore Cycle G76
G181 Compound Drilling and Spot Drilling G81
G182 Compound Drill with Dwell G82
G183 Compound Deep Hole Drilling G83
G184 Compound Tapping G84
G185 Compound Boring G85
G189 Compound Boring with Dwell G89

G180- Cancel Canned Cycles

G180 has the exact same functionality as G80.
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Chapter 13
CNC Program Codes: M functions

M functions are used to perform specialized actioSNC programs. Most of the M-series Control Whdtions
have default actions, but can be customized wethuge of macro files.

Summary of M functions

MO0
MO1
MO02
MO03
MO04
MO5
MO06
MO7
M08
M09
M10
M11
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
M25
M26
M30
M39
M41
M42
M43
M50
M51
M60

Stop for Operator

Optional Stop for Operator

Restart Program

Spindle On Clockwise

Spindle On Counterclockwise

Spindle Stop

Tool Change

Mist Coolant On

Flood Coolant On

Coolant Off

Clamp On

Clamp Off

(macro) Swing Arm Pot Up *

(macro) Unclamp Tool with air on *
(macro) Unclamp Tool with air off *
(macro) Prepare for Tool Change *
(macro) Home Tool Changer *

(macro) Orient Spindle *

(macro) Pickup Tool *

(macro) Move Head Up *

(macro) Move Head to ATC level *
(macro) Rotate Carousel *

(macro) Start Tool Put-back *

Move to Z Home

Set Axis Home

Customizable M-code for End of Intercon Progra
Air Drill

(macro) Select Low Spindle Gear Range *
(macro) Select Medium-Low Spindle Gear Range
(macro) Select High Spindle Gear Range *
(macro) Index Tool Plus *

(macro) Index Tool Minus *

(macro) 5 Axis Digitizing *

M80 (macro) Carousel In *

M81 (macro) Carousel Out *

M91 Move to Minus Home

M92 Move to Plus Home

M93 Release/Restore Motor Power

M94,M95 Output On/Off

M98 Call Subprogram

M99 Return from Macro or Subprogram

M100 Wait for PLC bit (Open, Off, Reset)

M101 Wait for PLC bit (Closed, On, Set)

M102 Restart Program

M103 Programmed Action Timer

M104 Cancel Programmed Action Timer

M105 Move Minus to Switch

M106 Move Plus to Switch

M107 Output Tool Number

M108 Enable Override Controls

M109 Disable Override Controls
M115,M116,M125,M126 Protected Move Probing Funtsio
M120 Open data file (overwrite existing file)

M121 Open data file (append to existing file)

M122 Record local position(s) in data file

M123 Record value and/or comment in data file
M124 Record machine position(s) in data file

M127 Record Date and Time in a data file

M128 Move Axis by Encoder Counts

M129 Record Current Job file path to data file
M130 Run system command

M200/M201 Stop for Operator, Prompt for Action
M223 Write Formatted String to File

M224 Prompt for Operator Input Using Formattedrfgtr
M225 Display Formatted String for A Period of Time
M290 Digitize Profile

M300 Fast Synchronous I/O update

M333 Axis Role Re-assignment

M1000-M1015 Graphing Color for Feedrate movement

* M functions marked with “(macro)” actually have standard default action, and could possibly be
unimplemented and therefore unavailable on yourhinac Also, their stated function is only standandcertain

machines.
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Macro M functions (custom M functions)
Most M-Series CNC M functions from 0 through 90 ¢enfully customized. Exceptions are M2, M6, an2iaV
that can be customized, but will always move the(3) axis to the home position before executirgyrttacro M
function commands. No M functions above 90 magulstomized with macros. The default action listétibe
performed unless that M function has been custainize

To create a macro for an M-function, a file mustheated in the C:\cncm directory. The file's namest be
mfuncXX.mac where XX is the M function number usedall the macro. M functions 0-9 must use sirtitgts
in the filename (e.g. Use mfunc3.maot mfunc03.mac). The contents of the file may be\alid M and G
codes.

Each time the M function is encountered in a progrdne macro file will be processed line by line.

* NOTE: Nesting of macro M functions is allowed.d®esive calls are not: if a macro M function cakelf, the
default action of the function will be executed.

Example: Turn on spindle with variable frequendyeland wait for "at speed” response. This exardpl@nds
on M94/M95 1 being used for the Spindle Enableaigmd input 5 being the spindle at speed signtiderPLC
program.

Create file c:\cncm\mfunc3.mac with contents aofad:

M94/1 ; request spindle start
M101/50005 ; wait for up to speed signal

M2, M6, and M25always move the Z-axis to the home position before ahgomotion. All other M functions are

performed after the motion of the current linedsnplete.

The M and G codes in a macro M function are notillgualisplayed on the screen as they are execatetare all
treated as one operation in block mode. If yolhwissee or step through macro M functions (e.gtesting
purposes), set parameter #10 as follows:

0 Don't display or step through macro M functions
1 Display macro M functions, but don't step throtigdm
2 Display and step through macro M functions

* NOTE: You cannot use block mode to step throughaaro M function called using the G81 transforomaijsee
Chapter 12); the action timer will expire beforeiyaan pres€YCLE START .
NOTE: Only one M function per line is permitted.

* NOTE: Unlike subprograms invoked with G65, maarguments passed into a macro M function are passed

by reference. This means local changes to #1 glwé#33 or #A through #Z will change the their valwgon
return from the macro M function.
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MOO - Stop for Operator

Motion stops, and the operator is prompted to pites€YCLE START button to continue.

MO1 - Optional Stop for Operator

M1 is an optional pause, whose action can be ssldnt the operator.

When optional stops are turned on, M1 will pausedinrently running job untCYCLE START is pressed.
However, if optional stops are turned off, M1 wilit pause the program.

*NOTE: If you plan to override the default actiohM1 with a macro file, you may want to includealdo M1
within the macro file so that the default actiomdAd will still be effective in the overridden MOtherwise, if a
call to M1 is not included within the macro filbetnew overridden M1 will cause optional stopseaarzffective.

MO2 - Restart Program
M2 moves the Z-axis to the home position, perfoamg movement requested, and restarts the progamtfre
first line. The operator is prompted to press@MCLE START button to continue.

MO3 - Spindle On Clockwise

M3 requests the PLC to start the spindle in thekslase direction.

Default action:
M95/2
M94/1

MO04 - Spindle On Counterclockwise
M4 requests the PLC to start the spindle in thentaralockwise direction.

Default action:
M95/1
M94/2

MOS5 - Spindle Stop

M5 requests the PLC to stop the spindle.

Default action if the spindle had been spinning CW:
M95/2
M95/1

Default action if the spindle was OFF or was spignCCW:
M95/1
M95/2

MO6 - Tool Change

M6 moves the Z-axis to the home position and stopspindle and coolant. If an automatic tool gjeanis
installed, it then commands the tool changer tactwio the requested tool. Otherwise, it promipgsdperator to
insert the tool and then press tBéCLE START button on the Operator Panel.

Default action (no tool changer):

M25 ; always does M25 first
M95/1/2/3/5 ; turn off spindle & coolant
M100/75 ; wait for CYCLE START butto
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Default action (tool changer installed):

M25 ; always does M25 first
M95/1/2/3/5 ; turn off spindle & cewit

M95/16 ; turn off tool changer strobe
M107 ; send tool number to tool changer
M94/16 ; turn on tool changer strobe
M101/32 ; wait for acknowledge frolmanger
M95/16 ; turn off tool changer strobe
M100/32 ; wait for acknowledge fromanger

Manual tool changes are selected by setting Paes¢b 0 in the Machine Parameters table. Thenaaiic tool

changer is selected by setting Parameter 6 toelGhapter 14).

The PLC program must be involved in commandingworaatic tool changer and its associated strob& B
Acknowledge lines. See Chapter 5 of the serviceuabfor details of how such a PLC program could be

constructed.

MO7 - Mist Coolant On

M7 causes the PLC to start the mist coolant system.
Default action:

M95/3
M94/5

MOS8 - Flood Coolant On

M8 causes the PLC to start the flood coolant system
Default action:

M95/5
M94/3

MQ9 - Coolant Off

M9 causes the PLC to stop the coolant system.

Default action:
M95/3/5

M10 - Clamp On

M10 causes the PLC to activate the clamp.

Default action:
M94/4

Note: adding 256 to parameter 178 can switch MIDNh1.

M11 - Clamp Off

M11 causes the PLC to release the clamp.

Default action:
M95/4
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M17 — Prepare for Tool Change (Macro)
M17 has no default action, therefore a custom Maénm must be defined for this feature to workddfined, the
M17 macro turns off spindle and coolant and stiéw¢sspindle orientation process in preparatiorMér(Tool
Change). The M17 macro is allocated for use witercon and the setting in Parameter 162. Seereteal62 in
Chapter 14 for more information.

M19 — Spindle Orient (Macro)

M19 has no default action, therefore a custom Magnm must be defined for this feature to workddfined, the
M19 macro sends a request to the PLC to rotategimelle to its pre-set orient position.

M25 - Move to Z Home
By default, M25 moves the Z axis to the home pogitt the Z axis maximum rate. The Z axis hométiposs
the Z axis component of the Return #1 (G28) machosition. (The Return #1 position is first maehooordinate
position defined in the Return sub-menu of the Wodordinate System Configuration.)

The default action of M25 only involves the Z axldowever, if you specify axis arguments (up totBgn those
axes specified will be moved to their axis homeitss (Return #1 machine position).

Examples:
M25 ; move Z to home
M25 /Z ; same as M25 by itself — move Z to home
M25 /X/YIZ ; move X, Y and Z to their Return #1 pi@ns
M25 /X ; move only X to its Return #1 position

M26 - Set Axis Home

M26 sets the machine home position for the spetdids to the current position (after the line'svarent). If no
axis is specified, M26 sets the Z-axis home pasitio

Example:
M91/X ; home X axis to minus home switch
M26/X ; set machine home for X-axis there
M92/Z ; home Z-axis to plus home switch
M26 : set machine home for Z-axis there

M30 - Custom M Code
Intercon posts an M30 at the end of every G codgram. By default M30 performs no operation. If yash to
perform certain operations at the end of every anog this M code can be customized to meet yousdeamt
more information on customizing M codes see thermigg of this chapter.

M39 - Air Dirill
M39 is a default air drill activation sequence watkimeout. The sequence of operations is asvstlo
M94/15 ; activate M function request 15
M103/2 ; start 2 second timer
M100/50015 ; wait for input 15 to open
M95/15 ; deactivate M function request 15
M104 : cancel timer

* NOTE: This program will be canceled by timer engpion if input 15 does not open within 2 seconitsravi
function request 15 is activated. The PLC programstrbe involved in taking away the drill output wihtee CNC
program stops:

M-Series Operator's Manual 4/9/15 135



Example:

; PLC program fragment

CNC_program_running is SV_PROGRAM_RUNNING ;programning indicator

M15is SV_M94 M95 15 ;fiyhction 15 indicator

drill_out is OUT5 ; air drill output relay

if M15 && CNC_program running then (drill_out) Drill On if M94/15 and the
; CNC program is runningilDr
; Off if M95/15 or the CNC
; program is terminated.

M41, M42, M43 — Select Spindle Gear Range (Macros)
M41, M42, and M43 have no default actions, andafoee custom macros must be defined for these M<od
order to make this feature work. If defined, theseeros notify the PLC of which spindle gear raisgeelected
according to the following table:

Macro M function | Action
M41 Select Low Gear Range
M42 Select Medium-Low Gear Range
M43 Select High Gear Range

Note that selecting a “Medium-High” Gear Rangeugently not supported by this schema, althoughlwald
not prevent a system intergrator from defining heotustom macro M function to do that.

M60 —5-Axis Digitizing Macro
The M60 is used only when digitizing with the 5-axiilt Table system.

The M60 uses user variables to assign a “Starti®usand a “Finish Position” for 5-Axis Digitizig. When the M60
is executed, the probe will be moved from the giasition to the end position. If during the motibie probe detects a
surface, the surface position is recorded, angbtbiee returns to the start position. If no surfiacund the probe
returns to the start position.

The following variables are to be assigned befloeeM60 is called, the M60 will then use the positi@s assigned by
the user variables:

#29100 = X-Axis Probing vector start point (InitRosition)
#29101 = Y-Axis Probing vector start point (InitRdsition)
#29102 = Z-Axis Probing vector start point (InitRdsition)
#29103 = A-Axis Probing vector start point (InitRbsition)
#29104 = B-Axis Probing vector start point (InitRdsition)
#29110 = X-Axis Probing vector end point
#29111 = Y-Axis Probing vector end point
#29112 = Z-Axis Probing vector end point

Upon a successful probe the M60 will use an M122atee the probed position to a text file that stidad opened
using an M120 or M121 before calling the M60
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Example M60 use in a program:

M121 "m60test.digs" ; Open text file to record data too
#29100 = -8.7999 ; X-Axis Start Position

#29101 = .3747 ; Y-Axis Start Position

#29102 = -1.1832 ; Z-Axis Start Position

#29103 = 85.957 ; A-Axis Start Position

#29104 = 21.36 ; B-Axis Start Position

#29110 = -8.7138 ; X-Axis End Position

#29111 = -.0159 ; Y-Axis End Position

#29112 =-1.183 ; Z-Axis End Position

M60 ; Execute M60

M91 - Move to Minus Home

M91 moves to the minus home switch of the axis ifipelcat the slow jog rate for that axis. Afteetminus home
switch is tripped, the axis reverses until the hawch clears, and stops when it detects the ipiise.

Example:
M91/X ; moves the X-axis to the minus home switch.
G92 X-10 : sets X minus home switch at -10

M92 - Move to Plus Home

M92 moves to the plus home switch of the axis d@etat the slow jog rate for that axis. After fples home
switch is tripped, the axis reverses until the haw#ch clears, and stops when it detects the ipiise.

Example:
M92/X ; moves the X-axis to the plus home switch.
G92 X+10 ; Sets X plus home switch at +10

M93 — Release/Restore Motor Power
M93 releases or restores motor power for the gasified. If no axis is specified, then all axes eeleased.

Example:
To release motor power:
M93/X ; releases the X axis.
M93 : releases the motors on all axes.
Example:
To restore power:
M93/X P1 ; restore power to the X axis motor.
M93 P1 ; restore power to the motors on all axes.
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M94/M95 - Output On/Off
There are 128 user definable system variable lgitscan be used to communicate with the PLC. M@4N95
are used to request those system variable bitsnicon or off respectively. Requests 1-128 arepedgo the PLC
as system variables SV_M94 _M95 1 through SV_M945 M28 as shown in the following table:

On Off PLC bit
M94/1 | M95/1 | SV_M94 M95 1
M94/2 | M95/2 | SV_M94 M95 2
M94/3 | M95/3 | SV_M94 M95 3
M94/4 | M95/4 | SV_M94 M95 4

M94/128| M95/128 | SV_M94 _M95_128

To use M94 and M95 to control a function exteroahte servo control, such as an indexer, the irgmuest must
be mapped to one of the PLC outputs in the PLCrprag See M94/M95 function usage in the PLC seatiathe
service manual.

Example:
M94/5/6 ; turns on SV_M94_M95 5 and SV_M94_M95_6.

* NOTE: M94 and M95 will cause prior motion to désrate to a stop before the requested bits aredunn or
off.

* NOTE: Requests 1-5, 15, and 16 are controllethieydefault actions of M3, M4, M5, M6, M7, M8, MBI10,
M11, and M39. To override or disable a bit usedne of these M codes, define a custom M-function.

M98 - Call Subprogram

M98 calls a user-specified subprogram. A subprogsaaseparate program that can be used to peda®ntain
operation (e.g. a drilling pattern, contour, eimgny times throughout a main program.

Calling methods:
M98 PxxxxLrrrr
Or
M98 "program.cnc” krrr

wherexxxxis the subprogram number (referring to filex®xcnc, 9100-9999 allowed, leading 0's required in
filename, capital O, lowercase .cnag)r is the repeat value, and "program.cnc" is the naintiee subprogram file.

Subprograms are written just like normal prograwit) one exception: an M99 should be at the enthef
subprogram. M99 transfers control back to the mglprogram.

Subprograms can call other subprograms (up to &@ddevels of calling may be used), Macro M-fumesi, and
Macros. Macro M-functions and Macros can similadyl subprograms.

Subprograms 9100-9999 can also be embedded ingrapmogram, using O9xxx to designate the beginoirthe
subprogram and M99 to end it. The CNC software ngild the subprogram and generate a filex@6nc. The
CNC will not execute the subprogram until it encieus M98 P8xx

NOTE: An embedded subprogram definition must begidebefore any calls to the subprogram.
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Suppose that a drilling pattern of 4 holes is ndede different locations.

This subprogram would handle the drilling and imee@tal moves between the holes:

09101 ;Program 09101.cnc
G91 F10 ;Incremental positioning
G81 XO0YOR-4Z7-.6 :Drill lower left hole
Y15R-42Z-.6 ;Drill upper left hole
X1R-42Z-6 ;Drill upper right hole
Y-1.5R-.4Z7-.6 ;Drill lower right hole
G80 ;Cancel canned cycles
M99 ;End of subprogram

The main program would call this subprogram thiees:

:Main program

G90 GO X2 Y5 70.5 ;Move to first hole pattern
M98 P9101 L1 ;Call subprogram 09101.cnc
G90 GO X4Y1 z20.5 ;Move to second hole pattern
M98 P9101 L1 ;Call subprogram

G90 GO X6 Y5 Z0.5 ;Move to third hole pattern
M98 P9101 L1 ;Call subprogram

:End program

Another example is "looping" or consecutively repaaa section of code. Here, the subprogram wveilphrt of the
main program.

:Main program

G90 GO X0 Y0 z0.1

G1 Z0 F30

09100 ;Beginning of subprogram
G91G1Z-0.1F5

G90 X2 F30

Y2

X0 YO

M99 ;End of subprogram 9100
M98 P9100 L3 ;Repeat 09100 3 times
M25 G49 ;End main program
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M99 - Return from Macro or Subprogram
M99 designates the end of a subprogram or macraransfers control back to the calling program whagecuted.
M99 may be specified on a line with other G codel®9 will be the last action executed on a lindviB9 is not
specified in a subprogram file, M99 is assumedhatend of the file:

Example:
G1 X3 M99 ;Move to X3 then return to calling gram.

If M99 is encountered in the main job file, it wile interpreted as the end of the job. If M99nisarintered in an
M function macro file, it will be interpreted asetiend of any enclosing subprogram or macro, dneagnd of the
job.

M100 - Wait for PLC bit (Open, Off, Reset)
M101 - Wait for PLC bit (Closed, On, Set)

The M100/M101 commands wait for a PLC bit to readdtate as indicated in the table below.

Number PLC bit M100 M101
50001 — 51312 | INP1 - INP1312 open closed
60001 — 61312 | OUT1-0UT1312 off on

70001 — 71024 | MEM1 — MEM1024 reset set

90001 — 90064 | T1 —T64 status bits reset (notredp set (expired)
93001 — 93256 | STG1 — STG256 status bits resealidid) set (enabled)
94001 — 94256 | FSTG — FTSG256 status bits resealflid) set (enabled)

The number ranges 1-240 can be used to refereadegheighty INP, OUT, or MEM bits. It is recommeed
that existing CNC10 programs and macros be convéotéhe new ranges for use with CNC11.

1-80 INP1 — INP80 open closed
81 - 160 OuUT1 - 0uUT80 off on

161 — 240 MEM1 — MEMS80 reset set
Example:

M101/50001 ; wait for INP1 to close
M100/60002 ; wait for OUT2 to turn off
M101/70123 ; wait for MEM123 to be set (1)

NOTE: The numbers assigned to the PLC bits (ext&#0) are the same as those that can be used when
referencing system variables in M- and G-code @y
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M102 - Restart Program

M102 performs any movement requested, and reskarisrogram from the first line. The Z-axifN®T moved to
the home position, and the operatoN{ST prompted to press tl@&YCLE START button to continue.

M103 - Programmed Action Timer
M103 is used to set up the time limit for a timgeb@tion. If the timer is canceled (usually by M10efore the
specified time limit , the program will be canaklnd the message "Programmed action timer expivéidie
displayed. If another M103 is issued before theetlimit expires, then this time limit is nullifieahd the new time
limit will be set up as specified by the latesturting M103. Note also that if MO or M1 causes firogram to
stop momentarily and the “MO jogging” feature isabled, then the the timer will also be canceledheuit the need
to issue M104.

Example: Activate a device and wait for a response. df¢his no response within 4.5 seconds, cancel the
program.

M94/12 ; turn on input request 12
M103/4.5 ; start 4.5 second timer
M100/4 ; wait for input 4 to open

M104 ; input 4 opened, cancel timer

M104 - Cancel Programmed Action Timer
M104 stops the timer started by the last M103 eteztu

M105 - Move Minus to Switch

M105 moves the requested axis in the minus directdhe current feedrate until the specified swdpens (if the
given P parameter is positive), or until the séedibwitch closes (if P parameter is negative).

Example:
M105/X P5 F30 : move the X axis in minus directadr80"/min until
; the switch on INP5 opens
G92 X10 ; Sets X position to 10
M105/Z P-6 ; move the Z axis in minus directionilswitch on INP6 closes

M106 - Move Plus to Switch

M106 moves the requested axis in the plus directdahe current feedrate until the specified swiipkns (if the
given P parameter is positive), or until the seediwitch closes (if P parameter is negative).

Example:
M106/Z P3 F30 ; move the Z axis in the plus dimtat 30"/min, until
; the switch on INP3 opens
G92 X10 ; Sets Z position to 10
M106/X P-3 ; move the X axis in the plus directiamtil the switch on INP3 closes

M107 - Output Tool Number

M107 sends the current tool number to the autontaticchanger, via the PLC. M107 does not setalbédhanger
strobe or look for an acknowledgement from the gbaiisee M6).

Example:
M107 ; send request for tool to change
M94/16 ; turn on tool changer strobe
M101/5 ; wait for acknowledge on input 5
M95/16 ; turn off strobe
M100/5 ; wait for acknowledge to be removed
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M108 - Enable Override Controls

M108 re-enables the feedrate override and/or spispibed override controls if they were disablett WiL09. A
parameter of “1” indicates the feedrate overrid¥;ihdicates the spindle speed override.

Example:
M109/1/2 ; disables feedrate and spindle speedides
M108/1 ; re-enables feedrate override
M108/2 ; re-enables spindle speed override

M109 - Disable Override Controls

M109 disables the feedrate override and/or spispgé=d override controls. It may be used beforgitigpwith
G85 to assure that the machine runs at the progeahfieedrate and spindle speed. It is not necessapecify
M109 with G74 or G84; those cycles automaticalatlle and re-enable the override controls. M10@aibe
used in MDI mode.

Example:
M3 S500 ; start spindle in clockwise directian500 rpm
F27.78 ; set feedrate for 18 pitch tap
M109/1/2 ; disable feedrate and spindle speedioes
G85X0YOR.12-5 ; tap a hole
M108/1/2 ; re-enable overrides

M115/M116/M125/M126* — Protected Move Probing Funabns

The protected move probing functions provide thgabdity to program customized probing routines.

The structure for these commands gtnnn /Axis posPp Ff L1
Where:
nnn is either 115, 116, 125, or 126.

Axis is a valid axis label, i.e., X, Y, Z, etc.
pos is an optional position

P is a PLC bit number, which can be negative.

F* is a feedrate (in units per minute.)

L1* options for the M115/M116 commands that preventsraor if the probe does not detect a
surface

Q1 is an option for M115/M116 that forces the Of8&be to move a “Recovery Distance” on
retries. (See Machine Parameter 13 for “Recovesyddice”)
Note: the Q1 option only applies for DSP Probes

For M115 and M116 functions, the indicai@ds will move topos(if specified) until the corresponding PLC pit
state is 1, unlegsis negative, in which case movement is until th€mit state is O(closed). A‘value” of 1 to

80 (or -1 to -80) specifies PLC bits INP1-INP80aMings are generated in the CNC software messam®w for
"Missing P valuéand 'Invalid P value" If “pos” is not specified, M115 will move trexisin the negative
direction, and M116 will move thaxisin the positive direction. Note ip6s” is specified, then if does not matter
whether M115 or M116 is used. Regardless of whiaihaot pos is specified, movement is bound bys#téngs

in the software travel limits as well the maximurolgng distance (Machine Parameter 16).

