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SINUMERIK documentation
The SINUMERIK documentation is organized in the following categories:
® General documentation
® User documentation

o Manufacturer/service documentation

Additional information

You can find information on the following topics at www.siemens.com/motioncontrol/docu:

® Ordering documentation/overview of documentation
e Additional links to download documents
® Using documentation online (find and search in manuals/information)

Please send any questions about the technical documentation (e.g. suggestions for
improvement, corrections) to the following address:

docu.motioncontrol@siemens.com

My Documentation Manager (MDM)

Under the following link you will find information to individually compile OEM-specific
machine documentation based on the Siemens content:

www.siemens.com/mdm

Training
For information about the range of training courses, refer under:

® www.siemens.com/sitrain

SITRAIN - Siemens training for products, systems and solutions in automation technology
® www.siemens.com/sinutrain

SinuTrain - training software for SINUMERIK

FAQs

You can find Frequently Asked Questions in the Service&Support pages under Product
Support. http://support.automation.siemens.com
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Target group

Benefits

Standard scope

Terms

You can find information on SINUMERIK under the following link:

www.siemens.com/sinumerik

This documentation is intended for users of milling machines running the SINUMERIK
Operate software.

The operating manual helps users familiarize themselves with the control elements and
commands. Guided by the manual, users are capable of responding to problems and taking
corrective action.

This documentation describes the functionality of the standard scope. Extensions or changes
made by the machine manufacturer are documented by the machine manufacturer.

Other functions not described in this documentation might be executable in the control.
However, no claim can be made regarding the availability of these functions when the
equipment is first supplied or in the event of servicing.

Furthermore, for the sake of clarity, this documentation does not contain all detailed
information about all types of the product and cannot cover every conceivable case of
installation, operation or maintenance.

The meanings of some basic terms used in this documentation are given below.

Program

A program is a sequence of instructions to the CNC which combine to produce a specific
workpiece on the machine.

Contour

The term contour refers generally to the outline of a workpiece. More specifically, it refers to
the section of the program that defines the outline of a workpiece comprising individual
elements.

Cycle

A cycle, e.g. milling a rectangular pocket, is a subprogram defined in SINUMERIK Operate
for executing a frequently repeated machining operation.
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Technical Support

You will find telephone numbers for other countries for technical support in the Internet under
http://www.siemens.com/automation/service&support
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Introduction

1.1 Product overview

The SINUMERIK controller is a CNC (Computerized Numerical Controller) for machine tools.

You can use the CNC to implement the following basic functions in conjunction with a

machine tool:

Operating areas

The basic functions are grouped in the following operating areas in the controller:

Creation and adaptation of part programs

Execution of part programs

Manual control

Access to internal and external data media

Editing of data for programs

Management of tools, zero points and further user data required in programs

Diagnostics of controller and machine

Operating areas
Execute part programs, manual control -> MACHINE
Editing of data for programs/ PARAMETER
Tool management
Creating and adapting of part programs » PROGRAM
Access to internal and external data media PROGRAM
MANAGER
Alarm display, Service display » DIAGNOSIS
Adapting of the NC data to the machine, START-UP
system setting
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1.2 Operator panel fronts

1.2 Operator panel fronts
1.2.1 Overview
Introduction

The display (screen) and operation (e.g. hardkeys and softkeys) of the SINUMERIK Operate
user interface use the operator panel front.

In this example, the OP 010 operator panel front is used to illustrate the components that are
available for operating the controller and machine tool.

Operator controls and indicators

(1) 2 ®) (4)

v |
SINUMERIK I

=
o
[
]
4
]
B (6)
(5) i
- u )
T EEEEEEEN E .
= ®)
9)
(13) (12) (11) (10)
Status LED: POWER
2 Status LED: TEMP
(illuminated LEDs indicate increased wear)
3 Alphabetic key group
4 Numerical key group
5 Softkeys
Milling

20 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Introduction

6 Control key group

7 Hotkey group

8 Cursor key group

9 USB interface

10 Menu select key

11 Menu forward button
12 Machine area button
13 Menu back key
Figure 1-1

References

1.2 Operator panel fronts

View of OP 010 operator panel front

A more precise description as well as a view of the other operator panel fronts that can be
used may be found in the following reference:

Operator Components and Networking Manual; SINUMERIK 840D sl/840Di sl

1.2.2 Keys of the operator panel

The following keys and key combinations are available for operation of the controller and the
machine tool.