For M125 and M126 protected move functions, thealign is identical to that of the M115 and M116 coands,

except in regards to the PLC bit state. The MIibM116 commands are to be used when one expeutsctto
be made and M125 and M126 commands are to be Uz ene does not expect any contact to be made.
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Example:
Finding the center of a vertical slot. In this exae, it is assumed that there is a probe connectddP15 and
that the probe tip is positioned somewhere in tbie such that movement along the X-axis will caag@obe
trigger.

M115/X P-15 F20 ; Move X minus at 20 ipm umtibbe trip
M116/X P15 F5 ; Move X plus at 5 ipm untibpe clears
#100 = #5041 ; Record the point in useiaide #100
M116/X P-15 F20 ; Move X plus at 20 ipm umtibbe trip
M115/X P15 F5 ; Move X minus at 5 ipm umtibbe clears
X[[#100+#5041}/2] ; Move X to center of slot

*Usage is slightly different when using a DSP typebe. Please see below for dissimilarities betwae standard
DP4 probe and the DSP type probe.

*M115/M116/M125/M126 - DSP Probe specific informatn

Before attempting to use the protected move profingtions with a DSP type probe, please be sufaniarize
yourself with the DSP probe configuration in Cha@f this manual. Using the proteci@mbing moves with a
DSP type probe may yield unexpected results ifgomot fully understand the concepts and guideltiesussed
in the DSP probe configuration section.

If the control is configured to use a DSP type praddl M115/M116 moves will perform window checkiagd
repeat on a failed window. On a failed windowepeaat attempt is made by returning to the stapoigt of the
move.

Protected move probing functions follow the sammmand format as that of a standard probe (Mamxis/posPp
Ff L1) with the following exceptions:

f This will be ignored if “Force DSP Feedrate in ¥8/M116” has been set to yes.
L1 Still prevents a fault from occurring. Stotast DSP position on failed window.
L2 Like L1, prevents a fault from occurring bustead stores last mechanical pos. on failed windo
Q1 On a failed window, force a pull back distaecggial to the Probing Recovery Distance
(Parameter 13), instead of moving back to thetisig point.

DSP position vs. mechanical position:

Protected probing moves that are performed usstgradard DP4 probe can collect only the point atlwmotion
has stopped after detecting contact. This positioaferred to as the “mechanical position”. Wheing the DSP
type probe, it detects and stores the contactiposion the fly”. This position is in machine ptish (not a local
WCS position) and is referred to as the DSP pasitio

Example from above — Modified to use a DSP typel@n
Finding the center of a vertical slot.

M115/X P-15 ; Move X minus at DSP rate Lptobe trip (no feedrate needed)
#100 =[[#24301]-[#2500]] ; Convert point toroent WCS position, Store point in variable #100
M116/X P15 ; Move X minus5aipm until probe clears

M116/X P-15 ; Move X plus at DSP rate uptibbe trip

X[[#100+[[#24301]-[#2500]])/2] ; Move X to centaf slot
Retrieving the DSP position:

The last stored DSP position for axes 1-5 can beiezed from system variables #24301-#24305 untbss
L2 switch was used in which case #24301-#24305 edghtain the mechanical position after a failed wdow.
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M120 - Open data file (overwrite existing file)
This M function will open the requested data fibe Writing. If no drive or directory is specifiedth the file
name, then the file will be opened in the samectiry as the CNC program. If the file cannot becgssfully
opened, then an error will be returned, ultimatelyninating the job. If a data file is already npehen M120 is
called, that file will first be closed, then theméle opened.

Example:
M120 "probetst.dat” ; Opens probetst.dat file tdemdata too

Note: M120 and M121 also allow use of the string useiabdes #300 - #399 to specify a filename. As an
example, given that #300 = “myfile” and #301 = “tnc

M120 “#300.#301" ;Opehe file “myfile.cnc” for data recording.

Keep in mind however that there is a quirk in treywhat the M120/M121 operates that requires the be
present so assigning #301 = “.cnc” and executin@g®1#300#301” does not work and generates a “Coatd
open file” error message.

M121 - Open data file (append to existing file)
This M function will open the requested file foritimg at the end of the file. If no drive or ditety is specified
with the file name, then the file will be openediie same directory as the CNC program. If treeddes not
already exist, it will be created. This is notaaror. If the file cannot be successfully opertbdn an error will be
returned, ultimately terminating the job. If aaléite is already open when M121 is called, thiat il first be
closed, then the new file opened.

Example:
M121 "c:\probetst.dat" ; Opens probetst.dat filadd data to it

String variables #300-#399 may also be used tofypeedile name. Please see M120 above for details

M122 - Record local position(s) and optional commenn data file
This M function will write the current expected fiam value to the data file, in the usual formiad.(axis label
before number, 4 decimal places in inch mode, ad@laces in millimeter mode. Any comment thppeared
on the line with M122 will be outputted after thesgion(s). With no axis arguments, M122 will verthe
positions of all installed axes. With axis argutseit will write the positions only of the requedtaxes. Positions
will be written in local (not machine) coordinat@snative machine units. If no data file has bepaned with
M120 or M121 before M122 is called, then M122 wdturn an error and terminate the job. The paranhdienay
be used to suppress the new line character normatlfyutted after the last position. Furthermore,dhtput of axis
labels, comma separators, and spaces can be ewalsleppressed via machine parameter 72 (see Rarar2en
Chapter 14). If the control has been configureds® a DSP probe type, using parameter Q1 will whitevalues
stored in #24301-#24305 to the file.

Examples (M function and sample output):

M122 ;comment -> X1.2345 Y-3.2109 Z-0.5678mcoent
M122 /X L1 > X-1.5000
M122 /X > X-1.5000 X-2.0000
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M123 - Record value and/or comment in data file
This M function will write the specified parametelue (if any) to the data file, followed by anynwment that
appeared on the line with M123. If a P value isc#iped, M123 will record the numeric value (4 dual places in
inches, 3 in millimeters). If neither a P valug accomment was specified, M123 does nothing. Ehigt an
error. If no data file has been opened with M12M&21 before M123 is called, then M123 will retwan error
and terminate the job. The parameter L1 may be tessdppress the new line character normally otegufter
the last value. The R and Q parameters can betasgecify the field width and precision, respeeljv

Furthermore, the output of axis labels, comma s#pes, and spaces can be enabled or suppressedcfane
parameter 72 (see Parameter 72 in Chapter 14).

Examples (M function and sample output):

M123;1.2345 ->1.2345
M123 P#A ; first macro argument 2345 first macro argument
M123 QO P1.23 >1

M124 - Record machine position(s) and optional coment in data file
Identical to M122 above except that the m124 repmiichine position instead of a local WCS position.

M127 - Record Date and Time in a data file
This M function is used to write the date, timed gear to the specified data file called out by M0 or M121.

Examples (M function and sample output):

M121 “testdata.dat”
M127

If you opened testdata.dat you would see: DayedkyMonth, day, time, and year.
(i.e. Wed Aug 29 11:56:57 2007)

M128 — Move Axis by Encoder Counts

M128 moves the requested axis by L which spec#reencoder count position or quantity. The L patamis
subject to the current G90/G91 mode (absolute/ineraal).

Example:
G91 M128/X L-5000 ; move the X axis incrementally-6000 counts

M129 - Record Current Job file path to data file
This M function is used to write the current jofite path to the specified data file called outtbg M120 or
M121.

Example:
Run a job named job.cnc which contains the follaga@rines:

M121 “output.txt”
M129

If you opened the output.txt file you would see:

c:\cncm\ncfiles\job.cnc
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M130 - Run system command
This allows shell commands to be called from a GiM&yram or MDI. M130 takes one string argumentohhi
contains the system command to execute.

For example:
M130 "mycommand.bat"
will run the batch filanycommand.bat

Normally, the command will run asynchronously, magrthat the G-code program will not wait for thmmamand
to finish before continuing. However, if an L1 pareter is given, the command will prevent furthecdée
execution until a fault occurs (such as E-Stop).

Formatted String Commands- M200, M223, M224, M225 &290

The formatted string commands are provided to &gs@istom screen and file /0. Aotmatted-string is similar
to the C programming language “printf” command haiirious restrictions. The basic form dbamatted-strings
a quoted string (comprised ofmgleline of up to 1024 characters) followed by a (jlmgsempty) list of user
and/or system variable expressions. The variatpeession is a '#' character followed by a numivdaracketed
expression.

For example, given #100 =88ASCII 'X"), #300 = “absolute”, and #101 = 1.234fis string:
“The %c * axis %s position is %f” #100 #300 #101

evaluates to
“The X * axis absolute position is 1.23450”

The “%c™ is replaced by the ASCII character value of userable #100, the “%s” is replaced by the stringrus
variable #300, and the “%f” is replaced by the eadfi user variable #101.

Type specifiers

The's', 'c', and 'f' are type specifiers, witlspgcifying a string user variable, 'f' specifymfoating point user
variable, and 'c' specifying a single charactesstuion using the integer part of a floating gaiser variable.
There should be one user variable expression fenye¥%' character in the quoted string. It is gdessible to
specify a field width by inserting a number betwéen'%' and the type specifier.

Example:
%20s — specifies that the substituted string igldiged in a field 20 characters long, right justifiand padded with
spaces on the left. Use “%-20s” for left justificat

The 'f' type can specify a precision such as:
“%0.4f" - display number rounded at the fourth deaimplace.
“%09.4f" - as above but in a field width nine chaexs wide.
“9+9.4f" - as above with an '+' output if varialiepositive.
“9%.0f" - display number rounded to integer
If no precision is specified, “%f” will use a defaprecision of the current DRO display precision.

Special characters

The quoted string may contain one or more “\n” heaicwhich will be converted to a single newlineacicter. Up
to seven newlines can be specified in a single &ted string. However, a formatted string mayaasttain an
embedded quote character ™ or othentf-style escape sequences such as \t', \\', df &'quote character is
desired, use a %c type specifier with a variabf@ession equal to 34.

User string variables #300-#399: These variabdesbe assigned a quoted string up to 80 chardntérsgth and
are retained until the CNC software is exited. &ample,

#300 = “This is a text string of characters”

M-Series Operator's Manual 4/9/15 13-16



*The above method of representing an axis labelldhmiused only when writing to an external fildardisplay
in a message box. Itis not valid if you are afiéng to “build” a motion command in real-time fromithin the
currently running g code program. If your intemtd use a variable to represent an axis label feal-time
command, you should instead use $ as the placehdlue parser will replace a '$' character anchtieerical
expression following it with the ASCII characteueglent to the numerical expression, provided thevaluates
to the characters 'A' (65) through 'Z' (90). If themerical expression is out-of-bounds, an “Invahdracter” error
occurs.

Example: Given #100 = 88, #101 = 1, #102 = 893#@, and #104 = 10,
G1 $[#100][#101] $[#102][#103] F[#104] evaluates toG1 X1 Y2 F10

M200/M201 — Stop for Operator, Prompt for Action

M200 is used to pause the currently running job @notnpt the operator for action. NfO_jogging is
unlocked, or the control is in DEMO mode, joggisgnabled while waiting for the operator to respotiidhis
option has not been enabled, the behavior willdefa that of a standard MO. (jogging disabled)

The syntax is: M20formatted-string [[user_var_expt] ...]

Example:
M200 “Please jog the %c and %c axes to the de¥i@edy 0 position\nPress Cycle Start to continue” @#101

M201 behaves exactly like M200 except that PLC s PROGRAM_RUNNING, SV_MDI_MODE,
and SV_JOB_IN_PROGRESS are turned off while thenptds displayed.

M223 — Write Formatted String to File

The M223 command writesfarmatted-stringo a file that was opened using the M120 or M1@hmands. The
syntax is:

M223 formatted-string [[user_var_expr] ...]

Example:
M223 “; The measured diameter of the pocket = %74#100
M224 — Prompt for Operator Input Using Formatted String
The M224 command displayd@matted-string and then accepts user input. Jhd is:
M224 Ivalue expr formatted-strinffuser_var_expr] ...]

Wherelvalue_exptis auser_var_expr thatvaluates to a user variable that can be writfdwalue _expris a string
type (#300-#399) then the user input is assigneioaen to the string. Otherwise, the user inpvaluated as any
other “bracketed” numerical expression.

Example:
M224 #300 “Please enter the direction that you wasprobe in the %c axis: (+ or -)” #100
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M225 — Display Formatted String for A Period of Time
The M225 command displayd@matted-stringor a specified period of time. The syntax is:

M225time_expr formatted-stringiser_vatr] ...

wheretime_expris auser_var_expthat evaluates to a floating point variable spaeg the number of seconds to
display the output, with a value of zero interpdeds indefinitely. The CYCLE_START key can be uted
immediately continue running without waiting foettime to expire.

Example:
M225 #100 “Warning, %s is not selected\nPleasect@bs and press Cycle Start to continue” #300 #300

M290 — Digitize Profile (Optional)
This performs a 2 axis digitize, probing along &is avhile stepping over using a perpendicular trawés. This
M-code is similar to performing a single slice aidDigitizing with the Surface Following type seted (See
Chapter 8). M290 expects that a file is alreadgrowith M120/121 (however, if not open, there Wil no output).

The syntax is:
M290 A #wv /b__ #wvvv “formatted-string Q_ R__ P L

The first axis mentioned will be treated as thebprg axis and the second will be treated as thelaxis.

Explanation of M290 Arguments:
/a+-nnn.nnn is the probing direction and max distamie axis &’
/b +-nnn.nnn is the travel direction and max distameexis b” (perpendicular to probing axis)
#vvvand #vvv(optional) are G-code variables that will be sepacle of the very lagirobed position of the cycle.
"formatted-string" (optional) is the format of thatput (if not mentioned, then there will be nopuuitto file)
Q__ isthe stepover along the travel directiors(ihia positive quantity)
R__ (optional) is the retract/pullback amount upgarruption or completion.
P__ (optional) is the interruption PLC bit stateiethcauses a graceful end to the cycle. (If nottinaed, then no
PLC bit will checked for graceful interrruption.)
L__ (optional) is the output variable to which tore the interrupt status
(O=no interruption, 1=interrupted by PLC bit P2=surface not found error)

M300 — Fast Synchronous I/O update

There are 32 user definable fast system integéaiblas that can be used to communicate with the @irfiilar to
M94 and M95), but without causing motion to decatierto a stop* (unlike M94 and M95). The syntax is

M300 hn/vwv
wherennis 1-32 andrvvis a 32-bit signed integer value. The parametgl-32) maps to system variables
SV_FSIO1 - SV_FSIO32. These commands work in gastjan with a PLC program that can read the SV_KSIO

and act upon them.

Example:
M300 /21 /-1234 ; set SV_FSIO21 to integer valuz34

* NOTE: Motion will be decelerated to a stop if 8athing is turned on (P220 = 1).

M333 — Axis Role Re-assignment

This is an experimental M-function that re-assiyngZ axis behaviors to other axes. This commaniaat
recommended for normal use.
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M1000-M1015 — Graphing Color for Feedrate movement

When a CNC program is graphed (F8 from the Maire&uy, feedrate movements are normally plotted ubiag
color yellow. This color setting can be changedriother color as stated in the chart below.

M Code | Feedrate M Code | Feedrate
Graphing Color Graphing Color

M1000 black M1008 maroon

M1001 Navy blue M1009 purple

M1002 green M1010 olive

M1003 teal M1011 gray

M1004 orange M1012 red

M1005 blue M1013 fuschia

M1006 lime M1014 yellow

M1007 aqua M1015 white

Changing this feedrate graphing color can be usedraethod highlighting or hiding parts of a grap@&C
program, but will not affect the normal run of flx®gram (when the CYCLE START button is pressethenMain
Screen). The limitations to using these M codesaarfollows: These M codes cannot be placed@sdme line
as another M code, and also the rapid (GO) moveo@at cannot be changed.
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Chapter 14
Configuration

General
The first four optionsk-1 throughF4, will display a set of parameters. Each optioexiplained in detail below. The
ESC key will return you to the previous screen (Setup)

The configuration option provides you with a me@oranodifying the machine and controller configimat The
majority of information in this section should riz# changed without contacting your dealer. Fhe Testkey
should only be used by qualified factory technisitmperform automated system tests.
WARNING Some of the data, if corrupt or incorrect, couldsepersonal injury or machine
damage.

Password

When you presB3 - Config from the Setup Screen, you may be prompted ta erpassword. This level of security
is necessary so that users do not accidentallygeheitel parameters. The original default passvieudistributed in
the documentation provided to the owner of the rimectvhen the control is installed. This passwerdhangeable
via Parameter 42.

If you know the password, type it and pré&d$TER. If the password you enter is incorrect, a messet appear
telling you the password was incorrect and theysass prompt will reappear. PressiB&C will remove the prompt.

If you don't know the password, simply pré®8TER. You will be given access to the configuratiotiaps so that
you can view the information. However, you willtee able to change any of the data.
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Control Configuration

Pressing-1 - Contrl from the configuration screen will display the @ohConfiguration screen. The Control
Configuration screen provides you with a methodtainging controller dependent data. Each of #iddiis
discussed in detail below.

If you wish to change a field, use the up and dawow keys to move the cursor to the desired fidlgpe the new
value and presBSNTER, or press th&PACE bar to toggle. When you are done editing, pFd$s— Saveo save any
changes you have made. If you wish to discard ghanges and restore the previous values, BE8€s

DRO Display Units

This field controls the units of measure that tHR(displays. The two options are 'Millimeters' dndhes." When
this field is highlighted by the cursor, "Press SHAto change" appears at the bottom of the scr&his message is
explaining that pressing tf8&PACE bar will toggle the value of this field betweer tiwo options.

The DRO display units do not have to be the santeeamachine units of measure (explained belowiis Tield is
provided for users of the G20 & G21 codes so ey tay view the tool position in terms of job sr($ee Chapter
12).

Machine Units of Measure
This field controls which units of measure the maeluses for each job. The two options are 'M#liers' and

'Inches’. Press tt#PACE bar to toggle the field between the two options.

This field determines the default interpretationadf dimensions and feedrates. If 'Inches' iscséetk all feedrates and
dimensions will be interpreted as inches as wedrasunit dependent parameters.

* NOTE: This field should rarely, if ever, be chauly If you wish to run a job in units other thae tdefault machine
units, use the G20 & G21 codes.
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Maximum Spindle Speed (High Range)

This field sets the high range maximum spindle dgeethose machines that have a variable frequeptydle drive
controller (VED). All spindle speeds entered i@MC program are sent to the PLC as percentagdssainximum
value.

If your machine is equipped with a dual range dewe VFD, the controller will not exceed the spendpeed set by
this field while in high gear. See the MachinedpPagters section below for information on settirgdkar ratios for
medium and low gear ranges. If your machine hdB[@ but is not equipped with a dual range drivés fleld
determines the maximum spindle speed.

Minimum Spindle Speed (High Range)

This parameter is used to adjust the minimum spisgeed for the high range. This parameter altbe®perator to
set the minimum value for spindle speed to a vather than 0. All changes in spindle speed areenradelationship
to this value, with this parameter as the minimwatug. The values stored can range from 0 to 500000.0 RPM.

Machine Home at Powerup

This field controls how the machine will home atygoup. Set Machine Home at Powerup to Home Svifitgbu
have limit/fhome switches or safe hard stops foaedls, and wish to use the switches or stops fmifp Set
Machine Home at Powerup to Ref Mark — HS if youenfixed reference marks for any axis. In Ref Maokning,
axes that contain a zero (0) for the plus or mimse switch in the Machine Configuration desigriag axis to have
a Ref Mark home, while non-zero values specify LiBwitch homing. Set Machine Home at Powerup tpiflgou
need to manually move or jog the machine to itsépasition. See Chapter 1 for more informationuaimsachine
home.

PLC Type
This field tells the controller which PLC type isstalled. The available choices are: Standardate¢O2, Legacy
RTK2, and None.

Jog Panel Type
This field tells the controller which type of Jogrtel is installed. The available choices are: dagh Legacy, and
Offline.

Remote Drive & Directory

This field sets up the remapped default drive drettbry for theF3 - Remotekey in the Load Job screen. This
allows you to conveniently load files from an attad computer via LAN network (via RJ-45 Ethernetruection).
The Control will usually remap the attached compsit€: hard drive as drive E:, depending on the ivasas set up.

User Specified Paths

Operators can now specify paths for INTERCON fifessted INTERCON files, Digitize files and CAD file These
paths are specified fpathm.ini This file is automatically generated by the Cééftware if it does not exist. The
defaultpathm.inifile is:

INTERCON_PATH=c:\intercon\
ICN_POST_PATH=c:\cncm\ncfiles\
DIGITIZE_PATH=c:\cncm\ncfiles\
CAD_PATH=c:\cncm\ncfiles\

M-Series Operator’'s Manual 4/9/15 14-3



Path tag Purpose of path

INTERCON_PATH Main directory containing *.icn files

ICN_POST_PATH Directory INTERCON places *.cnc file®ated when posting *.icn files.

DIGITIZE_PATH Directory digitize files are saved.t®irectory used by F4 key in Load Job menu when
parameter 4 is set to 2.

CAD_PATH Default directory used by the Import DXFefmenu in Intercon.
This directory is also used to store CAD files gated with the DIG->CAD option in the
Utility menu.

Machine Configuration
Pressing-2 - Machine from the configuration screen will display the thise configuration screen. The machine
configuration screen provides you with a methodr@nging machine dependent data.

If you wish to change the Jog or Motor paramefarsss=1 - Jogor F2 - Motor to select the Jog or Motor screens.
Use the arrow keys to move the cursor and seleadélired field. Type the new value and pENSER or press the
SPACE bar to toggle. When you are done editing, pFes}- Saveto save any changes you have made. If you wish
to discard your changes and restore the previdugsapresE€SC. Pressind=SC again will return you to the

previous screen (Configuration).

F1 - Jog Parameters
This screen contains jog and feedrate informati®ee the figure below.

A description of each of these parameters is libeddw.
* NOTE: Some of these values are set automatitsllihe Autotune option (See PID Menu later in tiapter).

Slow Jog Determines the speed of motion on an axis wham glg is selected and a jog button is pressece sldw
jog rate cannot be set to a value greater thamthemum rate.

Fast Jog Determines the speed of motion on an axis wheirjdg is selected and a jog button is pressed fast jog
rate cannot be set to a value greater than thenmizxirate.
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Max Rate Determines the maximum feedrate of each indafi@xis. The feedrate on each axis can never dxcee
Max Rate, even if the feedrate override knob orfriwat panel is turned up above 100%. (See alsd/fhehine
Parameters section for the "Multi-Axis Max Feedtragt@rameter that limits the feedrate along movearsg not just
each individual axis.)

* NOTE: The maximum rate may be set to a smalléwevé you wish to run your machine at a sloweerat

Deadstart: Determines the speed an axis will deceleratetorb stopping or reversing direction. A low gegtivill
cause a large slowdown before a reverse in direatimusing your machine to be more accurate. A ségting will
cause less slowdown before reversals, but thisgaage your machine to "bang" which may cause aedserin
accuracy. This parameter should not be changed.

Delta Vmax: The maximum instantaneous velocity change thihbb@icommanded on a vector transition. This
parameter should not be changed.

Travel (-): The maximum distance the axis can travel in theusidirection from the home position. Set this
parameter to create a software limit that stopsatie before the fixture or tool collides with thmit switches or hard
stops.

Travel (+): The maximum distance the axis can travel in ths girection from the home position. This paramiste
especially useful when using a part or fixture darthan the table. Set this parameter to creatétavare limit that
stops the axis before the fixture or part collidéth the machine or the limit switch/hard stop.

F2 - Motor Parameters
This screen contains information about the motmaiscrews, and switches installed on your macttee the figure
below.

WARNING The Motor Parameters should not be changed witbantiacting
your dealer. Corrupt or incorrect values couldseadamage to the
machine, personal injury, or both.

Special function indicator§ hese appear, if present, between the axis nuantzbthe label. ‘s’ — indicates the axis is
the spindle, ‘p$’ — axis is paired with axis ‘$; - pairing conflict. See Machine Parametersrfwre information on
setting up special functions.
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Label: The letter you want to use to identify the axi$e first three axes should normally be X, Y, andfza fourth
axis is installed, it is usually named W or B.ydiu change a label, for example from X to A, thatoadller will then
accept G-codes for axis A instead of X.

If fewer than four axes are present, the unuseatkesrghould be labeled N. If an axis is manuatigrated (it has an
encoder but no motor), it should be labeled M.