Keys and key combinations

Key

o

<
ALARM
CANCEL

1...n

CHANNEL

@

HELP

Milling
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Function

<ALARM CANCEL>
Cancels alarms and messages that are marked with this symbol.

<CHANNEL>
Advances for several channels.

<HELP>
Calls the context-sensitive online help for the selected window.
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22

NEXT
WINDOW

=Y
WINDOW SHIFT

NEXT ALT
WINDOW

(s lem
WINDOW

Bl lom| | £
WINDOW SHIFT
&

PAGE

up

=+ O

PAGE
up

SHIFT

<NEXT WINDOW> *
e Toggles between the windows.

e For a multi-channel view or for a multi-channel functionality,
switches within a channel gap between the upper and lower
window.

e Selects the first entry in selection lists and in selection fields.
e Moves the cursor to the beginning of a text.

* on USB keyboards use the <Home> or <Pos 1> key

<NEXT WINDOW?> + <SHIFT>

o Selects the first entry in selection lists and in selection fields.
e Moves the cursor to the beginning of a text.

e Selects a contiguous selection from the current cursor position
up to the target position.

e Selects a contiguous selection from the current cursor position
up to the beginning of a program block.

<NEXT WINDOW> + <ALT>

e Moves the cursor to the first object.

e Moves the cursor in the first column of a table row.

e Moves the cursor to the beginning of a program block.

<NEXT WINDOW> + <CTRL>
¢ Moves the cursor to the beginning of a program.
¢ Moves the cursor in the first row of the current column.

<NEXT WINDOW> + <CTRL> + <SHIFT>
e Moves the cursor to the beginning of a program.
e Moves the cursor in the first row of the current column.

e Selects a contiguous selection from the current cursor position
up to the target position.

¢ Selects a contiguous selection from the current cursor position
up to the beginning of the program.

<PAGE UP>
Scrolls upwards by one page in a window.

<PAGE UP> + <SHIFT>

In the program manager and in the program editor from the cursor
position, selects directories or program blocks up to the beginning
of the window.
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<PAGE UP> + <CTRL>

(<= -
PAGE CTRL Positions the cursor to the topmost line of a window.
= <PAGE DOWN>
e Scrolls downwards by one page in a window.
= ﬁ <PAGE DOWN> + <SHIFT>
e * SHIET In the program manager and in the program editor, from the cursor
position, selects directories or program blocks up to the end of the
window.
<PAGE DOWN> + <CTRL>
=+ " i i
e Positions the cursor to the lowest line of a window.
<Cursor right>
> ¢ Editing box
Opens a directory or program (e.g. cycle) in the editor.
o Navigation
Moves the cursor further to the right by one character.
<Cursor right> + <CTRL>
> | *|cmR o Editing box
Moves the cursor further to the right by one word.
¢ Navigation
Moves the cursor in a table to the next cell to the right.
<Cursor left>
4 o Editing box
Closes a directory or program (e.g. cycle) in the program editor.
If you have made changes, then these are accepted.
¢ Navigation
Moves the cursor further to the left by one character.
<Cursor left> + <CTRL>
4| [ e Editing box

Moves the cursor further to the left by one word.
o Navigation

Moves the cursor in a table to the next cell to the left.

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 23



Introduction

1.2 Operator panel fronts

<Cursor up>
|Z| o Editing box
Moves the cursor into the next upper field.
¢ Navigation

— Moves the cursor in a table to the next cell upwards.
— Moves the cursor upwards in a menu screen.

<Cursor up> + <CTRL>
A * |CTRL e Moves the cursor in a table to the beginning of the table.
¢ Moves the cursor to the beginning of a window.

<Cursor up> + <SHIFT>

In the program manager and in the program editor, selects a
contiguous selection of directories and program blocks.

SHIFT

<Cursor down>

v o Editing box
Moves the cursor downwards.

o Navigation
— Moves the cursor in a table to the next cell downwards.
— Moves the cursor in a window downwards.