For a manual Z-axis, thé"axis label should be set to @ symbol. This setifmyvs for two axes posting in Intercon.
* WARNING: Intercon does NOT post two axis prograifithe 3° axis is labeled M.

* NOTE: Tool length compensation (G43-G44) and @hdrilling cycles (G73-G89) always affect the dhaxis,
regardless of its axis label. Tool diameter consption (G41-G42) always affects the first and sdaores,
regardless of their axis labels.

Motor revs/inch OR millimeters/motor revthe number of revolutions of the motor that resirtone inch of
movement (if the machine is set up in inches). t@Rnumber of millimeters that the machine will ra@s a result of
one turn of the motor (if the machine is set umitimeters).

Encoder counts/revThe counts per revolution of the encoders on geavomotors.

Lash compensationThe uniform amount of backlash compensation tagp@ied along the whole length of the axis.
Backlash can be observed during axis directionrssd® and is a normal occurrence due to loosemegear of
moving parts in a machine. This parameter addesdoworks in conjunction with Screw Compensati@e (selow).
Consult your machine manual or M-Series Service Mafor instructions on measuring backlash. ThehLa
Acceleration Coefficients, Parameters 208-215,lmansed to change the speed that Lash Compengatipplied. A
Coefficient of zero will effectively disable Lasto@pensation.

* NOTE: It is required that the machine t@homed after changing Lash Compensation.

Limits: The PLC input numbers corresponding to any limitches that you may have on your machine. Your
installer should provide this information. If rimnit switch is installed, this field should be $et0.

Home: The PLC input numbers of any Home Switches you have. These are similar to the limit switchéfsyour
machine does not have home switches, this fieldldHze set to the Limit Switch value. If no honrdimit switch is
installed, this field should be set to 0. You ntfagn use hard stops as homing points if you choose.

* NOTE: The Home Switch should never be physichilyated beyond the Limit Switch.

Direction reverseddJsed to match the +/- reference of your machirt@eéacontrol electronics. Toggle this value if
you actually move in the X minus direction (revenséaen you jog X+.

Screw Compensation*This value indicates whether mapping ballscremmensation is enabled. Screw
Compensation is similar to Lash Compensation (begg), but has differing compensations dependinthermapped
locations along the axis. Screw Compensationdeddo and works in conjunction with Lash CompensatFor
more information, contact your dealer. It is recoemded that you enable ballscrew error compensatiafi times.

* NOTE: It is recommended that a rehoming of thehnae be done after changing Screw Compensation.

F3 - Find Home Pres$=3-Find Hometo move an axis to its plus or minus home switch.

F4 - SetHome Pres$4-Set Hometo set Machine Home for an axis at its currenitfmys This is usually
performed after Find Home. This operation shouldb®oused to set the part zero position. To sepént
zero position, use the Part Setup screen.

F5—M Comp This menu lets you edit the ballscrew compensatotes.
NOTICE  The ballscrew compensation tab&wuld notbe changed without contacting your
dealer. Corrupt or incorrect values could advgraéfect the accuracy of the positioning
of your machine.
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F7 — Scales This menu lets you set up scale encoders foptngose of applying scale encoder correction ®@n
more axes.

NOTICE The Scale Settingshould notbe changed without contacting your dealer. Cdroup
incorrect values could adversely affect the acguodthe positioning of your machine.

Axis and_Labehre for informational purposes to indicate on whagis the scales will be applied. These valuesatan
be modified on this screen.

Inputis the scale encoder number based on the map strowarameters 308-315. Numbers 1-6 are on the NIPU1
and 7-14 are on Optic4 drives. If spare headeraagable on the Optic4, they can be used foresiedback.
EnabledY enables the scale and N disables the scale.

Scale Counts/Unit the number of counts of the scale per unit easurement. This value should come directly from
the scale data sheet and should be entered imttiokunits. If the control is in inches, then tradue should be
entered in inches.

Ratiois calculated as [(Motor Encoder Counts per ReMotor Rev. per Unit) / Scale Counts per Unit] axashnot be
modified. It shows how close the counts/unit arsvieen the motor encoder and scale encoder.

Deadbands the number of encoder counts away from the canated position that the scale position can be befor
compensating. Typically an integer multiple frorto13 times the Ratio should be used.

Velocity is the number of motor encoder counts / interatpthich the Scales should adjust the positioniGally a
value of 0.5 is a good starting value. To figuré @walue to use based on a units/min. speed yed toeconvert it.
The equation is [units/min. * Motor Encoder Coup#s Rev. * Rev. per unit * (1min/60 sec.) * (1$4000 int)].

Due to the nature of scale feedback it is inheyeantl oscillator and by adjusting the Deadband aeldaity that
oscillation can be kept to a minimum.

Scale IndicatoChanging the Input, Enabled, or Scale Counts/figlds will cause scale compensation to be
temporarily disabled. Scale compensation is tsworarily disabled during homing moves. Evernugiothe scale
is enabled in the menu, scale compensation witlis&gbled until the axis is rehomed. When a scaterdigured for
an axis, a scale indicator appears below the akisl lon the DRO. It will have a green backgroumemvthe scale is
enabled and a red background when the scale isléika
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Machine Parameters
(F3 - Parmsfrom Configuration)

This screen provides you with a method of changaripus parameters that are used by the contrgather, you
have access to 500 parameters spread across & tahtd table gives you access to 100 parametarsnae. You

can navigate between tables using the followingkey-Previous Tableand F8-Next Table The title at the top

tells you which table you are on. If you wish ttange a field in the table, use the arrow keysdwanhe cursor and
select the desired field. A short descriptionhaf parameter will appear below the table. Typenthe value and
pressENTER. When you are done editing the fields, pfe$8-Saveto accept any changes you have made and save
them. Note thaF10-Saveis a single operation that will save all changesvery table that you modified. Pressing
ESC will discard all changes in every table that weialified and will return to the previous menu [$8tu

NOTE: Many machine parameters can also be setthétlis10 G-code or by #variable assignment.
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Bit-mapped parameters

Certain control parameters are defined by bit-mdp@dues. In order to change these parameters ysti m
understand how bit mapping works. A bit-mapped peter is stored as a number, representing a 16-bit
value in the control. If a certain bit needs taulmmed on, that bit's binary value must be addeithéo
parameter value, if the bit needs turned off, iteky value must be subtracted from the parametierev
The values for each of the 16 bits’ can be se¢harnable below.

Bit-Mapped Parameter Bits

Bit 15

14 13 12 11 10 9 8

7

0

Value | 32768| 16384 | 8192 | 4096 | 2048| 1024 | 512 | 256| 128

64

32| 16| 8| 4| 2 1

To set bit-mapped parameters simply add togetleebithvalues that you need to have enabled.

Examples:
Parameter Bit number and settings
value 15| 1| 13| 12| 11| 104 9 8 7 6 5 4 3 2 | (
4
0 XX X | X | X | X | X | X | X | X | X |X |X |[X |X X
1 XX X | X | X | X [ X | X | X | X | X |X | X |X | X |ON
11=8+2+1| X | X | X | X | X | X | X | X | X | X | X | X |ON | X |ON |ON
24=1648| X| X| X | X | X | X | X | X | X | X | X |ON| ON| X | X X
The following parameters are currently defined:
Parameter | Definition Default setting
0 E-Stop PLC Bit 0
1 Y jog key orientation 0
2 G-Code Interpretation Control and Slaving Rotaig feedrate 0
3 Modal Tool and Height Offset Control 0
4 Remote File Loading Flag & Advanced File Ops 0
5 Suppress Machine Home Setup 0
6 Auto Tool Changer Installed 0
7 Display Colors 0
8 Available Coolant System(s) 2
9 Display Language 0
10 Macro M-Function Control/Probe Stop Handling 0
11 Touch Probe PLC Input 15
12 Touch Probe Tool Number 0
13 Probing Recovery Distance 0.05”/1.27 mm
14 Fast Probing Rate 10 ipm or 254 mm/min
15 Slow Probing Rate 1 ipm or 25.4 mm/mir
16 Probing Search Distance 107/ 254 mm
17 Tool Detector Reference Number 0
18 PLC Input Spindle Inhibitor 0
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Parameter | Definition Default setting

19 MPG modes 0

20 Ambient Temperature 72°F | 22°C
21-24 | Motor Heating Coefficients for axes 1,2,3,4 efd® to text
25-28 | Motor Cooling Coefficients for axes 1,2,3,4 ef@ to text

29 Warning Temperature 150°F / 65.5°C

30 Limit Temperature 180°F / 82°C

31 Legacy SPIN232 Com Port 0

33 Spindle Motor Gear Ratio 1

34 Spindle Encoder Counts/Rev 8,000

35 Spindle Encoder Axis Number 0

36 Rigid Tapping Enable/Disable 0

37 Spindle Deceleration Time 10

38 Multi-Axis Max Feedrate 0

39 Feedrate Override Knob Limit 120

40 Basic Jog Increment 0.0001”/.001 mm

41 Rotary Axis Jog Increment .01°

42 Password for Configuration Menus 0

43 Automatic tool measurement options 0

44 TT1 PLC input # 0

48 Grid Digitize Patch Playback Z rapid clearanceant A
49-51 | Small Arc Feedrate Limiting 0

56 Feedrate Override Display Properties 0

57 Use Generic Load Meter Data from PLC 0

61 High Power Stall Timeout 0.5

62 High Power Stall PID Limit 115

63 High Power Idle PID Multiplier 1.5

64 4"15" Axis Pairing 0
65-67 | Spindle Gear Ratios 1.0

68 Minimum Rigid Tapping Spindle Speed 0

69 Duration For Minimum Spindle Speed 1.0

70 Offset Library Inc/Decrement Amount .001" /

71 Part Setup Detector Height 0

72 Data Recording M-Function Options 0

73 Peck Drill Retract Amount 0.05

74 M-Function executed at bottom of tapping cycle 4

75 Axis Summing Control 0

76 Manual Input Unrestricted Distance 0

77 Manual Input Movement Tolerance 0

78 Spindle Speed Display and Operations 0

80 Voltage Brake Applied Message Frequency 0

81 Air Drill M-Function (executed instead of Z mawent in drilling -1

82 Spindle Drift Adjustment 0

83 Deep Hole Clearance Amount 0.05

84 M-Function executed at return to initial poiftapping cycle 3

85 “Door Open” Interlock PLC bit 0

86 Rapid/Linear vector rate limit 0
87-90 | Autotune Ka Performance parameters for ayz8,4 0
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Parameter | Definition Default setting
91-94 | Axis Properties for axes 1,2,3,4 0
95-98 | Autotune / Auto Delay Move Distance for ate?,3,4 2" /50.8 mm
99 Cutter Compensation Look-ahead 6
100 Intercon comment generation 0
101 Intercon clearance amount 0.1
102 Intercon spindle coolant delay 3.0
103 Intercon corner federate override 50.0
104 Intercon modal line parameters 0
105 Intercon modal arc parameters 0
106 Intercon modal drilling cycle parameters 0
115 Intercon Help 0
116 A-Axis Y Coordinate 0
117 A-Axis Z Coordinate 0
118 B-Axis X Coordinate 0
119 B-Axis Z Coordinate 0
120 Probe stuck clearance amount 0.10"/ 2.54 mm
121 Grid digitize prediction minimum Z pullback 02/ .0508 mm
122 Grid digitizing deadband move distance 0.000R20508 mm
123 Radial digitizing clearance move 0
130 Z axis on/off selection 0
131 4" axis on/off selection 0
132-135 | Motor Heating Coefficients for axes 5,6,7,8 Refer to text
137 Load Meter Filter Size 0
138 DRO Encoder Deadband 0
139 Special Dwell between Moves 0
140 Message log priority level 1
141 Maximum message log lines 100
142 Message log trim amount 100
143 DRO properties (load meters, 4/5 digits, DTG) 0
144 Comparison rounding 0
145 Advanced macro properties (fast branching) 0
146 Feed hold threshold for feed rate override 0
147 Number of Messages in Operator Message Window 0 1
148 Miscellaneous Jogging Options 0
149 Spindle Speed Threshold 1.0
150 Backplot Graphics display options 0
151 Repeatability tolerance for probing 0
155 DSP Probe Installed 0
156-159 | Autotune / Auto Delay Move Distance for &1%¢6,7,8 2" /50.8 mm
160 Enhanced ATC 0
161 ATC Maximum Tool Bins 0
162 Intercon M6 Initial M-Code 0
164 ATC Feature Bit 0
165 Acceleration/Deceleration Options 0
166-169 | Axis Properties for axes 5,6,7,8 0
170-177 | PLC parameters 0
178 PLC 1/0 configuration (PLC program specific) 0
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Parameter | Definition Default setting
179 Lube Pump Operation 0
186 Probe Stuck retry disable 0
187 Hard Stop Homing Power Limit 0
188-199 | Aux key functions 0
200-207 | OPTIC4 Tach Volts Per RPM 0
208-215 | MPU Lash/Screw Comp Acceleration Coeffitien 0.125
216 PC Based Lash Compensation on/off 0
217 PC Based Screw Compensation on/off 0
220-231 | Smoothing Parameters Refer to text
236-239 | Motor Cooling Coefficients for axes 5,6,7,8 0
252-255 | Autotune Ka Performance parameters for 8)&%,8 0
256 Drive Mode 0
257 TT1 connection detection PLC input 0
258 Velocity/Torque Mode override in Precision mode 0
259 Manual Axis Designation 0
260 Accelerated Graphics Backplot on/off 1
270 Skew Correction: X Skew offset from Trusted#hded X 0
271 Skew Correction: Trusted/Intended Y 0
278 Spindle Speed Display Precision 0
284-291 | Brake Resistor Wattage for ACDC Drives 1-8 50
300-307 | Drive assignment to Axes 1-8 Refer to text
308-315 | Encoder assignment to Axes 1-8 Refer to tex
323 MPU11 Encoder Speed Filter 0
324-331 | Axis Boxcar size 0
332-335 | Encoder error suppression 0
336-339 | Motor torque estimation for velocity modees Refer to text
340-347 | Precision Mode delay (in milliseconds)dges 1-8 0
348,351,354MPG 1,2,3 Encoder Input 15,0,0
349,352,359MPG 1,2,3 Detents per Revolution 100
350,353,356VIPG 1,2,3 Encoder Counts per Revolution 400
357-364 | Axis Drive Max RPM 0
365 Drive power-on delay 0.0
366 Probe deceleration multiplier 2.0
367 TT1 deceleration multiplier 2.0
374 ACDC Drive Debug Log Axis Inclusion 0
375 ACDC Drive Debug Log Size 0
376 ACDC Drive Debug Log Collection Type 0
377 ACDC Drive Debug Log Trigger Type 0
378 ACDC Drive Debug Log Trigger Level 0
379 ACDC Drive Debug Log Option 0
392-394 | DP-7 parameters Refer to text
395 Probing setup traverse speed 30 ipm or 762 nmm
396 Probing setup plunge speed 30 ipm or 762 mm
398 Port/block mode 0
399 AD1 arc chord tolerance adjustment 5
900-999 | PLC program parameters --
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Parameter 0 — E-Stop PLC Bit
This parameter specifies the PLC bit to which thegsical Emergency Stop switch is connected. Itainty used for
ATC applications that use custom PLC messages.tabbebelow for examples.

PLC Type | ESTOP Inputon PLC Parameter Value
GPI104D Input 11 -11

ALLINONE | Input 11 -11

OAK Input 11 -11

RTK2/3/4 Input 11 -11

PLCIO2 Input 11 -11

DC3IO Input 11 -11

Servo3lO Input 1 1

Parameter 1 — Y jog key orientation

This parameter is a 3-bit field where bit 0 is nsed in the mill software. Bit 1 sets the directidimovement for the
Y+ and Y- jog keys and bit 2 will swap the X angog keys. This should always be set to 0 excaptdoy special
applications. Note: PLC program interaction isdexkfor these features.

Bit [Function Description Parameter Value
0 Not Used

1 Flip direction of Y jog keys? Yes=2, No=0

2 Exchange X axis and Y-axis jog keys? Yes=4, No=0

Parameter 2 - G-code Interpretation Control and Slaing Rotary axis feedrate
This parameter is a bit field that controls optidngerpretation of several G-codes. The followtable shows the
functions performed by the value entered in thispeeter:

Bit |Function Description Parameter Value
0 [|Arccenters |, J, K are absolute in G90 mode? XYes
No=0
1 |Allow Z being specified alone to be sufficientitigger execution ofa |Yes =2
canned tapping or drilling cycle to be executed? No=0
2 |Interpret dwell times associated with G4, G7423884, and G89 as |Yes=4
milliseconds rather than seconds? No =0
3 [Slaving rotary axis feedrate to non-rotary agesdrate Yes =8

Note that this feature has no effect for movememmands handled by(No = 0
Smoothing (when parameter 220=1).
4 | Selects the center for scale, mirror and rotByedefault the center will [Yes = 16
be 0,0,0. Add 16 to this parameter to make timecef scale, mirror arjNo =0
rotate the current position.
5 |Prevent rotary-only moves (rotary axis by itgglfa line of G-code) fromYes = 32
acquiring a remembered slaved rotary feedrate pusly set by a No=0
previous line of G-code containing a rotary and-natary together.
Note that this feature has no effect for movementrmands handled by
Smoothing (when parameter 220=1).

Parameter 3 - Modal Tool and Height Offset Control

Bit |Meaning Parameter Value

0 |Tool and Height Offset numbers, T and H, willrbset upon job |Reset upon job completion =1,
completion (and not remain modal and active betveles). Remain modal between jobs = (

1 |Reference tool position is set to Z home. Y&sNo =0

2 | Tool Height Offset Retention option. This optiorevents the Turn on Tool Height Offset

current tool height offset from being turned offewhthe user entefRetention option =4, No=0
the Tool Height Offset menu. Additionally, this agpt will cause
the H height offset to be set to match the tool peimvhen an Auto
Tool Change is performed (via F7 ATC) in the Offeittrary.
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Parameter 4 - Remote File Loading Flag & Advanced ife Ops
This parameter controls the action of the Loadrdebu when CNC job files are selected from drivéiels higher
than C. These drives (i.e. drives D, E, F, et@)mesumed to be network drives or extra hard grive

Value | Meaning

0 Job files are not copied or cached. They ardrm whichever drives they reside on.

1 Job files are copied to the C drive (c:\cncmlasjiwhen they are loaded. The local copy is used
when the job runs.

2 Turn on file caching. Job files are temporarigled on the C drive. The cached copy is used

while the job is running. The cached copy is deletden the next job is loaded or when
Parameter 4 changestoa O or 1.

Digitize files are cached as the machine is digiizWhen digitizing is complete, the resulting
file is copied to the digitize directory specifisdpathm.ini

4 Set the Advanced File load menu as default fadileg files

8 Use Windows-style File Open dialogue

File caching is useful for machines with both affileard and a hard drive. By caching job filegrfthe hard drive on
the flash card, the hard drive is not used whiéejti is running. As a result, the life of theddrive is extended and
the flash card does not fill up with job files.

Parameter 5 - Suppress Machine Home Setup
This parameter controls machine homing upon startupe control. The following table details thaétions
controlled by this parameter:

Bit [Function Description Parameter Value
0 Suppress the requirement to set machine homeebefo |Yes=1
running jobs? No=0
1 Display router bit map at homing screen Yes N@= 0
2 Disable stall detection when the CNC softwarst Starts. | Yes =4, No=0

Bit O suppresses the requirement to set machine t@fore running. If bit 0 of Parameter 5 is Ochiae home must
be set before jobs may be run. If bit 0 of Par@m®&tis 1, machine home is not requested or redyuingt Graphing
and running of jobs will not work until the Z-axishomed.

NOTE: Parameter 5 Bit 0 is separate from the "Maeltiome at Powerup" flag in the Control ConfiguatScreen.
Parameter 5 Bit O determinefether you must home the machine; the "Machine Home atdPap! flag determines
how you will home the machine, if you must do so.

Parameter 6 - Automatic Tool Changer Installed

This parameter tells the control whether an autamastl changer installed on your machine. Thesdfaffects the
action of M6 in your CNC programs. See M6 underuvidtions in Chapter 13. It also affects whetherAR€ key is
present in the Tool Offset Setup and whether te $a® last tool change number in the job files.

Value Meaning
0 Auto Tool Changer NOT Installed
1 Auto Tool Changer Installed

Parameter 7 - Display Colors
This parameter determines what combination of soldgll be used for display. If you have a colosmlay, set this
parameter to 0. If you have a monochrome dispapédcially a monochrome LCD panel) set this paramntetl.
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Parameter 8 - Available Coolant Systems
This parameter is used by Intercon to determinet whalant systems are available on the machinshdtld be set as

follows:

Value Meaning
1 Mist Coolant (M7) only
2 Both coolant systems
3 Flood Coolant (M8) only

Parameter 9 - Display Language
This parameter determines what language will be f@emenus, prompts and error messages.

Value Meaning
0 English
Spanish
French
Traditional Chinese
Simplified Chinese
German
Swedish
Finnish
Portuguese
Greek

OIO(N|O|OIA|W[IN|F-

Parameter 10 - Macro M function handling/Probe StopHandling
This parameter is a bit field that controls variagpects of M functions. The following table shdtes functions
performed by the value entered in this paramelée default value is 0.

Bit [Function Description Parameter Value

0 |Display M & G codes in M function macros? Yes,Nb=0

1 |Step through M function macros in Block Mode? ¥e3 No=0

2 |Decelerate to stop on M105 and M106. With deeetlseese moves take |Decel = 4, Immediate
longer and are slightly less accurate. With imragzstop these moves argStop = 0
faster and more accurate; however the lack of otetl deceleration can
cause excessive machine vibration.

3 |Move to Z home on M6? No=8,Yes=0

4 |(not used) Recommended value
This bit was previously used for controlling theéyof deceleration to stog= 0
on digitizing and probing moves. This functionalg now controlled by
parameters 366 and 367.
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Parameter 11 — DP4 PLC Input Number and Contact St
This parameter is used for the PLC input numberithased by the DP4 Touch Probe. Allowable rasgesingle
value, +/- 1 to 240 and 50001 to 51312. A Positivenber indicates Closed on contact and a negatimrdar
indicates Open on contact. A list of default seifior different console types are listed below.
NOTICE Changing this parameter can cause damage to yobe pYou should contact your
Dealer or Local Tech Representative before any fivadions are made.

Console Type/Model | Input Number | PLC Type/Model Input Number
M39 15 DC3IO 14

M39s 14 RTK3 14

M400 15 Servo3IO 2

M400s 14 PLCIO2 15

M15-10 2 15/15 15

M400 ATC (RTK3) | 14 RTK2 15

M400 ATC (PLCIO2)| 15 Koyo ATC 1

MPU11 50769

Parameter 12 — Touch Probe Tool Number
This parameter is the tool number of the DP4 prélflewable range is 0 through 200. By default tledue is 10. This
is used to look up the length offset and tip diamnet the probe in the Tool Offset Library.

Parameter 13 — Recovery Distance
This parameter is the distance that the probe moffessurface after initial contact (only duringpping cycles),
before returning to the surface to take a recordading.

For DSP Probes:This parameter is used for failed DSP windows. a@ailed window, the DSP probe will retract this
distance before retrying.

Parameter 14 — Fast Probing Rate

The fast probing rate is used for positioning maoaed initial surface detection, and is determingthie machines
response time and the permitted probe deflectiba.default is 10 in/min. This is a very consenafigedrate, in
actual use 20 to 30 in/min is a good value andmatlhave any detrimental impact on accuracy introases.

Parameter 15 — Slow Probing Rate

The slow probing rate is used for the final measigm® moves. The default setting is 1 in/min. THE&feng are some
typical accuracy tolerances with the correspondadge set in parameter 15:

Probing Rate Accuracy

0.5in/min | 12.7 mm/min 0.0001in .00254 mm
1 in/min 25.4 mm/min 0.0002 in .00508 mm
1.5in/min | 38.1 mm/min 0.0005in .0127 mm
3.5in/min | 88.9 mm/min 0.0010ip .0254 mm
18 in/min | 457.2 mm/min| 0.0050in .1270 mm

Parameter 16 — Maximum Probing Distance

This is the maximum distance that the Boss and jvebing cycles “search” for a surface in a giveredion if no
travel limits have been entered. The default sgirl0 inches. A larger value should be enterethi® boss and web
cycles if you are measuring very large featuregs€lsettings are conservative measurements armbagsed initially
for startup purposes. However, they can be chatgadcommodate your work.
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Parameter 17 — Detector Location Return Point

A non-zero value specifies the number of the refeeaeturn point (entered into the WCS menu) diyediove a
permanently mounted TT-1 tool detector. When theoAunction is called up in the tool offset libratiie control will
position the table to the return point specifiedtug parameter, and touch the tool off the TT-blTaetector.

Entry Return Point
None

G28

G30

G30P3
G30P4

AlWINFL|O

A zero indicates that the tool detector is no perendy mounted; automatic tool measurement wilpbgormed
without X/Y axis movement.

Parameter 18 - PLC Input Spindle Inhibit Parameter

This parameter stores the input for the SpindléihFeature. A negative value must be entered'mormally closed"
probe is to be used with the control. A positiadue must be entered if a "normally open" prolte ise used with the
control. The absolute value of Parameter 18 viitaly reflect the PLC input the Spindle Inhilstwired to. When
this parameter is set, Digitizing and Probing cgaldl not run unless a probe or touch-off blockanected. This
parameter is used to prevent the tool or probe frashing into the table. The default for thisgmaeter is 0, which
disables this feature.

PLC Type/Model Input Number
Allin1DC 50771

MPU11 50771
DC3IO/DC3IOB 15

RTK3 15
Servo3IO/M15DRV1| 5

PLCIO2 10

15/15 10

RTK2 10

Koyo ATC 2

Parameter 19 - MPG modes
The MPG is a hand-held device that is used astarmate way of jogging the machine. This paramggéines the
MPG’s mode of operation.

Bit |Function Description Parameter Value
2 |Enable Z axis MPG* -- This will allow the zYes =4, No =0

axis to be moved with the MPG while
running a job independent of the x and y axes

*PLC program interaction is needed for these feggturThe plc program is in direct control of MPGdes. Z-axis
MPG operation is not available with all controls.
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Parameters 20-30 (also 132-135, 236-239) - Motormperature Estimation

These parameters are used for motor temperatuneatish. Parameters 20, 29 and 30 correspond ctgply to the
ambient temperature of the shop, the overheatingingtemperature, and the job cancellation tentpegaall in
degrees Fahrenheit. Parameters 21-24 and 132-@3Beaheating coefficients. Parameters 25-28 a6e239 are the
cooling coefficients.

To disable Motor Temperature Estimation for an as&t its heating and cooling coefficients to @r &ample, to
disable Motor Temperature Estimation for axis 1 Pasrameter 21 to 0, and set Parameter 25 to O.

Note: Temperature estimation only applies to aigtoperating in Torque mode (i.e. DC brushed systend
Centroid AC systems). MPU11 systems running iro¢iy mode (i.e. third party drive systems) do ase this
feature, and thus should be disabled (by settingealting and cooling coefficients to 0).

Suggested values for AC Brushless Motors and Drives
SD SD3, SD1| SD3, SD1 SD3, SD1 SD1 45A SD1 45A
Drive 750 W | 1,2 KW | (finned heatsink) (finned heatsink) (finned heatsink)
motors motors 1,2 KW motors | 3 KW motors 4 KW motors
Parameters Axes Values Values Values Values Values
21-24 1-4 0.23 0.5 0.23 0.23 0.23
132-135 5-8 0.23 0.5 0.23 0.23 0.23
25-28 1-4 12.0 9.0 12.0 12.0 145
236-239 5-8 12.0 9.0 12.0 12.0 145
20 N/A 72 72 72 72 72
29 N/A 150 150 150 150 150
30 N/A 180 180 180 180 180
Suggested values for DC Brush Motors and Drives
Servo 9A Drive, | 12A Drive, | 15A Drive, | 15A Drive, | 25A Drive,
Drive 16 in/lb 29 in/lb 29in/lb 40 in/lb 40 in/lb
motors motors motors motors motors
Parameters Axes Values Values Valuels Values Values
21-24 1-4 0.028 0.02 0.027 0.03 0.04
132-135 5-8 0.028 0.02 0.027 0.03 0.04
25-28 1-4 0.68 0.68 0.68 0.68 0.68
236-239 5-8 0.68 0.68 0.68 0.68 0.68
20 N/A 72 72 72 72 72
29 N/A 150 150 150 150 150
30 N/A 180 180 180 180 180

Parameter 31 - Legacy SPIN232 Com Port

For values 1-255, CNC11 will attempt to open th@\Cport and send out spindle commands. CNC11 shwoaild
restarted after changing this value from O (disdle a valid value. Note that the baud rate isim&sl to be 19200 to
work specifically with a SPIN232.

Parameter 33 - Spindle Motor Gear Ratio
NOTICE  The default value for this parameter is 1 and sthook be changed unless you have
consulted your dealer or local Technical represami!

Parameter 33 is used for the gear or belt rativdxen the spindle motor and the chuck in high gaage. It should be
greater than 1.0 if the motor turns faster tharctieck and less than 1.0 if the chuck turns fabtmn the motor. Note:
this value applies to high range. The ratio betwidigh range and lower ranges is established bgehe ratio
parameters (65-67).
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Parameter 34 - Spindle Encoder Counts/Rev

This parameter controls the counts/revolution ffier $pindle encoder. Input from the spindle encderquired for
the spindle-slaved movements used in the Rigid ihgppycles. If the encoder counts up when runnilg 3), the
value of this parameter must be positive. If thecgler counts up when running CCW (M4), the valiughis
parameter must be negative.

Parameter 35 — Spindle Encoder Axis Number

Input from a spindle encoder is required for sprslaved movements such as those used in the Ragiging cycles.
If there is no spindle encoder connected, thenglirameter should be set to 0. This parameteifigsethe axis
number (1 through 8) to which the spindle encodessigned. Encoder assignments are specifiqgthbgmeters 308-
315. For example, if you decide to configure the%is as the spindle, and the spindle’s encodieid st MPU11
onboard input encoder, then Parameter 35 (thisypeter) should be set to 5, and Parameter 312 sheudt to 1.

Parameter 36 - Rigid Tapping Enable/Disable
This parameter is a bit field that enables or desmRigid Tapping and its options.

Bit |Function Description Parameter Value

0 |Enable Rigid Tapping? Yes=1,No=0

1 |Suppress sending "Wait for Index Pulse" during@®Yes =2, No=0
Tapping?

2 | Allow Spindle Override during Rigid Tapping? Yed, No=0

3 |Use Spindle Off system variable bit? Yes=8,No=0
(see note below) (see note below)

4 |What is the Spindle Encoder measuring? Spindle Encoder measures rotation
l.e. What is the physical mounting location of Sipéof spindle drive motor: value = 16
Encoder? Spindle Encoder measures rotation
(see note below) of spindle head: value =0

(see note below)

Note on Bit 3: This bit enables the spindle offteyn variable, for mpull systems. Most systenmswilneed to set
this bit. Mpull systems will not execute custom M&cro commands during a rigid tap. Instead tlftgvaoe
determines which bit, M3 or M4, to turn off to sty spindle. Alternatively, setting bit 3 willwse the software to
set the spindle off system variable bit, SV_PC_RIGIAP_SPINDLE_OFF. The plc program is then respgnagor
monitoring that bit and performing all actions ider to turn off the spindle.

Note on Bit 4: On machines where the Spindle Encisdeet up to measure the spindle drive mototimwigBit 4 =
on, value 16), multi-pass Rigid Tapping and repg&tigid Tapping down the same hole can only be doiee High
Spindle Range. (See Parameters 33 and 65-67 doripigon of Spindle Gear ranges/ratios.)

Parameter 37 - Spindle Deceleration Time (Rigid Taping Parameter)
This parameter is used in conjunction with param@&®ewvhen rigid tapping is enabled. This setsaim®unt of time
required for the spindle to decelerate before itcves direction during a rigid tapping operation.

Parameter 38 - Multi-Axis Max Feedrate

This parameter is used to limit the feedrate al@hgommanded move vectors. This parameter carsée to limit

the speed of multi-axis moves on machines thatmaag enough power to move a single axis rapidlystarve out
of power on 2 or 3 axis rapid moves. A zero is therameter will disable this feature. Note that thature has no
effect for movement commands handled by SmootHr20=1).
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Parameter 39 - Feedrate Override Percentage Limit

This parameter is used for limiting the upper ehthe Feedrate Override Knob percentage to a Vatme 100% to
200%. This parameter can be used to restrict ¢éleelfate Override Knob effect on machines with maxmnates
over 200 in/min. The Feedrate Override Knob peamgmis normally allowed to go to 200%. Howevernmachines
with high cutting speeds, if the knob is turned@200%, it creates overshoots on corners. Ifghiameter is set to
something like 110, it will stop the Feedrate OwdriKnob from exceeding 110% and thus causes tassbgots to
disappear. The PLC program must check this parartesetually enforce the limiting of Feedrate Qids.

Parameter 40 - Basic Jog Increment

This parameter holds the basic jog increment fardraxes (0.0001" or 0.002 mm by default). This valweks in
conjunction with the x1, x10, and x100 jog keysl&termine the amount to move a linaears during incremental
jogging.

Parameter 41 — Rotary Axis Jog Increment
This parameter holds the jog increment for rotags (0.01° by default). This value works in cmagtion with the x1,
x10, and x100 jog keys to determine the amountdeena rotaryaxis during incremental jogging.

Parameter 42 — Password for Configuration Menus
This parameter determines the password that threnusst enter in order to gain full access to thafigorration
menus.

Value Meaning

54.0 No password required for supervisor access;iser is not
prompted for a password

ABCD.ABCD Password is 4 digits represented by “ABCD

Example: for the password to be 1234, set to 123411
Any other number| Password is “137”

Parameter 43 — Automatic tool measurement options
This parameter is a bit field that is used to agunfé properties of the TT1.

Bit | Function Parameter Value
0 | The height of the tool detector (parameter 71)bwi subtracted from theYes =1; No =0
measured height of the tool.

1 | Which PLC input to use for the Tool Z referenceasurement. 0 = Use Parameter 11.
0 = Use Touch Probe input in Parameter 11. 2 = Use Parameter 44.
2 = Use TT1 input in Parameter 44,

2 | Remind the operator to plug in the TT1 beforendddatch Tool Yes=4;No=0
Measuring.

Parameter 44 — TT1 PLC input number
This parameter is the input number that the TTiied into on the PLC. If a shared PLC input isdifor the TT1
and the DP4 probe, then the value can be leftrat@eset to the same value as parameter #11.

NOTICE If you are using a different PLC input for the Tadd DP4 when setting the Z reference

in the tool library with the DP4, make sure you daise a ruby probe tip. The TT1 is
electrical continuity based and the ruby tip is @lectrically conductive!
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Parameter 48 — Grid Digitize Patch Playback Z rapidclearance amount

This is the additional Z clearance amount highanttihe Z surface level at which the original Grigifizing

operation was begun. The purpose of this valte s&t the recorded starting “rapid to” Z level@iGrid Digitize
playback patch. In other words, the Z startinopipof the first feedrate plunge move of the reeafrgatch is equal to
the Z coordinate of the start of the original @vigitizing operation plus the value of this paraeret

Parameters 49-51 — Small Arc Feedrate Limiting
These parameters are intended to control the fediimats of small-radius arc moves.

Parameter Function Description Input format
49 Lower arc radius/federate limiting parametenrrr.ffff , where rrrr is a radius threshold setting, and
ffff is a federate adjustment setting
50 Upper arc radius/federate limiting parameteRRRR.FFFF, where RRRR is a radius threshold
setting, and .FFFF is a federate adjustment setting
51 Arc Feedrate Limiting mode 2 digit positive nuenb
1's digit (right digit) = Lower Limiting mode
10's digit (left digit) = Upper Limiting mode

The 2 digits in Parameter 51 can have the followialges and associated meaning:

0 - Turn off Arc feedrate limiting for the assaed radii range (default value)

1 - Literal Mode Feedrate limit = FFFF (.FFFEGOOO) for the associated radii range.

2 - Fractional Mode Feedrate limit = .FFFF x Pesgmed feedrate for the associated radii range

3 - Proportional Mode Feedrate limit = Arc radius=FFF x Programmed feerate for the associatddreand)e

The Lower Arc Limiting mode’s radii range includasy arc radius from 0 up to and including the sgtting of
Parameter 49. So, if you program a G2 or G3 atlc avradius of rrrr (of Parameter 49) or less, twedLower
Limiting mode in Parameter 51 is turned on, thenalt’s federate will be limited according to hdff fof Parameter
49) is interpreted. If the Control is set up inlivlieter mode, then rrrr specifies the number dfiméeters. However,
if the Control is set up in Inch mode, then rrrrame the number of inches divided by 100.

The Upper Arc Limiting mode’s radii range includasy arc radius larger than the rrrr setting of Peater 49 up to
and including the RRRR setting of Parameter 50. ifSou program a G2 or G3 arc with a radius ofFER(of
Parameter 50) or less, but greater than rrrr (cdiRater 49), and the Upper Limiting mode in Param®l is turned
on, then the arc’s federate will be limited accogdio how FFFF (of Parameter 50) is interpretethdf Control is set
up in Millimeter mode, then rrrr specifies the nienbf millimeters. However, if the Control is sgtim Inch mode,
then rrrr means the number of inches divided by 100

Note that if Parameter 51 contains values othem 80, 01, 02, 03, 10, 11, 12, 13, 20, 21, 2230331, 32, 33, it
will be treated as invalid and will cause the Smait Feedrate Limiting feature to be disabled.

Also note that this feature has no effect for aovement handled by Smoothing (P220=1).

Examples (in millimeters):
Parameter 49 = 5.0050 (rrrr = 5 mm, ffff = 0050)
Parameter 50 = 75.1500 (RRRR = 75 mm, FFFF = 1500)

If Parameter 51 = 31 and you program a G2 arc avitddius of 4 mm at a feedrate of 27000 mm/mim the actual
feedrate of the arc will be lowered down to 50 mim/m

If Parameter 51 = 23 and you program a G3 arc avitddius of 40 mm at a feedrate of 700 mm/mim the actual
feedrate of the arc will be lowered down to 105 mim/(=700 x .1500).

If Parameter 51 = 33 and you program a G3 arc avitidius of 72 mm at a feedrate of 1200 mm/mien the actual
feedrate of the arc will remain at 1200 mm/min anitinot be modified because it is well within tReedrate limit of
12960 mm/min (Arc radius x .FFFF x Programmed feera 72 x .1500 x 1200 = 12960).
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If Parameter 51 = 11 and you program a G2 arc avitidius of 100 mm at a feedrate of 2500 mm/rhiex) the actual
feedrate of the arc will remain unmodified at 2%5@®/min because the arc radius is outside both sasgecified by
Parameters 49 and 50, and therefore this featwe mat affect such arcs.

Examples (in inches):
Parameter 49 = 50.0050 (rrrr = % inch, ffff = 0P10
Parameter 50 = 200.1500 (RRRR = 2 inches, FFFFR)8)15

If Parameter 51 = 31 and you program a G2 arc avithdius of ¥ inch at a feedrate of 100 inches/then the actual
feedrate of the arc will be lowered down to 10 Egper minute.

If Parameter 51 = 23 and you program a G3 arc avitidius of 1.5 inches at a feedrate of 200 irfaiasthen the
actual feedrate of the arc will be lowered dow®@dnches/min (=200 x .1500).

If Parameter 51 = 33 and you program a G3 arc avitidius of 1.75 inches at a feedrate of 300 siche, then the
actual feedrate of the arc will be lowered dowi@8o75 inches/min (= Arc radius x .FFFF x Programiiesgtate =
1.75 x .1500 x 300).

If Parameter 51 = 11 and you program a G2 arc avithdius of 3 inches at a feedrate of 250 incheshmen the
actual feedrate of the arc will remain unmodifie@%B0 inches/min because the arc radius is oulsitteranges
specified by Parameters 49 and 50, and therefdetaiture does not affect such arcs.

Parameter 56 — Feedrate Override Display PropertieSInverse Time interpretation
Bits 1 and 2 define how the federate override spldiyed in the status window. Bit 3 selects thammegy of inverse
time feedrates (F) when inverse time mode (G9agisve. Bit 0 is unused.
Bit | Function Parameter Value

0 | Not used
1 | Display programmed rate not actual 2 =Yes; 0o=N

2 | Display a bar meter of percentage 4 =Yes; 0=No

3 | Inverse time meaning of F 8 = F is in inversengds, 0 = F is in inverse minutes

Parameters 57 — Use Generic Load Meter Data from RT

If load meters are enabled (via parameter 143ji#t@ being displayed for each axis is normallydated from its

PID output (either real or simulated). Howevegrnfy axis has its corresponding bit set in thispeater, then the data
going into the load meter will come from the PLGtgyn variables SV_METER_1 - SV_METER_8 (correspogdo
axes 1-8). Furthermore, if an axis is a spindie éas set by parameter 35) the load meter datdoavillisplayed on the
spindle override meter in the Status Window.

Cooperation from the PLC program is required fig fhature to work. The PLC program needs to $=k a value
between 0.0 and 100.0 via floating point systeneawdes SV_METER_1 - SV_METER_8 (corresponding tesak-
8). Note that there is future support for SV_METBRIp to SV_METER_16, but for now there is suppartup to
only 8 axes.

Parameters 61-62 - Stall Detection Parameters

The M-Series control will detect and report sevstall conditions. The low power stall occurshiétcontrol has been
applying a specified minimum current for a spedfiene, and no encoder motion has been detecthi nfay
indicate a loose or severed encoder cable. Amigber stall occurs if the control has been applghbpast 90%
current for a specified time, and no motion gretttan 0.0005" has been detected. This may indecateysical
obstruction. Note that this feature will only wasith torque mode drives and not velocity mode dsive

Parameter 61 is the time limit, in seconds, foigh Ipower stall. The default is 0.5 seconds.
Parameter 62 is the PID output threshold for a pigler stall. The default is 115.
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Parameter 63 - High Power Idle PID Multiplier

This parameter holds the value of a constant useshdtor high power idle detection when an axisdsmoving and
no job is running, but there is power going inte thotor to maintain its position. The default waisi 1.5. This is
intended for early detection of an axis if it'sigb@d against some abnormal resistance or not woreekctly, such that
it will probably overheat later.

Parameter 64 — Fourth/Fifth Axis Pairing

This feature enables th&dnd %" axes to be paired together or individually beirua slaved state with any of the
other axes. This is intended to drive 2 screwspposite sides of a table (probably a router tablgamtry system).
Set this parameter to 0 (default) to indicate timabther axis is paired with th& ér 5" axis. In order to pair both the
4™ and %' axes on the same system add thexds value with the'Saxis value. Example™axis paired with the X-
axis and % axis paired with the Z-axis a value of 49 woulden¢ered into parameter 64. The axes are slavanl up
power up but it is still possible to move the pditd" or 5" axis independently if the axis is labeled.

* NOTE: You cannot run Autotune on paired axes.

Value | Meaning

0 No Pairing (Default)

1 Pair &' axis with £' Axis
2 Pair 4" axis with 29 Axis
3 Pair 4" axis with & Axis
16 |Pair 8 axis with ' Axis
32 | Pair § axis with 29 Axis
48 | Pair 8 axis with 3 Axis
64 | Pair 8 axis with 4" Axis

Parameters 65-67 - Spindle Gear Ratios

These parameters tell the control the gear ratioa multi-range spindle drive. Up to four speadges are supported,;
high range is the default. Parameters 65-67 spduif gear ratio for each lower range, relativhigh range. For
example, if the machine is a mill with a dual rasgendle, and the spindle in low range turns 1HEdpeed it turns in
high range, then parameter 65 should be set toNote that these values can be signed +/-. Swyitthing from

high range to a lower range causes the spindledend¢o count in the opposite direction, then a tiegaalue can be
used to compensate for this behavior.

Parameter 65 is the low range gear ratio.
Parameter 66 is the medium-low range gear ratio.
Parameter 67 is the medium-high range gear ratio.

These parameters work in conjunction with the Pk&ypmm, which uses the states of INP63 and INP&igimal to
the CNC software which range is in effect, accaydimthe table below.

Spindle Range

PLC INPUT | High Range| Medium High Range  Medium Low Range Lamfe
INP63 0 1 1 0

INP64 0 0 1 1

Parameter 68 — Minimum Spindle Speed (Rigid Tappind®arameter)

This parameter holds the value that the spindisidown to from the programmed spindle speed tosvire end of
the tapping cycle. The lower the value, the mocgately the Z-axis will land on target, but at thepense of
possibly stalling the spindle motor which in turillwause Z-axis to fall short. If this value isottarge, the off target
error will increase. The suggested starting vasugdio RPM.
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Parameter 69 — Duration for Minimum Spindle Speed Mde (Rigid Tapping Parameter)

This is the duration of time, in seconds, thatdbetrol will stay at minimum spindle speed. If thember is too small,
overshoot will occur. If the number is too lardee user waits longer for the hole to be tappetieaslow speed
specified by parameter 68. The suggested startihgevs 1.25 seconds.

Parameter 70 - Offset Library Inc/Decrement Amount
Sets the increment and decrement amount used offdet library.

Parameter 71 — Part Setup Detector Height

If this Parameter is set to a non-zero value didates that thE3 - Auto feature in part setup should be available
using the tool detector (TT1) instead of the probhe value in this parameter is the height ofdéctor. A value of
0 disables this feature.

When this feature is enabled:

a) Probe detection (Parameter 18) is not checked

b) The tool number and/or edge finder diameterredtby the operator are used; Parameter 12 isegnor

¢) The value from Parameter 71 is added to (oraatetd from, depending on approach direction) e gosition.

Parameter 72 — Data M Function Options
The setting of this parameter affects the operaifdhe data M functions M122, M123, and M124.

Bit | Function Description Parameter Value
0 | Suppress output of axis labels by M122/M124? ¥ésNo=0
1 Insert commas between positions/values with MU224? Yes=2,No=0
2 | Suppress spaces between positions/values owtgytt1122/M123/M124? Yes=4,No=0

Parameter 73 — Peck Drill Retract Amount (Canned Cgle Parameter)
This specifies the retract amount used during a &8¢k drilling cycle.

Parameter 74 — M-function executed at bottom of taping cycle (Canned Cycle Parameter)

This specifies the number of the M-function thagxecuted at the bottom of the G84 tapping cyadiengrily used for
reversing the spindle in preparation for pulling otithe tap hole). This also specifies the nundfghe M-function
that is executed after the G74 countertapping agatione (returned to the initial point).

Parameter 75 — Summing Control

This parameter controls the type of position tesbemed (local or machine), and which axes are sub@ned
together and which axis will bear the effects @f the summing. The parameter can contain up todigits. The
sign of the parameter value and the position ahgeval each digit has special significance as iaidid in the tables
below:

Sign Position Parameter Digit | Summed Digit Value | Meaning
Type Position AXis
+ Sum 1's Column Axis 1 0 Summing off
Machine 10's Column AXis 2 1 through4  Axis to Sum with
Coordinates 100's Column Axis 3 5 (Reserved)
- Sum Local 1,000's Column Axis 4 6 Disable display
Coordinates 7 Display if moved
8 Display if other moves
9 (Reserved)
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The “Summed Axis is the axis that bears the position sum of itsdth the “Axis to Sum with”. The DRO display

of the “Summed Axis will show this summed position. The DRO will dlay both labels when displaying a summed
axis. Furthermore, G-codes that command movenrethi®‘Summed Axis will have their positions offset by the
position of the Axis to Sum with”.

NOTICE It is highly recommended that summing be done wibal Coordinates (using the ‘-’
sign in the parameter value). Summing with Macl@oerdinates can cause the effective
software travel limits to move, thus resulting imypical overtravel or severely
handicapping the amount of available travel, duih¢ofact that software travel limits are
defined in terms of Machine Coordinates. Summiity Wocal Coordinates avoids this
problem.

Here are some examples:

Desired Display Parameter
Axis 3 DRO will display the result of axis 3 andn&chine coordinatepositions 400
summed together.

Axis 4 DRO will display the result of axis 4 ando@al coordinate positions -3000
summed together. Machine coordinate positionmaraffected.

Axis 3 DRO will display the result of axis 3 andotal coordinate positions 6400
summed together. Axis 4 DRO display will be digabl

Axis 4 DRO will display the result of axis 4 andogal coordinate positions -3600
summed together. Axis 3 DRO display will be disabl

Axis 3 DRO will display the result of axis 3 andotal coordinate positions -7400
summed together. Axis 4 will be displayed onlit hoves.

Parameter 76 — Manual Input Unrestricted Distance

This parameter is intended to be used with Z-axmrsing. It defines the maximum distance from thesed axis
start of travel in which manual movements can oedgthiout causing a fault. Use a negative valugpecify a
distance from the minus travel limit, a positivéueafor a distance from the plus travel limit.

When used with manual drilling, for example, settihis parameter will allow the operator to kedmad on the quill
at all times and even begin pulling on the quilaiticipation of a programmed stop.

Setting this value to zero will cause a fault g is any manual movement.

To completely disable manual movement restrictisesthis parameter to a value exceeding the tiatat| of the
summed axis.

Minimum = -99999.9999, maximum = 9999.9999, defaul, typical = +/- 1.0 inch or +/- 20.0 mm

Parameter 77 — Manual Input Movement Tolerance

This parameter specifies the manual movement taderavhile a job is running. It is intended for wgéh a quill
locking mechanism. It allows the lock to distantéor slip a small amount when under stress. dfghill moves more
than the given tolerance, the job will stop witfaalt. A typical setting for Parameter 77 is 0.00&hes.

Parameter 78 — Spindle Speed Display and Operations

Bit O (value = 1) specifies how the spindle speeddatermined and displayed in the CNC softwareistatndow.
When turned on (value = 1), the spindle speedtsragned by reading the encoder feedback from xieespecified
according to parameter 35. Which has the numbenodder counts/revolution specified in parameter\®&hen
turned off (value = 0), the displayed speed ismeéasured; the speed is calculated based upondgeprmed speed,
spindle override adjustment, and gear range.

Bit 1 (value = 2) allows the control to prorate gfregrammed feedrate to be proportional to theddpispeed if the
spindle speed ever slows down below the spindledgspeeshold percent as set by parameter 149.

M-Series Operator’'s Manual 4/9/15 14-25



Bit 2 (value = 4) will turn on the “Spindle up-tpeed” function. The active modal spindle speedtltSeapoint where
the most recent M3 or M4 is invoked sets the tasgéetdle speed for this function. This functiomngoked on the
first feed-per-minute move (such as G1/G2/G3) feilg the aforementioned M3 or M4. If the actualamered
spindle speed at this moment is below the spinoied threshold percent (parameter 149) of targetligpspeed, this
function will pause the job at this point until theindle speed gets up to at least this spindlecsgeeshold percent
level.

Bit Function Value

0 Display actual spindle speed Yes=1,No=0

1 Slave feedrate to spindle speed Yes =2, No =|0

2 Wait for spindle to get up to speed on feed-per- | Yes=4,No=0
minute moves

Parameter 80 — Voltage Brake Message Frequency
This parameter specifies the number of times ti® “oltage brake applied” message has to occurdeie show it
in the message window and message log. A val@eoofl will display the message for every instathes it occurs.

Parameter 81 — Air Drill M-function (Canned Cycle Parameter)
P81 (when not equal to —1.0) specifies the M-fuorctd be called in place of Z-axis movement duan@81 drilling
cycle.

Parameter 82 — Spindle Drift Adjustment (Rigid Tapgng Parameter)
This value is the number of degrees that the spiwil take to coast to a stop, when the spindlatised off at the
minimum spindle speed specified by parameter 68.

Parameter 83 — Deep Hole clearance amount (Canned/€le Parameter)
Parameter 83 specifies the clearance amount used)d@uG83 deep hole drilling cycle.

Parameter 84 — M function executed at return to irtial point of tapping cycle (Canned Cycle Parameter

This specifies the number of the M-function thagxecuted after the G84 tapping cycle is done ffnetlito the initial
point). This also specifies the number of the Mefiion that is executed at the bottom of the G74tetiapping cycle
(to reverse the spindle in preparation for pulling of the countertap hole).

Parameter 85 — “Door Open” Interlock PLC bit

This parameter provides a way for a system integtatimplement a safety interlock that limits rafenovement
when the doors are open. This parameter spedieeBLEC bit number and PLC bit polarity that indésathe "door
open” condition. If the specified PLC bit is iretepecified “door open” condition, then all normavement
commands (GO, G1, G2, G3) will be limited to thewsjog rate (as specified in the Jog Parametersurirelachine
Configuration). Polarity of the “door open” condrti is specified thuswise: a positive number in&isdahat the “door
open” condition occurs when the specified PLC $i®n, and a negative number indicates that ther“dpen”
condition occurs when the specified PLC bit is Qffthis parameter is set to 0 (the default valtiedn this feature is
disabled, and no checking for a “door open” condiis done. Note that this feature has no efi@cirfovement
commands handled by Smoothing (P220=1). Also fateRLC program interaction is needed for thisuesato work.

Parameter 86 — Rapid/Linear vector rate limit

This parameter controls the feature that impodesiton the number of rapid and/or linear moves ge&cond to the
value specified in this parameter. If the valuéhed parameter is more than 0, Rapid and/or Linsares will be
combined to prevent the aforementioned limit froemly exceeded. This parameter is used for teptingoses and
should be set to 0 to disable this feature. Nude this feature has no effect for movement comméwachdled by
Smoothing (P220=1).
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Parameters 87-90 (and also 252-255) - Autotune KaeRormance parameters

These parameters are used by autotune. Incregnglue will increase the Ka used by autotuneclviathen used
will increase the PID used during acceleratione @afault value is 0. The maximum value is 50 dednhinimum
value is 0. Values for axes 1-4 are specifieddrameters 87-90. Values for axes 5-8 are spedifipdrameters 252-
255.

Parameters 91-94 (and also 166-169) — Axis Propersi
These parameters may be used to set various @psenes. Properties for axes 1-4 are specifigghnameters 91-94.
Properties for axes 5-8 are specified in param@iggs169.

Bit [Function Description Parameter Value

0 |Rotary/Linear Axis Selection Rotary Axis = 1, ear Axis =0

1 |Rotary Display Mode Wrap Around = 2, Show Rotasie 0
2 |Suppress direction check when doing Tool Check? on'Check =4, Check =0

3 | Suppress park function? Don't Park =8, Park =0

4 |NOT USED ON MILL Recommended bit value is 0

5 |Linear Display of Rotary Axis Linear Display =,32efault Rotary = 0
6 |4" Axis works like Z axis Yes =64,No=0

7 |NOT USED ON MILL Recommended bit value is O

8 | Axis is triangular rotary? Yes =256, No=0

9 |[Hide axis display from DRO Yes =512, No=0

10 | Triangular rotary axis type Articulated Head(G24, Tilt Table =0
11 | Rotation Center is parallel to X? Yes = 2048,5\o

12 |NOT USED Recommended bit value is O

13 |NOT USED Recommended bit value is O

14 | Enable TWCS for Articulated Head machines Yd$384, No =0

Bit 0: Turning this bit on will cause the DRO display the affected axis to be displayed in degredso this
information is used by Intercon to make rotary axipport available (by setting parameter 94 tadicating that the
fourth axis is rotary). This bit is also used whpenforming inch/mm conversions: values for a nptaxis will not be
converted since they are assumed to be in degegasdiess of the system of linear units.

Bit 1: This bit has no effect unless Bit O (mentionbd\we) is turned on. When this bit is turned o\\Vaap Around”
display is shown on the DRO. A “Wrap Around” Ret&isplay is a display in degrees without the nuride
rotations shown. If this bit is turned off, thennloer of rotations away from 0 degrees will be shadamgside the
degree display.

Bit 2: This bit will only affect the Z-axis. It contiowhether or not a direction check will be perfedrwhen the
Tool Check button is pressed. If this bit is tutoe, direction checking is turned off, and thieré is a possibility
for the Z-axis to move downward unexpectedly, depemon the Z value of Return Point #1 (G28). Hhere, it is
best in most cases to leave this bit turned offllmw direction checking to be turned on (value)=0

Bit 3: Setting this bit prevents <F1> (Park) in the Sbutd menu from parking this axis.

Bit 5: This setting overrides only the DRO display opsidor an axis that has bit O set (including théaRoDisplay
Mode — bit 1) so that the display does not refeedegree symbol or any indication of the numbeotdtions, but
appears as a linear axis.

Bit 6: This bit only works for Parameter 94"(axis). Setting this bit will cause th& &xis to respond to Z-axis only
commands just like the Z-axis, for example issundvi25 with this bit set will cause the Z artiakes to go the
home (G28) position.

Bit 8: This setting is used in conjunction with bit 1I0only works for parameter 166 {%xis). Setting this bit on will
identify this axis as a Triagular Rotary, which neather be an Articulated Head axis, or a Tilt Eadkis.

Bit 9: This setting will hide the affected axis from RO display. Note that this does not prevent suchxis from
being commanded to move.
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Bit 10: In order for this setting to work, bit 8 must berted on. This setting has meaning only for patan66 ('
axis). Setting this bit on will identify this axa&s the controller of the angle of articulation onAaticulated Head
machine. If this bit is not set, then this axid e identified as the controller of the tilt argin a Tilt Table machine.
Bit 11: In order for this setting to work, bit 0 must lerted on (i.e. axis is rotary). Also, this settondy affects axes
4 and higher. This setting indicates that thiamptxis is mounted in such a way so that its imtatenter line is
parallel to the X axis (axis 1). The rotation cefitge’s machine coordinate location is then deditoy parameters
116 and 117. This setting enables backplot tdaystary movements encircling the X axis and a@ises the
needed machine geometry information to G93.1 far firoperly calculate the tool tip feedrate in §hace in such a
configuration.

Bit 14: This bit (in conjunction with the CSR unlock) éies the TWCS (Transformed WCS) feature for Aratet!
Head machines. When this feature is enabled, iedolidual WCS can be independently set up as etth@sformed
or non-transformed using the TWCS=Yes/No settintheé"WCS configuration screen (See TWCS in Chapter
However, enabling this feature bit will always caasitomatic B/8 axis transformation on certain features regardless
of the TWCS=Yes/No setting for each WCS. Suchuiest are: Tool Check, M25, Digitizing, and the moeats
done in the Probing Cycles.

Parameters 95-98 (and also 156-159) - Autotune Mowstance / Auto Delay Calculation Move Distance
These parameters hold the maximum distance thaioimeol will move each axis in either directioorn the starting
point when either Autotune or Auto Delay Calculatie run. The default value for these paramete?2siisnches.
Values for axes 1-4 are specified in parameter3®5Values for axes 5-8 are specified in pararaetb6-159.

Parameter 99 — Cutter Compensation Look-ahead
This parameter sets the default number of lineoesaents for the G-code interpreter to scan aladah Cutter
Compensation (G41 or G42) is active. Values af 93 are allowed for this parameter and defadlt is

Parameters 100-106 and 115 - Intercon parameters

These parameters are some of the Intercon setamptars. See Chapter 10 for more information athase
parameters. Changing values will change Interettmgjs and may affect the output of the G-codganm if it is re-
posted.

Parameter 116 — A-Axis Y Coordinate
This parameter is used in conjunction with Dig t#0Cto export digitized data for use with CAD/CAMfsware (see
Chapter 8). It is used to define the Y coordindtthe center of rotation for a rotary axis thatates about the X-axis.

Parameter 117— A-Axis Z Coordinate
This parameter is used in conjunction with Dig t#0Cto export digitized data for use with CAD/CAMfsware (see
Chapter 8). It is used to define the Z coordindithe center of rotation for a rotary axis thatates about the X-axis.

Parameter 118 — B-Axis X Coordinate
This parameter is used in conjunction with Dig #BCto export digitized data for use with CAD/CAMfseare (see
Chapter 8). It is used to define the X coordindtthe center of rotation for a rotary axis thatates about the Y-axis.

Parameter 119 — B-Axis Z Coordinate
This parameter is used in conjunction with Dig #0Cto export digitized data for use with CAD/CAMfsware (see
Chapter 8). It is used to define the Z coordindtine center of rotation for a rotary axis thatates about the Y-axis.

Parameter 120 — Probe Stuck Clearance Amount

This parameter specifies the distance that digtjizir probing functions will move to try to cleastack probe
condition. A stuck probe condition exists when pihebe detects a point and then moves away bydrtit® input has
not changed. It is recommended that this paransétauld not be changed from its default value withamnsulting a
gualified technician.
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Parameter 121 — Grid digitize prediction minimum Z pullback

This parameter specifies the minimum distance tHaaiZ will move upward when pulling back from afsge. The
digitizing function attempts to predict the slogeagart surface because time is saved when thesZdaes not have
to travel upward to the starting Z depth for evdigitized point. When probe contact is made traivey in the XY
plane, this parameter specifies the minimum digtdhe Z-axis moves upward before attempting anofiYeplane
move. Smaller values are better when the surfacgluligitized has smooth curves. Larger valuesatter for
surfaces that have steep walls. It is recommetititchis parameter should not be changed froaeitault value
without consulting a qualified technician.

Parameter 122 — Grid digitizing deadband move distace
This parameter specifies a deadband distance os@utdrnal calculations when doing a clearanceenttvs
recommended that this parameter should not be eldafingm its default value.

Parameter 123 — Radial Clearance Move

This parameter only applies to radial digitizinglatetermines what type of positioning move thetiigig probe will
make should it encounter an unexpected probe doniticthe surface of the part during Radial Digitig.
Unexpected probe contact is defined as probe cootaarring while the probe is traversing towars tiser defined
center point.

With Parameter 123 set to 0: When the probe eneosiah unexpected probe contact, the digitizingnam stops
data collection. The control then prompts the ojpert® jog the probe to a clear position. This barany place inside
the digitizing radius and above the part, thatgtabe stylus has a clear path to the defined c@atgtion. To restart
data collection presSycle Start The probe moves in the XY plane from the posittomoperator placed it at, to the
center position defined in the radial setup merfterAeaching the center position, the probe veidd down to the Z-
axis position it was at when the data collectiors waerrupted. The digitizing run will resume witie probe
approaching from the defined center position.

With Parameter 123 set to 1: When the probe eneosiah unexpected probe contact, it will autombyicaove (with
probe detection turned off) to the maximum Z heigien moves the X and Y-axis to the defined cgmbsition. The
probe will then move to the Z position it was atamntthe unexpected contact occurred. It will thewerfoom the
defined center position, towards the measuremesitipo it was trying to approach when the unexpepi®be
contact occurred and continue digitizing.

With Parameter 123 set to 2: When the probe eneatian unexpected probe contact, it will autombyicaove back
to the defined center position (with probe detectiorned off), at its present Z height. It will themove from the
defined center position, towards the measuremesitipo it was trying to approach when the unexpepi®be
contact occurred and continue digitizing.

NOTICE  Settings 1 and 2 should only be used with extreautian because probe detection
during some positioning moves is turned off, anchage to the probe or work piece
could occur!

Parameter 130, 131 —'3/ 4™ axis on/off selection

These parameters control the display of tAesd 4 axes, respectively. The tens digit of the paramedlue
specifies the label of the affected axis when éniabled, with values 1-9 corresponding to axislABCUVWXYZ.
The ones digit specifies the label of the axis wihéndisabled, with 0.0 meaning the axis is noitchable, 1.0
meaning it turns off (N), a 2.0 meaning manual (&)¢d a 3.0 meaning 2-axis with manual Z (@). Patanl30 also
supports additional modes depending upon the \@ltiee hundreds digit. See the chart below fordvaidilues for the
Hundred'’s digit of Parameter 130. Note that PatanE31 does not support the Hundred’s digit. WR&80/P131 is
configured for axis switching, the Setup menu gigplfunction key§5/F6 to switch the axes.

Example 1:

A value of 192 in parameter 130 will toggle the axis between Z and M and power off all axes. Tisets bit one to
power all axes off, the 9 enables theaXis to “Z”, and the 2 changes the axis labelM bnce toggled with the F5
key in the Setup menu.
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Example 2:

A value of 392 in parameter 130 will toggle the 8w label between Z and M and power off all sxed receive its
positions from the %axis encoder input. The 3 sets bits two and opeveer off all axes and use th® dncoder input
as a scale input, the 9 enables tHagis to “Z”, and the 2 changes the axis labelM3 bnce toggled with the F5 key
in the Setup menu.

Example 3:
A value of 61 in parameter 131 will toggle tHeakis between W and N. The 6 enables fhexds to “W” and the 2
changes the axis label to “N” when toggled with Eiéekey in the Setup menu. This will turn tHeakis on and off.

Hundred'’s Digit Function Description Value of the Hundred'’s Digit
(Parameter 130 only)
Bitl Axis motor power when switchingto | 1 = power all axes off, 0 = power 3rd off only
two-axis mode.
Bit2 Use 4 encoder input for scale input 2 = Uskeicoder input, 0 = no manual input
Bit3 Use %' encoder input for scale input 4 = Useehicoder input, 0 = no manual input
Enabled Axis: | A|B|C|U |V |W |X]|Y]|Z
Ten’s Digit 112 3| 4 4 6| 7 8§ 9
Disabled Axis:| N | M | @
One’s Digit 11 2] 3

Parameters 132-135 — Motor Heating Coefficients foaxes 5-8
See parameters 20-30 for more information.

Parameters 137 — Load Meter Filter Size
This controls the number of samples used in cdiogian average output for the load meter dispaya way of
smoothing it out.

Parameters 138 — DRO Encoder Deadband
This controls the deadband amount (in encoder spuised by the anti-flicker DRO filter.

Parameter 139 — Special Dwell between Moves

This parameter turns on and specifies the amouall iwme between moves, with exceptions in spemaks. This
parameter is similar to specifying a G61 (Modal &emd Stop) at the beginning of a CNC programepithat
dwelling will not happen under certain conditior(&) No dwell will happen between 2 arcs. (2) Noetiwvill happen
if before the move that contains Z movement.

Parameter 140 — Message log priority level

This parameter controls the messages that arewtitthe message log, which can be accessed ththeB9 - Logs
function in the Utilities menu. See Chapter 15tf@ list of numbered messages. Message loggmpeaisabled be
setting this parameter to -1. The recommendedeleg is 4.

Value | Which numbered messages are logged

-1 None

1 Numbered messages 0-299 and 400-499 — The nmasiséaults.

4 Numbered messages 0-299 and 400 and higher ma$teserious faults and medium severity errors.
9 All numbered messages
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Parameter 141 — Maximum message log lines

This parameter is the number of lines that wilkbet in the message log. If this parameter iscs20,000, for
example, the newest 10,000 messages will be retaifibe CNC software will delete the oldest messagenming
the log file to the given number of lines at staréund periodically while the CNC software is inidie state.
Parameter 142 controls the frequency of the logralp.

Parameter 142 — Message log trim amount

This parameter is the number of additional linesvalthe minimum that can be added to the log befasaeduced to
the minimum size. Setting this parameter to a tovedue will cause the log file to be trimmed te hinimum size
more often. The higher the value, the less ofterlag will be trimmed. The speed of the disk drand total size of
the log file at the time it is trimmed will detennai how long the log cleanup takes. Under mosumstances, using
10,000 and 1,000 for parameters 141 and 142 vallige a reasonable and useful log size with naceatile effects
on performance. If parameters 141 and 142 an® stcessively high values, the message "Trimmiogss lines
from log file" will be presented. This messagel @ppear at startup and very infrequently whenGheE software is
idle. Normal operation can proceed after the n@gssigsappears. If the delay is unacceptable, rethecealues of
parameters 141 and 142.

Parameter 143 — DRO Properties (load meters, 4/5glts, Distance To Go)

This parameter controls the display of the axisl loeters and 4/5 digit DRO precision.
Bit |Function Description Parameter Value
0 |Enable Load Meters Enable = 1, Disable =D
1 |Load Meter Outline Enable = 2, Disable = (
2 |DRO 4/5 Digit Precision 5 digits = 4, 4 digitd=
3 |Mini DRO (Distance to Go)| Enable = 8, Disable = (

Add the values of the desired properties. For exanyse a value of 3 to display load meters witthioes. The value
11 will display load meters, outlines and the nidRQO. The axis load meters will be colored greenvidues that are
up to 70% of maximum power output, yellow for vaumtween 70% and 90%, and red for values betw@¥nahd
100%. The axis load meters appear below the DiR@dch axis (see Chapter 1).

Parameter 144 — Comparison Rounding

This parameter determines the built in roundingfiercomparison operators (‘EQ’, ‘NE’, ‘LT, ‘GTgtc.) in
expressions. Rounding of comparison argumentedessary due to extremely small errors that arteopavery
floating-point calculation. The result of suchaes is that two floating-point values are rarelaetky equal. The
value of parameter 144 represents the precisiaomparison in places after the decimal pointhdf parameter is set
to 9.0, for example, then comparison operatorsdeitlare two numbers that differ in value by Id&81t0.0000000005
as being equal. The value 0.0 is a special valaettirns comparison rounding off. When comparisamding is off,
it is up to the G code programmer to build the igien into conditional statements, for example ABS[#A - #B] LT
0.00005 THEN GOTO 100". When comparison roundigff, the “EQ” usually returns “false”. If paratee 144 is
set to 9, the programmer can shorten the previcasple to “IF #A EQ #B THEN GOTO 100”.

Parameter 145 — Advanced Macro Properties (Fast Braching)

This parameter turns fast branching on (1) andQff The other bits of this parameter are resefoetuture use.

If fast branching is disabled, the CNC softwaradeas forward in the program for the first matchimgck number
and resumes searching, if necessary, from thefttggrogram. For this reason, backward brantdieslonger than
forward branches and backward branch times depeideototal program size. If the program is siigaifitly large,
use of the GOTO statement could introduce tempgauges.

When fast branching is enabled, the CNC softwarembers the locations of block numbers as it fthésn during
program execution. Backward branches always tiaepmmediately. The first forward branch to adi not yet
encountered will take additional time as the CN@vgare searches forward for the block number; haxev
subsequent forward branches to that block numbetake place immediately. The trade-off for usfiagt branching
is that all line numbers at a given level of pregrar subprogram must be unique and programs wellnisre memory
(approximately 16kilobytes of memory for every 16ck numbers in the program.)
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Parameter 146 — Feed Hold Threshold for Feed Ratev@rride
This parameter sets the lowest value permittetieageed rate override percentage before feed baddaged. Feed
hold will be released when the override percentaggeater than this value.

Parameter 147 — Number of Status Messages to keepQperator Message Window
The Operator Message Window is the box of scrolitajus messages that appears in the upper rigigroaf the
Main Screen. The number of remembered status gessan be adjusted by this parameter.

Parameter 148 — Miscellaneous Jogging Options
This parameter enables and/or disables certainrmgtmodes of jogging.

Bit |Function Description Parameter Value

0 |Unused Should be setto 0

1 |Prohibit Keyboard Jogging Prohibit Keyboard Jogg= 2
Keyboard Jogging allowed = 0

Note: With this parameter set to zero, you need to aetrpeter 170 to enable keyboard jogging.

Parameter 149 — Spindle Speed Threshold

This parameter defines the spindle speed thregiesttbnt for the “Slave feedrate to spindle speedttion and the
“Spindle up-to-speed” function, both of which areabled and disabled via Parameter 78. It is Spec#s a
percentage of the programmed spindle speed. Xaon@e a value of 0.8 means 80 percent of the progred
spindle speed. See Parameter 78 for more details.

Parameter 150 — Backplot Graphics display options
This parameter controls the various options releddzhckplot graphics.

Bit | Function Description Parameter Value

0 | Sets Run Time Graphics option default to ON  Emabl, Disable =0

1 | Displays CSR positions in graphing Enable = 2abie = 0

2 | Display A and B rotations for 5 axis machines &bie = 4, Enable =0

3 | Display Skew Correction Enable = 8, Disable =0
4 | Display Lash/Screw Compensation Enable = 16,liésa 0

Parameter 151 — Repeatability tolerance for probingand radial digitizing.

Default is O, repeatability check disabled. Whesalled, only one measurement per point is takeinamprobing
cycles and radial digitizing. When enabled, a mimin of two measurements are taken per point anditfeeence (if
any) is then compared to the repeatability tolegaa set in Parameter 151. If the differencesss fliean or equal to
parameter 151 the point is stored and probing ooas. If the difference is greater than paranigiér 2 more
measurements are taken and the process repeated upaximum of 10 times. In probing cycles, & tiepeatability
tolerance cannot be met the cycle is cancellecharetror message generated. In radial digitizimg point is
discarded and digitizing continues without intetroip.

Parameter 155 — Probe Type
This parameter specifies the type of probe beirg us

Value | Meaning

0 Standard Mechanical probe
1 DSP probe

2 DP-7 probe

Parameters 156-159 — Autotune Move Distance / Aulelay Calculation Move Distance for axes 5-8
See parameters 95 — 98 for more information.
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Parameter 160 — Enhanced ATC

This parameter controls enhanced automatic toalgdra(ATC) options. A value of 1 indicates a nowiam type of
ATC (carousel ATC) and a value of 2 indicates aloan type ATC. A value of O disables enhanced Ag&dres. A
warning is displayed when attempting to enable robd ATC features as these features work in cotipmwvith
specific PLC programs. The enhanced ATC optionthagollowing characteristics:

The beginning of an M6, whether it be a customizddnc6.mac routine or not, flags the job file, segttthe ATC
error flag field to 1.

The end of an M6, whether customized or not, peréothe following:

(a) The ATC error flag is set to zero.

(b) The tool number displayed on the screen is tgodand this value is saved in the cncm.job file.

(c) The tool library bin fields are updated in tmanner:

If there was a valid tool in the spindle at thetsththe M6, then the tool library bin field fanis tool will be updated
with either the “putback” field for that tool (ifamrandom type) or the current ATC carousel posiffonrandom
type). For both random and nonrandom types, pligback” field is set to 0. The “putback” fieldas internal field
for each tool in the tool library. It can be deptd by using the cnccfgutil utility with the —ditmn to display the
tool library.

For nonrandom types, the new tool now in the sgimdll have its “putback” field updated to the amt ATC
carousel position.

For both random and nonrandom types, the new talin the spindle has the bin field set to 0.

The current ATC carousel position is constantly iteyed. When there is a change, the ATC bin fielthe cncm.job
file is updated and the file is saved. The AT(aael position is read from the PLC system variable
SV_ATC_CAROUSEL_POSITION, which should be writtentbe PLC program.

At the start of running a job, to include MDI modiee ATC error field is checked. If this fieldisthen a warning
message is displayed with a prompt to either dleafault by entering a ‘Y’ or canceling the job essing some
other key.

A tool change is not performed if the requested ialready in the spindle.

An M107 command sends the bin number for the sjeecibol number, not the tool number.

For random types, tool changes in Intercon aresgploss a tool change (Tnn M6) followed by a preHetemmand for
the next tool in the program (Tn2 M107). This aiothe PLC program to rotate the tool carousehéortext tool
while a job continues with the current tool.

For random types, a job search for a tool numb#dauak for lines of the form Tnn M6, i.e., the seh bypasses lines
of the form Tnn M107, which are just pre-fetch coamus.

The tool library allows editing of the bin fields $pecify which carousel bin number the tools tweesdl in.

Parameter 161 —ATC Maximum Tool Bins

This parameter sets the number of tool changer(barsusel positions) used with the enhanced ATiogescribed
above. PLC programs are responsible for readiisgstliue. The tool library interface uses thisgpaeter to validate
bin fields and perform initialization of the birefds.

Parameters 162 — Intercon M6 Initial M-Code

This parameter affects how Intercon programs pasGhodes for a tool change operation. When satrion-zero
value, Intercon will post out an M-code at thetstéra tool change and an M5 command after the Mig&command.
This parameter should be set to 17 so that Intenglbpost an M17 code at the start of a tool ctanghe M17
command turns off spindle and coolant and stagsglindle orientation process.

Parameters 164 — ATC Feature Bit

This parameter controls specific features of the&€Astem. It should be set to 1.0 to enable the R€€et feature,
which will appear as thE6 - ATC Reset function key in the tool library menu. Tpggameter only works with ATC3
plc programs.
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Parameters 165 — Acceleration/Deceleration Options

This is a bit field parameter which modifies carnteetails of axis acceleration and decelerationnndreaxis stops
moving, changes direction, or starts moving. TdgBarameters screen in the Machine Configuragothe original
DeadStart values for each axis. This parametewalljou to modify these DeadStart settings undeaiceconditions.
Note that if both Bits 0 and 1 are turned on (vaiuke+2 = 3), the effect is cumulative, i.e. the efé¢ct will be that %2
DeadStart value will be used when a slave axissstogtarts up from a stop. Likewise, if both Eitand 3 are turned
on, the effect will be cumulative also. Note ttias feature has no effect for movement commandslied by
Smoothing (P220=1).

Bit | Function Description Parameter Value
0 | Use ¥ DeadStart value for a slave axis that sioptarts from a stop Enable = 1, Disable =0
1 | Use 2 x DeadStart value for a slave axis thaissto starts from a stop Enable = 2, Disable = 0
2 Use ¥4 DeadStart value for a slave axis that seger Enable = 4, Disable =0
3 Use 2 x DeadStart value for a slave axis tharsss Enable = 8, Disable =0
4 | Limit the feedrate along the path of G2 or G3raoves such that the Enable = 16, Disable = 0
feedrate will be uniformly limited to the lessertbé maximum rate of the
2 axes involved in the circular motion.

Parameters 166-169 — Axis Properties for axes 5-8
See parameters 91-94 for more information.

Parameters 170-179 — PLC Parameters
These parameters are especially reserved as afspalzga which is to be sent to the PLC. Pararsetér, 178, 179
have been standardized for specific applicatioagameter 177 is used for trouble shooting purposs

Parameters 170 — Enable Keyboard Jogging and set &@rate over ride Control
This PLC parameter is used to enable keyboard fogamnd determine whether jog panel or keyboardréeaver
ride is used. To enable keyboard jogging set perani48 to zero and this parameter to a 1.

Bit | Function Parameter Value
0 | Enables Keyboard jogging Enable = 1, Disable = (
1 | Only looks at Feedrate over ride from Jog panel nale = 2, Disable =0
2 | Only looks at Feedrate over ride from keyboard ali®= 4, Disable =0

Parameter 178 — PLC /O configuration

This parameter can be use to set switch types Iit@mo NO and some other options. Each Bit corredpdn a
different function. All values are to be addedtte turrent setting. For example, if you need tagwihe low lube
input to normally open add 1 to this paramet®lOTE: This parameter works only with specific PLC pragsa The
PLC program installed in the control MAY NOT be rpapl as indicated below. These parameters shoiyden
changed by a qualified technician. The examplemivelow is intended for reference only:

Bit | Function Default state Opposite State
0 | Lube Fault Closed = OK Add 1
1 | Spindle Fault Closed = Fault Add 2
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179 — Lube Pump Operation
This parameter can be configured to control a yan€lube pumps. The value is formatted as MMMBI®M for
minutes and SS for seconds. Below is a table oksexamples.

Type of Pump MMM | SS| Operation

Mechanical/CAM 0 0 179=0 Power is on when machéneihning a job or in MDI Modsg

Electronic “lube first” | 16 00| 179=1600 Holds povar to the pump for 16 minutes of job or
MDI time

Electronic “lube last” | 16 00| 179=1600 Holds powarto the pump for 16 minutes of job or
MDI time

Direct Controlled 30 15 | 179=3015 Waits for 30 min of job or MDI timiben applies power

Pump for 15 seconds.

Parameters 186 — Probe Stuck retry disable

This parameter is used to disable retries whembepis detected to be in a “stuck” condition. Alpr “stuck”
condition occurs during a probing move when a pobe light (LED) stays on even after the probe tmved clear
of the contact surface. The control can sometitesct this condition and go through a series akeotive moves to
“reseat” the probe and retry the probing movethi parameter is set to a non-zero value, theedh&ol will not do
this corrective action nor attempt another prosimaye. If this parameter is set to 0, then therobmtill go through
the corrective action and retry the probing moveap times.

Parameters 187 — Hard Stop Homing

This parameter is used when homing off hard stdjpe value set in this parameter determines theuatrad current
sent to the motor while homing. Value range is O€B2, typical value for a DC system is 16000. Nbt this feature
does not work with velocity mode drives.

Parameters 188-199 — Aux Key Functions
These parameters are used to assign a functiaxtkeys 1-12 (i.e. P188 = Aux1 ... P199 = Aux12). Téieowing is
the list of possible functions that can be executbdn an aux key is pressed.

Function Parameter Value Function Parameter Value
No Function 0 One Shot - Frame 9

Input X Axis Position 1 One Shot - Face 10

Input Y Axis Position 2 Execute M Cdile mll*

Input Z Axis Position 3 Free Axes 14

Set Absolute Zero 4 Go to Power FeediMe 15

Set Incremental Zero 5 XYZ Set Absolriézo 16

One Shot - Dirill 6 One Shot - Drill Bélole Circle 17

One Shot - Circular Pocket 7 One SHottilt Array 18

One Shot - Rectangular Pocket 8

For example, if you wanted Aux4 to call up the “CBfeot - Circular Pocket” , you would set paramé®t to 7.

The Input Axis Position functions must be used wlita Set ABS/INC Zero functions. After entering thesired value
at the input field provided by the Input Axis Pasitfunction, press an aux key assigned eithefuhetion Set ABS
Zero or Set INC Zero.

* mis the number of the M code to execute. For exanifthe parameter value is set to 7211, therfifanc72.mac

will be loaded and executed when the Aux key wasged.
Custom overlays with the keys that represent thesetions are available; contact your dealer facipg.
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Parameters 200-207— OPTIC 4 Tach Volts Per 1000 RPM

These parameters control the digital Tach outpuherOptic4 boards. They are used on drives likgFainuc velocity
mode drives that require a tach input. The valuenpte is the volts/1000 RPM off of the motor. Agagve value can
be entered to invert the tach voltage compareddahcoder count derived velocity direction from émcoder.

Parameters 208-215 MPU-based Lash/Screw Compensatié.cceleration Coefficient

These parameters control the speed of the LasbraBdfew Compensation for axes 1-8. The lashbeiltaken up
with acceleration equal to the coefficient mulgliby the acceleration rate for the axis. A valiueeoo would
effectively disable MPU-based Lash and/or MPU-b&Sew Compensation.

*NOTE: These coefficients are not used by PC-Bdsesh nor PC-based Screw Compensation

Parameters 216 PC Based Lash Compensation on/off

This parameter controls which Lash Compensatiorodgm to use. The default value of 0 is recommelngecause
it allows lash compensation to occur during anydkaf motion. If PC Based lash is used then onlyrduan MDI or
programmed move (but not during jogging) will lagimpensation be applied.

Function Value
Use MPU-Based Lash Compensation 0
Use PC-Based Lash Compensation 1

*NOTE: Lash/Screw Compensation Acceleration Coedfits (parameters 208-215) are not used by PC-Baessid
Compensation.

Parameters 217 PC Based Screw Compensation on/off

This parameter controls which Screw CompensatigoAthm to use. The default value of 0 is recomneehldecause
it allows screw compensation to occur during amgdlkef motion. If PC-Based scew compensation is tised only
during an MDI or programmed move (but not duringgimg) will screw compensation be applied.

Function Value
Use MPU-Based Screw Compensation 0
Use PC-Based Screw Compensation 1

*NOTE: Lash/Screw Compensation Acceleration Coedfits (parameters 208-215) are not used by PC-Basev
Compensation.

Parameters 220-231 — Smoothing Parameters

These parameters are used for controlling the bhehafs the Smoothing feature used during feedrpieiute moves.
In particular, parameter 220 turns Smoothing oafbr When Smoothing is turned on, extreme carstrbe practiced
to ensure that the rest of the Smoothing paramaterset to reasonable values, or else damage tod@bhine may
result. For further Smoothing information, please see thedions “Smoothing Configuration Parameters’and
“Smoothing Setup Menu” later in this chapter.

Parameters 236-239 — Motor Cooling Coefficients foaxes 5-8
See parameters 20-30 for more information.

Parameters 252-255 — Autotune Ka Performance paraners for axes 5-8
See parameters 87-90 for more information.

M-Series Operator’'s Manual 4/9/15 14-36



Parameters 256 — Drive Mode
This parameter indicates to the control softwaratwhode the drives are operating under. It alsrots the
availability and behavior of the F5 Tune key in BI® Menu based on the drive mode.

Drive mode Value
Torque mode. Autotune feature is enabled, accesgialF5 in 0
PID Menu

Velocity mode. Autotune feature is disabled. Aute does not 1

work with velocity mode drives and therefore thesgmeter
should be set to 1 to prevent access to Autotursioh machines
with these drives.

Precision mode. This enables the Precision Mod&yderameters 2
340-347. This also enables the Auto Delay Calmndeature,
accessible via F5 in PID Menu, which is used toauatically
calculate these parameters.

Parameter 257 — TT1 connection detection PLC input

This parameter stores the input for the TT1 conoeatetection feature. The spindle inhibit paraanéparameter 18)
must be set (non-zero) for this feature to worke Tefault for this parameter is 0, which disaliés feature. When
this parameter is set (non-zero), the Tool Meagurirtle will not run unless a TT1 or a probe iamected. A
negative value must be entered if a "normally adseput is to be used with the control. A positivalue must be
entered if a "normally open" input is to be usethwie control. The absolute value of this parameill directly
reflect the PLC input the TT1 connection deteatiied to.

Parameter 258 — Velocity/Torque Mode override in Pecision mode

This is an axis bitfield where setting a bit to*atlows the corresponding axis to run as if it e/ar velocity or torque
mode, but prone to servo mismatch errors. Bitadu@ 1) refers to axis #1, bit 1 (value 2) referaxis #2, bit 2 (value
4) refers to axis #3, bit 3 (value 8) refers tosaxd, and so forth.

Parameter 259 — Manual Axis Designation

This parameter is a bit field that designates am @x a manual axis regardless of its label. Bialue 1) refers to
axis #1, bit 1 (value 2) refers to axis #2, bival(e 4) refers to axis #3, bit 3 (value 8) reteraxis #4, and so forth.
(Note that there is another way to designate amasia manual axis, which is to set its label t6 6M'@".)

Parameter 260 — Accelerated Graphics Backplot
This parameter controls the user interface thptesented wheR8 — Graphis pressed. See Chapter 3 for more
information about Accelerated Graphics Backplot.

Function Value
Use the original Graphics Backplot -1
Use the new Accelerated Graphics Backplot 1
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Parameter 270-271 — XY Skew Correction
These parameters work together to correct XY pmsiskew, which can occur if the X axis is not ekact
perpendicular to the Y axis (or vice versa). Timton XY skew correction, use the chart and foltbe skew
measurement procedure described below. To turKYv&kew correction, set both parameters to 0.

Parameter | Symbol | Description

270 S +/- X skew deviation from perfect X and petfé

271 L Y length over which to apply a position catien to counteract a
skew of amount S

Skew Measurement Procedure

Program a sufficiently large L x L square and ¢win a scrap piece of material using the machirguastion. Put this
“square” piece against a true square corner anduneahe skew S. If the square is leaning todftethen S is

negative; if it is leaning to the right, then $sitive. Set Parameter 270=S and Parameter 271=L.

A

Corrected Y Axis

Skewed Y Axi —\

»

>

S = negative (-)

A

D1

»
»

D2 >

\ S = positive (+)

» X axis

L ‘é S—>

(Note: The skew shown above is exaggerated fastidion purposes.
Actual skew usually is not visually detectableassl it is measured.)

If you have trouble directly measuring S, you caltulate it by measuring the diagonals D1 and Dd8,taen using

the following formula:

D1°-
S =
4 x

D2?

L

Parameter 278 — Spindle Speed Display Precision

This sets the number of digits after the decimattpio display on the Spindle Speed display inSitetus Window. A

setting of 0 means to show whole number spindledpe
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Parameter 284-291 — Brake Resistor Wattage for ACDOrives 1-8

These parameters specify the brake resistor wattagdh default to the minimum internal resistorual If CNC11
detects that the estimated brake wattage exceeses ffarameter settings, then a "470 _ axis (djibeake wattage
exceeded" message is reported in the status wiadodwvritten to the message log. These warningsheayritten at
most twice a minute. User variables #27201-#27208be used in an M- or G-code program to returregtienated
brake wattage as reported by the ACDC drive to MRUWbte that these are drive numbers, and matchEbRe
indicator on the ACDC drive, but do not necessaribtch the axes as displayed in the DRO due ttdkibility of
drive mapping.

Parameter 300-307 — Drive assignment to Axes 1-8

These parameters control to what physical driveetmemands for motion are sent. Parameter 300 asaighysical
drive to axis 1, parameter 301 assigns a physita tb axis 2, and so on. The values for thesampeters can be set
to any value from 1-25 based on the table beldtese parameters must be set before attempting toawe motors.
Note that if you change any of these values, the gtine must be powered down and restarted for the @nges to
take effect. Contact your dealer before changingiese values.

r

Drive Number Drive Type and Location Description

Assignment

1,2,3,4,5,6,7,8 Drive Bus Channel 1-8 Drive types@C3I0B, DC1, ACSINGLE, OPTIC4, an
OPTICDIRECT. Other drive types may be added in the
future.

9,10, 11, 12 GPIO4D/RTK4 Drive Out 1-4  Drive outmiimplemented as outputs on the PLC bus
which are updated at 4000hz.

13 RTK4 Drive Out 5 8 output for RTK4 drive

14-16 Reserved

17, 18, 19, 20 Legacy DC 1-4 Examples of Legacyddi@es are: QUADDRV1,
SERVO1, M15DRV1, DC3IO, SERVOLV, SERVO3IO,
DCSINGLE.

21,22,23,24,25 Legacy AC 1-5 Examples of Legacydti@es are: SD1, and SD3.

Parameter 308-315 —Encoder assignment to Axes 1-8

These parameters control to which encoder thestidald look for feedback. Parameter 308 assigrenaader to axis
1, parameter 309 assigns an encoder to axis Z@ad. The values for these parameters can lte ary value from
1-15 based on the table belolhese parameters must be set before attempting toove motors. Note that if you
change any of these values, the machine must be mred down and restarted for the changes to take &ftt.
Contact your dealer before changing these values.

Encoder | Location Description
Number
1 MPU11 onboard encoder 1 Encoder inputs on the MPU11.
2 MPU11 onboard encoder 2
3 MPU11 onboard encoder 3
4 MPU11 onboard encoder 4
5 MPU11 onboard encoder 5
6 MPU11 onboard encoder 6
7 Drive Bus Channel encoder 1 | Encoder inputs on Drive Bus devices.
8 Drive Bus Channel encoder 2 | Here are some examples:
9 Drive Bus Channel encoder 3 | Q0o e e e e san cestonsvamoot
10 Drive Bus Channel encoder 4 | 7.89,10,11.12.
11 Drive Bus Channel encoder 5 | An OPTICDIRECT occupies 1 Drive Bus Channel encdoeation. Chaining 8
12 Drive Bus Channel encoder 6 (L)PTICDIREC_TS together would occupy 8 encoder Ium:minumbered 7-14.
egacy AC drives (such as SD1 or SD3) occupy 6 @aclmcations numbered 7-12.
13 Drive Bus Channel encoder 7 | Note that every Drive Bus device takes up a Drius Bncoder location even if there is no
14 Drive Bus Channel encoder 8 | énceder going to the drive.
15 MPU11 onboard MPG encoder MPG connector witindex pulse
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Parameter 323 — MPU11 Encoder Speed Filter

This is an axis bitfield where setting a bit to“selects the low speed filters for the correspogdixis. As a general
guideline, an axis’s bit should be set unlessalxat refers to a 3rd party drive. Bit O (valuadfers to axis #1, bit 1
(value 2) refers to axis #2, bit 2 (value 4) referaxis #3, bit 3 (value 8) refers to axis #4, andorth.

Parameter 324-331 — Axis Boxcar Size

These parameters set the maximum sample size bbttear filter for each axis. For most applicatitimsse values
should be set to 0 (default). For applications wlthe motor drives are too responsive or jumpysehmExcar filters
act as a way to smooth the PID output. They awetlag) PID output by the entered boxcar size thdisaiag PID
spikes. Eg. A value of 4 would add the last 4 RPues and then divide by 4 for before output. Augaof 5 would
add the last 5 PID values then divide by 5 befatpat. Note that during PID averaging, the ErromSs not zeroed
during direction reversal. Conversely, a valu@ disables the boxcar filter for that axis and aemes the Error Sum
on Direction Reversal. Note also that as a byprbdfiaveraging by 1, a boxcar value of 1 may lelus produce a
true PID output while not zeroing the Error Sumdirection reversal.

Parameters 332-335 — Encoder error suppression

These parameters control suppression of variowestgpencoder errors on a per encoder basis. Tlaeameters are
bitfields by encoder index, NOT axis index. The rhpiras 15 encoder indexes. For example to disableder faults
for Encoder #5 on the mpull, enter a 16 into tmarpaters 332 and 334. To suppress encoder fautsraor
messages for all 8 axes, enter 255 into each giaremters mentioned in the following table.

Parameter | Function

332 Suppress encoder differential faults

333 Suppress encoder differential error messages
334 Suppress encoder quadrature faults

335 Suppress encoder quadrature error messages

Parameters 336-339 — Motor torque estimation foreiocity mode drives

These parameters are intended to be used withityeloode drives in order to faciliatate a more aatel display of
the axis load meter bars shown under each posititre main DRO display. If P336 = 0, then thiattee is disabled
and the normal PID output is displayed by the basl meter bars. This feature is enabled if P33®iszero.

Parameter | Symbol | Function

336 G Overall gain setting (0 = disable Motor targstimation)
337 Ga Absolute error gain

338 Gs Error sum gain

339 Gd Delta error gain

Technical detaits

The axis meter bar value (V) is then caluculated/as abs(100.0 * G * ((Ea*Ga + Es*Gs + Ed*Gd)) /
integration_limit), where Ea is the absolute erks,is the error sum, and Ed is the delata eroon the PID algorithm
and the integration_limit is from the “Limit” valuget in the PID Config screen . This value V isitbeund to the
range 0-100.

Parameters 340-347 — Precision Mode delay (in m#ieconds) for axes 1-8

These parameters are used for synchronizing ing@igrecision mode drives with different delayseTWPU11 will
use these values and compensate for the differémties delays. These parameters have up to anfilR§econd
resolution.

Parameter 348, 351, and 354 — MPG/Handwheel Encodkput 1, 2, and 3
The encoder input for the MPG or handwheel. (19&2 the encoder chart above. Note: PLC prograreiction is
needed to enable an MPG or handwheel.
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Parameter 349, 352, and 355 — MPG/Handwheel Detersr Revolution 1, 2, and 3

This value is the number of clicks (detents) pgphation. It is the number of divisions or marksgn the mpg or
handwheel. Moving the mpg or handwheel one detedivision will cause the motor to move one jograment
(depending on the multiplier x1, x10, x100, etd)ote: PLC program interaction is needed to enabI®PG or
handwheel.

Parameter 350, 353, and 356 —~MPG/Handwheel Encod€ounts per Revolution 1, 2, and 3
This value is the number of counts generated gation of the mpg or handwheel. Note: PLC progmat@raction is
needed to enable an MPG or handwheel.

Parameters 357-364 — Axis Drive Max RPM for Axes 8-

These parameters allow you to set the drive/motot rate capability (in RPMs) for use by the PI1Doaithm for the
calculation of the axis KV1 contribution. This ualis independent from the axis Max Rate settingenlog
Parameters menu, which is used by the control sotwHowever, for those axes whose correspondiraneters are
set to O (the default) the the PID algorithm wikuhe axis Max Rate setting in the Jog Paramftetke calculation
of the axis KV1 contribution. These parametersimtiended for § party velocity mode drives that have a different
max rate setting than that of the control software.

Parameters 365 — Drive power-on delay

This specifies the number of milliseconds thatvtiRU11 will wait between the moment that drive poviest comes
on and the start of commanded motion. However,dbes not work for the case of turning off a sirepes using
M93, moving a different axis, and then moving tloavpred off axis. The default value is 0 which meansielay.

Parameters 366 / 367 — Probe / TT1 deceleration ritiplier

Parameter|Function

366 Probe deceleration multiplier.
This factor adjusts the deceleration rate of prglmves coming to a stop du¢
to probe hit.

367 TT1 deceleration multiplier:

This factor adjusts the deceleration rate of TTd toeasuring moves coming {o
a stop due to tool touch detect.

The normal axis acceleration rate (configured lwditig the Max Rate in the Jog Parameters screghdjccel
Time in the PID Config screen) is multiplied by tredue of these parameters to determine the adagalerations
used for each situation. A value higher than 1 @@lse a more abrupt deceleration than the ncarisl
configuration. A value below 1 will cause a gentleceleration.

Parameters 374-379 — ACDC Drive Debug Log Settings
These parameters are used by support technicianshaald be left at value 0.

Parameters 392-394 — DP-7 parameters
These are parameters specific to the DP-7 probamndsed only if parameter 155 = 2.

Parameter|Function
392 DP-7 Pullback Distance
The distance the probe moves off of the surfa@ afprobing move
393 DP-7 Pullback Feedrate
The feedrate for the pullback move.
394 DP-7 Measuring Feedrate
The feedrate for the slow measuring move.

Parameters 395 — Probing Setup Traverse Speed
This sets the probing traverse feedrate for theorbased probing cycles on engine block systems.
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Parameters 396 — Probing Setup Plunge Speed
This sets the probing plunge feedrate for the mbased probing cycles on engine block systems.

Parameters 398 — Port/Block mode
This determines the current mode of Port/Blockesystand is set by the Port/Block menu. This pat@nséould not

be manually modified.

Value Mode
0 3-Axis
1 Engine Block
2 Tilt Table

Parameters 399 — AD1 arc chord tolerance adjustment

This parameter adjusts the precision of AD1 arckelVSmoothing is turned off (P220 = 0) arc movesh{sas G2 and
G3) are generated as a string of many small limeaes that are used to closely approximate theranoged arc.
These small linear moves are called arc chordss@ hec chords straddle each side of the theor¢tieahrc path, but
their distance (in encoder counts) from the patimiged by what value is set in this parametehe Hefault value is
.5, meaning that by default the arc chord neverystaway from theoretical true arc by more thamé&pder count.

Parameters 900-999 — PLC program parameters

These parameters are used as a way of communidlatiimg point values to a PLC program. The megsiof these
parameters depends on how a PLC program uses tietgaa vary from one machine to another. One sitgdaise
of these parameters is as a set of configuratibresa The values of these parameters are savedmgpdification
(via @ menu or CNC job) and will be retain theilues even after shutdown and restart of the corofivare.

All remaining parameters are reserved for further expansion.
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PID Menu
Pressing-4 - PID from the Configuration screen will bring up théRWenu. The PID Menu provides qualified
technicians with a method of changing the PID ddpandata to test and configure your machine.

WARNING The PID Parametehould notbe changed without contacting your dealer.
Corrupt or incorrect values could cause damagedartachine, personal injury,
or both.

F1 - PID Config

This option displays the Oscilloscope tuning scree is intended for qualified techniciaomdy. It allows
technicians to modify the PID values, and to seedal time) the effects of those modificationsefihg the PID
values will caus®RAMATIC changes in the way the servo system operatesntgtalpossible machine damage.
DO NOT attempt to change these parameters without camgagbur dealer.

The general idea is to reduce the Absolute ErrodEs) and the Sum of Absolute Error (ErrSum), vihice both
measured in encoder counts. Absolute Error tellshaw far off position the machine is at any paac point in
time, and the Sum is used when tuning to maketsereverall error is being reduced.

Special Note for SD3 drives: The program contairiegy moves (edited via F1 and run via F2 on thelldscope
tuning screen) must contain a dwell (G4 P__), otiwr the SD3’s drive parameters will not be sent.
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WARNING

the motor drives!!!

F5 - Tune

F1 — Edit Program

F2 — Run Program

F3 — Ranges

F4 — Toggles & Pan

F5 - Zoom In
F6 — Zoom Out
F7 — Zoom All

F8 — Change Axis

F9 — Save & Apply
F10 — Save & Exit

Page Up — Tweak +

Page Down — Tweak -

Change the program that will run
when F2 is pressed

Causes the machine to run a
simple test program, while
collecting data

Can be used to specify the X and
Y ranges for the Oscilloscope
view

Allows changes to how the
collected data is displayed, and
panning via the cursor keys

Zooms in
Zooms out

Fits all of the collected data into
the Oscilloscope view

Tells the MPUL11 to collect data
for a different axis (displayed in
the top left)

Saves any modifications

Saves any modifications and exits
the Oscilloscope menu

Allows small modifications (+1%)
to the PID values while the
program is running. Hold shift for
a larger (+10%) modification.

Allows small modifications (-1%)
to the PID values while the
program is running. Hold shift for
a larger (-10%) modification.

Improper PID values can ruin the machine, causgopeit injury, and/or destroy

This option is available only for Torque mode amddision mode drives. See Parameter 256 earliisrchapter for

more information about Drive modes.

If the drives are in Torque mode, pressing thiswalystart the Autotune procedure. It is used Iylified technicians
to automatically determine values for Max Rate, dfecel time, and DeadstéBee section Motor Configuration:
Jog Parameters) as well as certain PID parameteeath installed axis. The Autotune procedureémalke a series
of moves on each non-paired controlled axis, tiaged limited distance (configured via parametéy$98 and 156-

159) from the initial position in all directions tietermine the friction and gravity of each axi$e initial high-speed

move will use half of this distance. You cannaot Autotune on paired axes. Do not run Autotunessrequested to

do so by a qualified technician.
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If the drives are in Precision mode, pressingkbigwill start the Auto Delay Calculation procedutdas used by
qualified technicians to automatically determin&uea for the Precision Mode delay parameters 340-3he Auto
Delay Calculation procedure will make a single mowesach non-paired controlled axis, travelingrateéd distance
(configured via parameters 95-98 and 156-159) fifoerinitial position. You cannot run the Auto Del@alculation
procedure on paired axes. Do not run the AutoYp€kculation procedure unless requested to dg sodualified
technician.

F6 - Drag

This option is used by qualified technicians tcedetine whether your machine is binding anywhere@glbhe axis
travel. To run a drag test prds8 - Dragto begin the drag test. Prdésk- Next Axisto select the axis you wish to
check and then hit the CYCLE START button. A tebet drag_x.out, or a similarly named file is gesiedd and stored
in the c:\cncm directory. If significant drag ocsua message will be displayed on-screen. Cowtactdealer to
correct the problem as soon as possible.

F7 - Laser

This option is used by qualified technicians tcetakitomated laser measurements and create or tdjusdliscrew
compensation tables. Do not attempt to run auticrteger compensation without first contacting ydaaler for
details.

F8 - Drive

This menu will only appear on AC systems and offfigcas using SD or ACSingle drives. It is not famgral viewing
and definitely not for modification by any unquadi individual. For more information about this mesption, refer
to the SD installation manual.

F9 - Plot
This option is used by qualified technicians tct plata.

Test
This menu only appears if the system has not y&t lbenfigured and initialized or if a new solidtstdisk has been
installed. For more information, please contactryaealer.

ATC Init.

This menu will only appear on enhanced ATC systeRlsase see your ATC manual for further infornratio
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DSP Probe Configuration

Pressing=7 — DSP Probdrom the configuration screen will display the DBfbe configuration. Note that this menu
is available only for DSP probes (Parameter 155=1).

Minimum Difference:

Default - 0.001 inches. The minimum difference kew mechanical and reported DSP position.
Maximum difference:

Default - 0.025 inches. The maximum difference leetvmechanical and reported DSP position.
DSP Probing feedrate:

Default — 20. The feedrate to use for DSP probioges.
DSP Probing Clearance feedrate:

Default — 20. The feedrate to use for DSP prokilearance moves.
DSP Retry Limit:

Default - 10 times. The maximum number of triestbieve a passing window.
Force DSP probing feedrate in M115/M116

Default - Yes. This forces the DSP feedrate forlBfM116 (recommended) rather than using the feedrat
specified in an F command.
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Accept Mechanical Points in Digitizing Cycles

Default —Yes. Used when any given point has fa@tlow checking # times where # = the limit ascfped
in DSP Retry Limit. Setting this option ¥esrecords the last mechanical position rather thamwt out the
point entirely. If this option is set to no, ndweis recorded for the point and digitizing congs.

DSP Retry Dwell Time

Default — 0 seconds. The amount of time to dwiethe end of a retract move when retrying a DSPip®
move. The purpose of this is to give the probetimstop vibrating before moving towards the stgfagain
on a bad hit.

Other DSP Probe settings

The DSP Probe eliminates the need for a multipigtabe measuring move (A fast inward move to fimel
surface followed by a slow move to measure thease)f Therefore, the Slow Probing Rate (paraméieddes
not apply to probing moves when the DSP probe ablkenl. However, the Slow Probing Rate still appices
TT1 tool measurements. The Fast Probing Raterfgeiea 14) is still used for positioning moves igitizing
cycles, but not for probing mvoes which measurestitéace. Instead, the DSP Probing feedrate id iagse
these moves.

The following list is a list of other parametersiaihaffect the DSP Probe. See the parameter gésas in the
Machine Parameters section (earlier in this chajfdeimore information.

Probe Type (Parameter 155):
This parameter enables/disables the DSP Probe.

Recovery Distance (Parameter 13):

This parameter is used for failed DSP windows. Qeilad window, the DSP probe will retract thistdisce
before retrying.

Fast Probing Rate (Parameter 14):

Used for positioning moves in digitizing and prapmoutines. These are moves which are not measaring
surface. It is not used for surface measuring mexen the DSP probe is enabled.

Slow Probing Rate (Parameter 15):

Not used by the DSP probe. However, it will il used by TT-1 tool measurements.

Repeatability Tolerance (Parameter 151):

Recommended value is 0 (disabled). This paranesisbles repeatability checking. It will work in ganction
with the DSP probe.
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Smoothing Configuration Parameters

Parameter Description Recommended values
220 Turn the Smoothing feature ON or OFF . 1 = Simag (set to O to use Exact
Stop mode)
221 NBpts: The number of points in the Smoothing filter. The | For Milling | For Routers:
higher this value, the more rounded corners witldnee (see | Machines: | 5to 20
tolerance below) Oto 10
222 STEP: Smoothing breaks up a G code program into segmenior Milling | For Routers:
of this vector size. Use this rule of thunimlerance = Machines: | .01 inch/.25mm
(Nbpts*STEP)/3. .001 inch/
.025mm
223 Umax: Sustained safe throughput rate going to the 800
CPU10/MPU11 card.
224 Centripetal control options: This bitfield parameter controls O
the Centripetal stage of the Smoothing module. (Centripetal stage will operate on all
Value 0 (default) makes Centripetal operate omedls and axes and disables excessive axis accel
disables excessive axis accel checking. checking.)
Values 1 and 3 (bit 0 = 1) limits Centripetal tdyolmear axes.
Values 2 and 3 (bit 1 = 1) enables excessive axslahecking
226 W: Feature Width over which the Min Angle is deteredn 10
227 Min_Angle: Minimum angle to smooth in degrees. For Sharp | For rounded corners
Settings of 95 to 100 degrees will come to a neqr and corners 60 to 85 degrees
produce sharp right angles. 60 to 85 will move cwausly 95 to 100
while rounding angles. degrees
228 S curve: The recommended setting for this parameteris 0. | = CQ¥f completely (recommended
setting)
229 Backplot/Smoothing mode :Smoothing may slow down the | 0 = Faster Backplot, smoothing may be
display of Backplot Graphics. This parameter all@afaster active but is not shown
backplot by not showing Smoothing. 1 = Slower Backplot, smoothing effec{s
shown.
230 Curve Feedrate Multiplier: Reducing this value below 1.0 | 1.0 (default value)
will cause the machine to move slower around cuaves 0.1 to 5.0 (Depending on user's
corners, minimizing "bangs" and overshoots. Insir@athis preference for speed vs "bangs" and
value above 1.0 may allow you to run your machasdr if overshoots)
the feedrates in arcs and corners are still satmfa
231 Acceleration Multiplier: This parameter allows you to | 1.0 (default value)

adjust the overall acceleration / deceleration asta
means to reduce machine vibration, and noise during
starting, stopping and feedrate changes. Redubiag t
value below 1.0 will cause more gentle acceleratiamd
decelerations. Increasing this value above 1.0cailise
faster accelerations / decelerations.

0.5to 1.5 (Depending on user's
preference for quickness of
accelerations / decelerations)
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Note: STEP must be in the same units that the aoistcurrently set to (Inches or MM). Once
entered in, if you change units in the control frimrhes to mm or vice versa the Smoothing parametgr
automatically be converted to the other units fmu,ys0 you don't have to re-enter them once ydypethem in

properly.

Technical Background description of Smoothing
Smoothing performs several related functions:

1. Smoothing NBPTS (P221) and STEP (P222)

These parameters control geometrical smoothingeotiser supplied G-code. Smoothing allows signitigehigher
feedrates to be achieved while reducing vibratbmmps and bangs at corners and angles. It is edso fpr
smoothing over a CAD-CAM generated data with pecukatures. See Fig 1. Smoothing's strength @saals
potential disadvantage, it modifies geometry anthds corners. See Fig 2. When would you want to use
smoothing? The user may want to run smoothly tHigegtangular Z movements created by "breakout tabs
on a router job. Smoothing will allow the job tarat high speed right through the breakout talibgifmin angle
P227 is set to less than 90 degrees.
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2.P230 Curve Feedrate multiplier Arcs and Corners
Low values produce lower feedrates in curves.

Fig. 4a: P230 determines speed around curves aad ar

Tighter arcs produce lower feedrates

3. P231 Acceleration Multiplier

Fig. 4b: Lower values produce lower accelerations.

P231

Velocity

4. Min_Angle (P227)defines the minimum angle to apply Smoothing tibaAgles below the minimum angle
will be sharp. For example if Min Angle is set tadeg then all angles less than 95 right angleydinh 90deg)
corners will be sharp (not smoothed).
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5. Feature width W (P226)

W and Min_Angle work together to determine whiclglas will be "sharp” (not be smoothed). For exangpfgcode
file may contain small spikes, double backs orzags of less 1mm that may be causing unwanted

slowdowns in an otherwise high speed stretch dpah. Given a STEP (P222) = .25mm , setting W @22
(4*.25=1mm) should reduce or eliminate deceleratiacross the problem toolpath. W does not itsetfadin

the offending data, that's the job of Smoothing{aaled by NBpts and STEP), but W does allow you t

minimize slowdowns caused by small features, widalery helpful for running smooth thru jagged CAIDM
generated G code.

Fig 6. W determines whether or not a feature is si  gnificant

Feature is larger This feature is significant.
than W x Step Therefore, if the feature’s angles are less than
T W x St Min_Angle (P227) they will be shapened.
® X stey Otherwise, smoothing will be applied.
>
W x Stej

Feature is smaller W x Ste] 5~ Because this feature is considered insignificant,
than W x Step ._k_. smoothing will be applied over it.
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Smoothing Setup Menu

Pressindg-8 — Smoothing Setugrom the Setup menu will bring up the SmoothingupeMenu. The Smoothing Setup
Menu provides a simplified way of choosing paramsefer the Smoothing module. Smoothing is esphciaeful in
controlling and minimizing the amount of banginghachine experiences as it proceeds along the tholfaoothing
is also able to (optionally) round part geomettipveing for faster feedrates around corners.

F1 will turn off Smoothing. The other quick setup/ké-2-F8 (if displayed) will turn on Smoothing and activate
smoothing preset profile by setting Parameter 82Ddnd copying preset values from the selecteskpreto
parameters 221-231.

By default the following 4 presets are provided:

F2 — Precision Mill chooses Smoothing with settings for high precisiank on a Mill.

F3 — Contouring Mill chooses Smoothing with settings for a Mill, witlo$er tolerances for rounded geometry.

F4 — Precision Routerchooses Smoothing with settings for precision warlka Router.

F5 — Contouring Routerchooses Smoothing with settings for a Router, Witiser tolerances for smooth geometry.

Presets can be modified, added, or removed byipggs8 — Customize Presetwhich will give you access to the
menu described in the next section.
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Custom Smoothing Presets Menu
Pressindg-9 — Customize Presetfrom the Smoothing Setup menu will bring up theeea that allows you to
customize the Quick Setups keys that appear iStheothing Setup menu.

There are a total of 99 Smoothing presets. Eaabo81mg preset consists of a customizable labeleatastomizable
set of parameter values that will be copied toattteial parameters P221 through P231 (excluding)R&286n such a
preset is selected in the Smoothing Setup Menuhenvactivated by the “G64 ON” command.

Smoothing presets #1 through #7 are the only ekat can appear in the Smoothing Setup menu@mnelsponds to
F2 throughF8 in that menu. For these presets (#1 throughgfity,those that have a non-blank F-key Label vl b
appear and be available in the Smoothing Setup M&iouemove a particular preset from the Smoot&atyp Menu
(presets #1 through #7) , simply delete its Lalpel l2ave it blank.

All Smoothing presets can be activated by “G64 @NdA CNC program or by MDI. Presets activated tay will
still be in effect even after the CNC program réshed. Here are some G64 examples:

G64 ON P1 ;Activate Preset #1 by nu mber
G64 ON "precision mill* ;Activate Preset #1 by la bel
G64 ON P2 ;Activate Preset #2 by nu mber
G64 ON "contouring mill* ;Activate Preset #2 by la bel

The “G64 ON” command with a “P” number can be usedctivate those presets that do not have a Label.
For more details on G64 see Chapter 12.

WARNING The Smoothing Presets should not be changed wittamsulting your dealer.
Corrupt or incorrect values could cause damagedartachine, personal injury,
or both.
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Chapter 15

CNC Software Messages

CNC software startup errors and messages

Error | Message Cause & Effect Action
102 Error initializing | Error while sendinghexfile. Cannot Inspect MPU11 connectigior fix
CPU...cannot communicate with MPU11 or it is not pluggedissing or corrupted hex file.
continue. in. Contact Dealer
103 Error sending Unable to send setup command to MPU11, Inspect MPU11 connection, or
setup Cannot communicate with MPU11 or it is npimissing or corrupted hex file.
plugged in. Contact Dealer
104 Error sending PID Unable to send PID setup command to Inspect MPU11 connection, or
setup MPU11. Cannot communicate with MPU11| anissing or corrupted hex file.
it is not plugged in. Contact Dealer
105 mpu.plcfile read | Missing or error irmmpu.plc. Contact dealer
error..cannot Install or recompile PLC
continue program.
106 The PC clock The time on the PC internal clock is earlier
appears to be than the time recorded in a previously stored
wrong file
199 CNC started CNC control software has started.

Messages issued upon exit from CNC software

Error |Message Cause & Effect Action
201 Exiting CNC due to a MPU11 not responding, or mpuhex,| Contact dealer
known error mpu.plcis missing or damaged. Check for possible software
corruption
202 Exiting CNC due to a ma| A floating-point math error occurred.| Contact dealer
error Possible corruption of cnc.tem, Delete corrupted files and rebopt
cncm.job, or cncm.wcs. software.
204 Exiting CNC...Normal EXitCNC control software is shuting down
normally.
222 Autotune run added to log whenever autotunerns
Messages and Prompts in the Operator Status Windo®tatus messages
Error |Message Cause & Effect Action
301 Stopped No operations in progress
302 Moving... Motors are moving while a CNC progriam
running
303 Paused... Motion is paused while a CNC progsammnning
(FEED HOLD)
304 MDI... CNC software running in MDI mode
305 Processing... CNC software running in a motlerahan MDI
306 Job finished Normal end of CNC program
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Error |Message Cause & Effect Action
307 Operator abort: job | ESCor CYCLE CANCEL pressed. Job is
canceled cancelled.
308 Waiting for input #NIN M100 or M101 executing. Program will continue
once specified input opens or closes.
309 Waiting for CYCLE | MO, M1, M100/75, or Block Mode is executed. Pr€gsle Start
START button
310 Waiting for output | M100 or M101 executing. Program will continue
#NN once specified output opens or closes.
311 Waiting for memory | M100 or M101 executing. Program will continue
#NN once specified memory bit changes to the correct
state.
312 Waiting for PLC PLC program not clearing PLC operation in
operation (Mnn) progress
313 Waiting for dwell time G4 executing. Program waits for specified dwell
time then continues.
314 Waiting for system | M100 or M101 executing. Program will continue
#NN once specified PLC system variable changes to the
correct state.
315 Searching... Run/search in progress
317 Waiting for automati¢ mfunc6.mac executing
tool change
318 Operator Abort ESCor CYCLE CANCEL pressed while doing a
probing cancelled probing move
319 Probing cycle probing cycle was cancelled
cancelled
320 Probe stuck probe is stuck, or probe hit an object when it Wit
expecting contact.
322 Stall: probing probing was cancelled because of a stall
cancelled
323 Stall: job cancelled job was cancelled becafisestall
324 Limit: probing probing was cancelled because of a limit error
cancelled
325 Limit: job cancelled | job was cancelled becaafse limit error
326 Fault: probing probing was cancelled because of a fault
cancelled
327 Fault: job cancelled job was cancelled becafiasgfault
328 Cutter comp error: jabjob was cancelled because of a cutter comp error
cancelled
329 Invalid parameter: jobjob was cancelled because of an invalid paramgter
cancelled
330 Canned cycle error: | job was cancelled because of a canned cycle error
job cancelled
332 Search Failed Run/Search was unable to findetipgested G-
code line
334 Locating position to | Run/Search is locating thelj continuation point i
resume job... the program
335 Emergency Stop Emergency Stop Button has been released
Released
336 Digitize cancelled ESCor CYCLE CANCEL pressed during
digitizing
337 Digitize complete A digitizing routine ran torapletion
338 Job Cancelled ESCor CYCLE CANCEL pressed during job run
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Error |Message Cause & Effect Action
339 Jogging... An axis jog key is pressed and nm&cisi moving
the corresponding axis
340 Limit (#__) cleared A previously tripped linsivitch is now in the
“untripped” position
341 Probing Cycle A probing cycle ran to completion
Finished
342 Waiting for motion tg PC is waiting for the MPU11 to complete motion
stop
343 Waiting for stop PC is waiting for the MPUL1 to reset the stop
reason reset reason (as part of the PC/MPU11 communicatipns
handshake).
344 Feedrate modified dud he effective feedrate has been lowered because
to spindle the spindle is spinning slower than the threshold
percentage of the commanded spindle speed. |(The
threshold percent is specified in P149.)
345 Waiting for spindle t¢ Job progress is paused until the actual spindle
get up to speed speed reaches the threshold percentage of the
commanded spindle speed. (The threshold
percentage is specified in P149.)
346 Waiting for spindle | Job progress is paused until the spindle turns the
direction commanded direction.

Abnormal stops (faults)
Abnormal stops are detected in the following orérC, servo drive, spindle drive, lube, ESTOP. sTihieans that if
both the servo drive and the spindle drive haviédduthe servo drive fault message would appear.

Number | Message Cause & Effect Action

401 PLC failure MPU11 stopped with PLC failure bit setCheck PLC fibers and PLC logic pow
detected Job cancelled.

404 Spindle drive MPU11 stopped with spindle drive fayltCheck inverter for fault or reset spind
fault detected bit set. Job cancelled. contactor OCR, then cycle

EMERGENCY STOP

405 Lubricant level | MPU11 stopped with low lube fault bit Add lube or check low lube switch

low set. Current job will finish but nothing | wiring then cycle EMERGENCY ST(Q
will work after that.

406 Emergency Stop MPU11 stopped with no fault bits set.| Release Estop
detected Job cancelled.

407 limit (#_) MPU11 stopped with limit switch Clear limit switch
tripped tripped. Job cancelled.

408 Programmed M103 time expired before M104 Find out why timer expired before
action timer encountered. Job cancelled. specified action was completed.
expired
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Number | Message Cause & Effect Action
409 _axis lag Lag Distance (Allowable Following | 1. If the problem is occasional heavy
Error) is detected on any axis for more cuts, slowing down the cutting feedrate
than 1.5 seconds. can solve the problem.
2. If the problem only occurs on high
All axis motion is stopped and the CNCspeed moves then either the maximym
program is aborted. The probable caussgeed or the acceleration is set too high.
of this error are: Lower the values in the Motor Setup
1. The machine is doing a very heavy| screen or run Autotune again to
cut. determine new values.
2. The maximum rates or the accelerg 3. If there are persistent lag errors in
values for the motors are set too high| normal operations, this indicates that
3.The motors are undersized for the | motors are too weak to handle the
application required loads. Increase the gear ratjos
or get more powerful motors.
410 __axis position | A position error > 0.25 inches is 1. Try to slow jog the motor and watgh
error detected on any axis. All axis motion isthe DRO position. If the position on
stopped, power to the motors is releasdde DRO goes opposite the direction
(all servo drive commands cease) and indicated on the jog button, then the
the CNC program is aborted. motor is wired up backwards. Changge
The probable causes of this error are; the motor wiring.
1. The motor is wired up backwards. | 2. Check the motor cabling paying
2. Noise is getting into the system via| particular attention to the ground
the motor cables (the line integrity has connections. Replace the cable if it ig
been violated). damaged or repair the motor
3. An encoder error occurred. connections.
3. Jog the motor awhile, at the
maximum rate, using the fast jog
buttons. (Check the fast jog rate in the
motor jog parameters screen to make
sure it is set equal to the maximum
motor rate.) If the motor seems to
jump around rather than accelerate and
decelerate smoothly then you are
probably fighting an encoder error.
Swap the motor with one from another
axis and see if the error follows the
motor. If it stays with the axis, replace
the MPU11. If it follows the motor,
replace the motor cable. If the problem

still persists, replace the motor and

encoder.
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Number

Message

Cause & Effect

Action

411

_axis full powel
without motion

90% Power (PID Output > 115) is
applied to any axis and no motion
>0.0005 inches is detected, for more
than the time specified in parameter §
(default .5 sec.). All axis motion is
stopped and the CNC program is
aborted.

The probable causes of this error are:

1. One of the axes is against a physicathen the software is commanding a

stop.

2. The servo drive has shutdown due
a limit switch input.

3. The Z home switch is the same as
Z + limit switch.

1. If the axis has run into a physical
stop, use the slow jog mode to move

land set software travel limits to stop
machine before in runs into the hard
stops.
2. If the axis is not on a physical stop
check for a tripped limit switch. If it is

move into the switch but the hardwar
tés shutting the move down. Go to the
motor setup screen and enter the lim
trewitch input number if applicable.

3. Make sure the switch input is not
unstable or noisy. If it is then replace
the switch. If the problem persists it
may be necessary to create separate
home and limit switch inputs.

Use slow jog to move opposite the
direction causing the error and clear
limit switches. Jog toward the directiq
causing the error, if no motion occurs

then a servo drive failure is indicated|

the axis away from the stop. Determine

it

all
n

er

412 __axis encoder | An error condition was detected in thg Reconnect/replace encoder or encod
differential error | differential signal levels for this axis | cable.
encoder. May indicate a loose or
severed encoder cable or a bad encoger.
This will stop all motion and cancel the
job.
417 Abnormal end | Job ended without reason.
of job
418 Search Line or | Requested search input data not foundType in correct data or load correct
Block not found | in loaded CNC file. job.
419 Search line in | Requested search line is found, but is| Use another line number
embedded part of an embedded/extracted
subprogram subprogram
420 __axis motor CNC software estimates that a motor | Contact dealer.
overheating has reached the warning temperature| Determine what's causing motor to
(set in Parameter 29). Motor is overheat or delete cnc.tem file and
overheating or the temperature file is | reboot.
corrupted. Job will be cancelled.
421 Motor(s) too CNC software estimates that one or | Contact dealer.
hot: job more motors have reached the limit | Determine what’s causing motor to
canceled temperature (set in Parameter 30). W|lloverheat or delete cnc.tem file and
not be able to run until motor cools reboot.
down.
422 Check Jog PanelJog panel failure or loose cable. Reconnect joglpzable.
cable
428 Check MPG MPG failure, loose cable, or was turnedkeconnect MPG cable and turn axis
cable off. selector knob to an axis.
434 _idling too Axis is not moving and no job is Run an autotune to adjust motor

high: Releasing
power

running but axis has stopped against
some abnormal resistance. Power is
released to motors.

settings.
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Number | Message Cause & Effect Action

435 __axis runaway:| Motor was in a runaway fault condition.Check motor wiring
Check motor Power to motor will automatically be
wiring shut off.

436 Servo drive This error message is produced by | On DC systems check status of the
shutdown hardware detection of a physical error. servo drive LED’s and check fibers

The servo drive hardware generates thi&&5. If this message is displayed on an
error message if it detects either an | AC system check P178 bit 4 is set.
overcurrent or overvoltage condition.

The particular hardware condition is

reflected on the servo drive LED'’s.

Once the servo drive detects this errof

condition it stops all motion and

removes power to the motors. The

hardware indicates the presence of this

condition to the CNC software via the

servo drive fault input to the PLC.

437 Servo power Axis was moving more than 300 RPM| Check motor wiring, servo drive, or

removed while power was supposed to be off. | look at Kg value in PID and make sure
1.) Motor may be wired backwards. | it's not above +/- 5.
2.) May be a shorted servo drive.
3.) Axis motion is canceled but motor
continues to move due to inertia, whigh
is probably caused by an unbalanced
axis.
Power to motors is released.

438 Spindle slave | The slaved axis moved too far in the | Check parameter 34 for wrong sign in
position error wrong direction during a spindle-slavediront of encoder counts.

move (such as in rigid tapping). Job ig
cancelled.

439 _axis servo Logic power failure or loss of Is logic LED on? Check fiber optic
drive data output communication from the drive to the | cables to drive. For SD1 drives, make
error MPU11. sure bus cables are shielded and are as

short as possible. Power unit down
and check drive connections.

441 _axis Input power has gone higher than Check input voltage is below 340VD(
overvoltage 340VDC and will shutdown the drive | If not, incoming VAC needs lowered.

and removes power. The motor brake
will engage for 5 seconds in this
condition.

442 _axis Drive input power is less than 80 VDG. Check supgitage.
undervoltage

443 __axis Control detected invalid commutation| Perform a motor Move Sync in the

commutation
encoder bad

zone value.

Drive menu. A Zero (0) or Seven (7)
is an invalid zone. Check for:

a.) Wiring problem in the encoder
cable or motor end cap (broken
encoder wires).

b.) Encoder cable shield connected &
motor end, when it shouldn’t be.
c.) Bad encoder.

d.) Motor power cable shields not
connected.

A\t

e.) Drive not grounded properly.
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444 _axis Drive overtemp sensor tripped. No The drive is being run at over capaci
overtemperaturg motor power. or the cooling fan is either not
detected functioning or its air flow is blocked.

445 _axis Overcurrent detected on an axis. Try to jog the axis. The drive will
overcurrent No motor power. reset the current limit and try to move
detected the motor. If the error comes back,

check for a short in the motor output,
446 __axis servo Communication Checksum error. Check fiber optic cables. Verify

drive data input
failure

No motor power.

continuity between drive chassis,
ground strip and Earth ground.

y

1Y

1%

1%

447 __axis (#) bad | Noise picked up by encoder cable or | Remove noise or align the encoder.
index pulse misaligned encoder. No motor power.
detected
449 Manual Unexpected movement of manual axis Physically lock the Z axis manual
movement detected when Z axis summing is quill.
detected in active.
restricted area
450 Voltage brake | Overvoltage condition was detected. | Usually this error condition is
applied Electronic braking was applied by innocuous even if this message occy
offloading excess voltage to dropping| every once in a while in a job.
resistors. However, if this message occurs in @
continuous stream, contact your dea
451 Current brake | Overcurrent spike was detected on theUsually this error condition is
applied drive. innocuous even if this message occu
every once in a while in a job.
However, if this message occurs too
often, it may mean you need a highe
current drive. But, if this message
appears in a continuous stream,
something is seriously wrong, and ya@
should hit E-Stop to cut power to the
drive and then contact your dealer.
452 PC Receive A fatal communication error occurred | Restart the software to clear the erro
Data Error between the MPU and PC. The error| If this error occurs often there may b
was detected on the PC side. an issue with the network
configuration or the Ethernet cable.
453 CPU Receive | A fatal communication error occurred | Restart the software to clear the erro
Data Error between the MPU and PC. The error| If this error occurs often there may b
was detected on the MPUL11 side an issue with the network
configuration or the Ethernet cable.
453 Jogging while | The probe was in the tripped state while
probe detected | a jog key was pressed.
454 axis scale An error condition was detected in thg Reconnect/replace scale encoder or
encoder differential signal levels for this axis | scale encoder cable.
differential error | scale encoder. May indicate a loose |or
severed encoder cable or a bad encoger.
This will stop all motion and cancel the
job.
455 axis encoder The axis encoder skipped a transition| Reconnect/replace encoder or encog

quadrature error

state on its count-up/count-down

sequence. May indicate a bad encod
or a loose or severed encoder cable.
This will stop all motion and cancel th

cable.

er

11%

job.

er
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Number | Message Cause & Effect Action
456 axis scale The scale encoder skipped a transitionReconnect/replace scale encoder or
encoder state on its count-up/count-down scale encoder cable.

quadrature error

sequence. May indicate a bad encod
or a loose or severed encoder cable.
This will stop all motion and cancel th
job.

er

11%

457 Unable to find | A commanded move was seeking eithdReconnect/replace encoder or encod

home an index pulse or a hard stop, but cable if move was seeking an index
neither was found. pulse. Check that hard stop was not
broken off nor overrun.

459 TT1 or Probe is| A Tool Measure operation aborted Check TT1 or Probe wiring and plug.
not connected | because the required TT1 or Probe is

not connected.

460 TT1 and Probe | A Tool Measure operation aborted Make sure TT1 and Probe are not
are both because both a TT1 and Probe were | plugged in at the same time. Also
connected connected. check wiring.

461 Spindle axis is | An operation aborted because the Contact dealer.
not set spindle axis parameter (P35) has an

incorrect value.

462 Triangular A triangular rotary axis (on a tilt table | Contact dealer.
Rotary Axis Out | or articulated head machine) is at a
of Range position which is out of range for

angular calculation.

470 brake wattage | The brake wattage was exceeded on th@ontact dealer.
exceeded indicated ACDC drive.

487 Invalid tilt table | One or more values in the tilt table Contact dealer.
parameters configuration is incorrect.

CNC syntax errors

Number | Message Cause & Effect Action
501 Invalid character on | Invalid character on CNC line. Job cancelld@emove character from
line NNNNN program.
502 Invalid G code on ling Invalid G code encountered on CNC line.| Correct invalid G-code.
NNNNN Job cancelled.
503 Invalid M function on | Invalid M function encountered on CNC lif Correct invalid M-code.
line NNNNN Job cancelled.
504 Invalid parameter on | Invalid or missing number after letter. Joy Correct program.
line NNNNN cancelled.
505 Invalid value on line | Value out of range (T, H, D). Job cancelled. ~Cdrprogram.
NNNNN
506 Only 1 M code per lineMore than one M code appears on the lineMove 2 M-code to next
Job cancelled. line.
507 No closing quote The closing quotation markgnissing. | Add quotation.
Job cancelled.
508 Macro nesting too degplacro nesting limit exceeded on attempt tdCreate a second program,
invoke a subroutine. Job cancelled.
509 Option not available Attempt to access a lodatlvare option. | Contact Dealer.
Job cancelled.
510 Too many macro arg’s Too many arguments warengh a G65 | Correct number of

macro. Job cancelled.

arguments.
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Number | Message Cause & Effect Action
511 Missing parameter A parameter is required peeted but not| Correct program.
found. Job cancelled.
513 Expected=" Error in expression to left of “=", missing | Correct equation.
“=", or orphaned parameter. Job cancelled.
514 Empty expression The expression contains naps. Job | Correct expression.
cancelled.
515 Syntax error in lllegal character in number, variable or | Correct program.
expression function. Job cancelled.
516 Unmatched bracket | Brackets or parentheses are paired Correct program.
(parenthesis) improperly or misplaced. Job cancelled.
517 Evaluation stack Brackets or parentheses are nested too | Correct program.
overflow deeply. Job cancelled.
518 Undefined variable The variable name does xist.eJob Correct program.
cancelled.
519 Too many variables The space allotted for dedined variables Correct program.
has been exceeded. Job cancelled.
520 Invalid variable name| The variable name costamillegal Correct program.
character. Job cancelled.
521 Divide by zero Attempt to divide by zero. Jamncelled. Correct program.
522 Domain error Imaginary number would result éggguoot| Correct program.
of a negative number). Job cancelled.
523 Invalid value in Attempt to assign an illegal value to a Correct program.
assignment system variable. Job cancelled.
524 Variable is read-only |  Attempt to assign a vatuea read-only Correct program.
systemvariable. Job cancelled.
525 Missing P value P parameter is expected butssing Correct program.
526 M22x Missing initial | M224 or M225 was not immediate followedSee Chapter 13 for synta
variable by a #variable reference. of M224 or M225
527 M22x initial variable | M224 or M225 was immediate followed by Correct program.
parse error an invalid #variable reference.
528 M225 String variable | M225 was immediately followed by a stringCorrect program.
not allowed #variable (which is invalid). Only numeric
variables are allowed here.
529 M225 invalid variable| The #variable specifiégiathe M225 was | Correct program.
not valid, or not readable due to a machine
error.
530 M224 invalid variable| The #variable specifiégiathe M224 was| Correct program.
read-only, or not writeable due to a machine
error.
531 M22x missing initial | The beginning of the quoted (*) format See Chapter 13 for synta
guote string was not found or was in the wrong | of M200, M223, M224 or
place on the G-code line. M225
532 M22x missing end The format string did not end with a quotg See Chapter 13 for synta
guote @) of M200, M223, M224 or
M225
533 M22x embedded quoteThe format string contained a quote (*) in| See Chapter 13 for synta
not allowed the middle of it. of M200, M223, M224 or
M225
534 M22x character limit | The format string was too long Correct program.
exceeded
535 M22x invalid format | The format string contained invalid format Correct program.
string codes
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Number

Message

Cause & Effect

Action

536

M22x missing format
specifier

The format code was missing the its
specifier

Correct program.

537 M22x Missing A format code was specified in the format Correct program.
Argument string, but its corresponding #variable
argument was missing
538 M22x argument parse A format code was specified in the format Correct program.
error string, but its corresponding #variable
argument had a syntax error
539 M22x variable type | A string format code was specified in the | Correct program.
mismatch format string, but its corresponding
#variable argument was numeric OR a
numeric format code was specified in the
format string, but its corresponding
#variable argument was a string

540 M22x variable cannot| A format code was specified in the format Correct program.

be read string, but its corresponding #variable
argument was invalid or there was a
machine error when accessing it.

542 M22x character limit | The resultant formatted string after all the| Correct program.

exceeded format codes were processed was too long.

543 Missing L parameter L code was missing Corpeatjram.

544 Too many axes More than 1 axis was specifitld ML28, | Specify fewer axes on the
OR the Simultaneous Contouring feature i$5-code line OR Contact
not enabled. Without the Simultaneous | Dealer for information
Contouring feature, a maximum of 3 axes about obtaining the
are allowed per G-code line. Simultaneous Contouring

feature.

545 Value out of range Parse error occurred beocalse was out | Correct the value
of range

547 Move by counts not | Cutter comp (G41/G42) was on when M1R&sue G40 (Cutter comp

allowed was specified off) before issuing M128

548 String too long A quoted string was too longuaily a file | Shorten the file name.
name was longer than its allowed limit).

549 Line too long A line in a G/M-code programas tong Shorten the line.

(more than 1023 characters).

550 Invalid L parameter The value associated wighlt code is Give the correct value.
invalid

551 Invalid R value The value associated with theoBe is Give the correct value.
invalid

552 File encryption error Error while parsing emtad G-code file.

Cutter compensation errors

Number Message Cause & Effect Action
601 Error: no compensation in| G41 or G42 entered in MDI. MDI is not Do not use G41 or G42
MDI canceled, but cutter compensation does N@TMDI.
go into effect. Remainder of line processed.
603 Arc as first uncomp. move (¢ Arc specified as first move after end of First move after G40

line NNNNN

compensation (G40). Job cancelled.

must be a linear move.

604

Plane must be XY on line
NNNNN

Cutter compensation started with YZ or Z
plane selected. Job cancelled.

XRemove cutter comp. f
YZ or ZX plane moves
option is not available.
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Number

Message

Cause & Effect

Action

605

Canned cycle not allowed
line NNNNN

piICanned cycle attempted during
compensation. Job cancelled.

Do not use cutter comp.
with canned cycles.

606 G53 not allowed on line G53 attempted during compensation. Job| Choose a different work
NNNNN cancelled. coordinate.

607 Set home not allowed on lin®26 attempted during compensation. Job| Do not use M26 with
NNNNN cancelled. cutter comp.

608 Ref. point move not allowedG28, G29, or G30 attempted during Do not use return points

on line NNNNN

compensation. Job cancelled.

with cutter comp.

Parameter setting errors

Number Message Cause & Effect Action
701 G10 error: no R-value on line G10 used with no R-value. Job Input an R-value.
NNNNN cancelled.
702 G10 error: invalid D on line NNNNN  Job canedl(DO cannot be set; it(i<Change D to a valid
always zero). value.
703 G10 error: invalid H on line NNNNN G10 HO Rsgecified. Job canceledChange H to a valid
(HO cannot be set; it is always zerpyalue.
704 G10 error: invalid P on line NNNNN  G10 usedhainknown P viaie. Jolf Change P to a valid
cancelled. value.
705 G10 error: No D, H, or P on line G10 used without D, H, or P to Add appropriate D, H,
NNNNN assign value. Job cancelled. or P value.

Canned cycle errors

Number Message Cause & Effect Action

801 Error: No R point on line No R-value specified. Job cancelled. Add an R-point
NNNNN

802 Error: Q =0 on line NNNNN Q value of 0 spemdf (Q used for G73 andInsert a Q non-zero

G83 only). Job cancelled. value.

803 Error: No Z point on line No Z value specified for canned cycle. JolA\dd a Z-value.
NNNNN cancelled.

804 Error: Ggg invalid on line Unimplemented canned cycle requested| Change to a valid G-
NNNNN (gg = 76, 86, 87, 88) | cancelled. code.

805 Error: No Q value on line Q value not specified for G73 or G83. Jablnsert a Q-value.
NNNNN cancelled.

806 Error: No P value on line P value (dwell time) not specified for G82 Add a P-value.
NNNNN or G89. Job cancelled.

807 Error: Cannot execute G__ wh On an Articulated Head machine with Either move B to 0 of

axis B is rotated

TWCS feature enabled, a non-compounc
canned cycle (such as G73, G74, G76, (
G81, G82, G83, G84, G85, G89) was &
on a WCS that was set to TWCS=No wh
the spindle head was tilted (iretary B axi
was not 0). Job cancelled.

l issue the compound

58@nned cycle version
wf the erroneous G-

ileode such as G173,
G174, G176, G181,
G182, G183, G184,
G185, G189.
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Miscellaneous errors / messages

Number | Message Cause & Effect Action
901 Ref. point invalid on | G30 with invalid P value (must be 1 or 2). Change P-value to a 1 or 2.
line NNNNN Job cancelled.
902 No prior G28 or G30 | G29 with no preceding G28 or G30. Add a G29 or G30.
on line NNNNN
903 Warning: No G92 with no axis coordinates to set. Add coordinates.
coordinates for G92 | Remainder of line processed; job
on line NNNNN continues.
905 Warning: 0 radius arc| Arc move was specified with a zero radiusSpecify a radius.
on line NNNNN Move is done as a linear move; job
continues.
906 Warning: unknown argPosition of arc move could not be Correct program.
on line NNNNN determined from parameters (e.g. G91 G2
X0 YO0 R1). Move is done as a linear
move; job continues.
907 _axis travel exceeded Software travel limit would be exceeded | Check program, part zero
on line NNNNN by the requested move. Job cancelled. | or tool offset.
909 Program too long: job Attempt to run a job over 1MB in length, | Contact Dealer or break uf
canceled without the unlimited program size option.program.
Job cancelled.
910 No subroutines in Specified 09100 - 09999 in MDI, which
MDI would begin an embedded subprogram.
MDI cancelled.
911 lllegal recursion Attempt to execute a subpaogor macro| Call correct subprogram.
that calls itself, either directly or indirectly.
Job cancelled.
913 Could not open file | Attempt to call a subprogram or macro, butlake sure file name is
filename.ext the subprogram file does not exist. Job | correct and is in the ncfiles
cancelled. directory.
915 DSP window retry sN| DSP window checking failed, move will be
fN rN repeated unless the maximum retries have
been reached, s = number of successes; f =
number of failures, r = number of times the
maximum retry value has been reached
916 Unexpected probe probed tripped when a cycle did not
contact expected contact
917 Invalid tilt lookup The tilt lookup table file (tilt.tab) has an
table invalid format or if it is not found
918 Probe unable to detectProbe travelled maximum distance withqut
surface contact, dsp window checking failed, or
probe repeatability failed.
919 DSP window failed | DSP probe reached the maximum retry
maximum retries limit without a successful window
920 Unable to clear Probing cycle failed to clear an obstacle
obstacle
921 Unable to determine | Probing cycle failed to find corner (insidg
corner and outside corner)
922 Out of memory problem allocating memory
923 Error: Z home not setl Z home is not set
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Number

Message

Cause & Effect

Action

924

File read error

Problem reading the job fités error
occurs if the file was opened successfull
but there was an error while reading the
file.

925 Error reading job file | same as above at amiffeplace in the
code
926 Failed to locate job | Job continuation from the Run Menu Do a Run/Search
continuation position | failed.
927 Too many subprogramNesting level of subprograms is too high
calls l.e. a subprogram calls another subprogram
which calls another subprogram, which
calls another subprogram, etc...
928 Error Loading Log There was an error while loading the log
Configuration file... configuration file. Default settings will be
Using defaults used.
929 Log Level setto The logging level param@®dr40) has
been changed.
930 Log Level The log level configuration file was not
Configuration file not | found. A default file will be created.
found... Creating new
configuration.
932 Error during Tool A general error condition occurred when
Check the Tool Check key was pressed.
933 Log file initialized There was an error in triimg the log file,
or the log file did not exist, so a new log
file has been created.
934 Warning: Excess A CNC program is using axis positioningl Contact Dealer for
precision truncated precision greater than what is displayed,| information about obtaining
and therefore the actual commanded the Simultaneous
positions are truncated. This happens | Contouring feature.
when the Simultaneous Contouring feature
was not enabled. This feature must be
enabled for the extra precision to be
acknowledged.
935 _axis (#) scale A scale is enabled for this axis but Home the machine.
disabled compensation was disabled. Scale
compensation is disabled at initial power
up, configuration changes, and during
homing moves.
935 Probe failed reset Probe failed to reset after 3 tries. The | Move probe further away
retries probing operation may have been started from surface and do
too close to the surface. probing operation again. i
this continues to fail
persistently, call dealer.
936 __axis (#) scale A scale is enabled for this axis and Not Applicable
enabled compensation was enabled. This happens
after homing the axis.
936 Probe failed to reset Probe failed to reséie grobing Move probe further away
operation may have been started too clos&om surface and do
to the surface. probing operation again. |
this continues to fail
persistently, call dealer.
944 MPU requested resend The MPU requested a resend Status Message
945 PC requested resend The PC requested a resend tatus Message
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Number | Message Cause & Effect Action

946 PC resending The PC is resending Status Message

947 PC received data out| The PC needed to reorder data received Status Message

of order from the MPU

948 PC packet error The PC received bad data fnenvittu Status Message
and will try to recover by requesting a
resend.

949 Drive map does not | One or more of the drive mapping Contact Dealer.

match hardware

parameters 300-307 is misconfigured

Scaling/Mirroring errors

Error Message Cause & Effect Action

1001 Invalid scaling Invalid parameter specified (I, J, K, P). Jolh Remove or change invalid
parameter on line cancelled. parameter.
NNNNN

1002 Invalid scaling center| Invalid parameter specified (X, Y, Z). Job | Remove or change invalid
on line NNNNN cancelled. parameter.

1003 G-code not allowed | G28/G29/G30/G92 is not allowed when | Move G-code to appropria
when scaling on line | scaling or mirroring is turned on. Job line.
NNNNN cancelled.

1004 Turn scaling off beforgTried to rescale while scaling is turned on{ Turn scaling off, then
rescaling Job cancelled. rescale.

1005 Cannot scale arcs withScaling factors of the arc axes are differentCorrect scaling factors, or
different scale factorsw Job cancelled. separate scaling operatior

1100-1199| Custom messages defineccimcxmsg.txtPlease contact your dealer if you have any questi

regarding a particular message. This style of agesshould be replaced with plcmsg.txt format

MPU11 systems.

Configuration Modification messages

Number | Message Cause & Effect

111 modified: __ > An axis configurationgoraeter was modified.

444 ___modified: > A servo drive configuoatiparameter was modified.

555 ___modified: > A PID configuration paeter was modified.

556 Axis __ converted: -> A PID configuratipsrameter was converted.

777 ___modified: > An axis configuration graeter was modified.

888 G30 Z modified: > Z coordinate of Sea@mdreference Point was modified.
999 Parm # modified: > A machine parame&t modified.
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