<Cursor down> + <CTRL>

v * |CTRL o Navigation

— Moves the cursor in a table to the end of the table.
— Moves the cursor to the end of a window.

e Simulation
Reduces the override.

<Cursor down> + <SHIFT>

In the program manager and in the program editor, selects a
contiguous selection of directories and program blocks.

\ ARIES

SHIFT

<SELECT>
Q

SRECT Switches between several specified options in selection drop-down
list boxes and in selection boxes.

Activates checkboxes.

In the program editor and in the program manager, selects a
program block or a program.

Milling
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<SELECT> + <CTRL>

s%)m | CTRL When selecting table rows, switches between selected and not
selected.
<SELECT> + <SHIFT>

Sg[)m * sﬁT Selects in selection lists and in selection fields the previous entry
or the last entry.
<END>

END

Moves the cursor to the last entry field in a window, to the end of a
table or a program block.

Selects the last entry in selection lists and in selection fields.

ﬁ <END> + <SHIFT>
END | SHIFT Moves the cursor to the last entry.

Selects a contiguous selection from the cursor position up to the
end of a program block.

<END> + <CTRL>

Moves the cursor to the last entry in the last line of the actual
column or to the end of a program.

END + | CTRL

<END> + <CTRL> + <SHIFT>
END +|CTRL| * G

<mer | Moves the cursor to the last entry in the last line of the actual
column or to the end of a program.

Selects a contiguous selection from the cursor position up to the
end of a program block.

<BACKSPACE>
4—
BACKSPACE ° Editing box
Deletes a character selected to the left of the cursor.
o Navigation
Deletes all of the selected characters to the left of the cursor.
— <BACKSPACE> + <CTRL>
BACKSPACE * | CTRL o Editing window

Deletes a word selected to the left of the cursor.

¢ Navigation
Deletes all of the selected characters to the left of the cursor.
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—>|
l¢—
TAB
— O
TAB SHIFT
—>|
le— CTRL
TAB
—>|
le— CTRL G
TAB SHIFT
CTRL A
CTRL C
CTRL E
CTRL F
CTRL G
CTRL L

<TAB>
¢ In the program editor, indents the cursor by one character.

¢ Inthe program manager, moves the cursor to the next entry to
the right.

<TAB> + <SHIFT>
¢ In the program editor, indents the cursor by one character.

¢ In the program manager, moves the cursor to the next entry to
the left.

<TAB> + <CTRL>

¢ In the program editor, indents the cursor by one character.

¢ In the program manager, moves the cursor to the next entry to
the right.

<TAB> + <SHIFT> + <CTRL>

¢ Inthe program editor, indents the cursor by one character.

¢ In the program manager, moves the cursor to the next entry to
the left.

<CTRL> + <A>

In the actual window, selects all entries (only in the program editor
and program manager).

<CTRL> + <C>
Copies the selected content.

<CTRL> + <E>
Calls the "Ctrl Energy" function.

<CTRL> + <F>

Opens the search dialog in the machine data and setting data lists,
when loading and saving in the MDI editor as well as in the
program manager and in the system data.

<CTRL> + <G>

e Switches in the program editor for ShopMill or ShopTurn
programs between the work plan and the graphic view.

¢ Switches in the the parameter screen between the help display
and the graphic view.
<CTRL> + <L>

Scrolls the actual user interface through all installed languages one
after the other.
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‘ CTRL ‘ +

SHIFT
CTRL| *| P
CTRL| *| S
CTRL| *| V
CTRL| *| X
CTRL| *| Y
CTRL| *| Z
CTRL| *+| ALT
CTRL| *| ALT
CTRL| *| ALT

Milling
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<CTRL> + <SHIFT> + <L>

Scrolls the actual user interface through all installed languages in
the inverse sequence.

<CTRL> + <P>

Generates a screenshot from the actual user interface and saves it
as file.

<CTRL> + <S>
Switches the single block in or out in the simulation.

<CTRL> + <V>
o Pastes text from the clipboard at the actual cursor position.
o Pastes text from the clipboard at the position of a selected text.

<CTRL> + <X>
Cuts out the selected text. The text is located in the clipboard.

<CTRL> + <Y>

Reactivates changes that were undone (only in the program
editor).

<CTRL> + <Z>
Undoes the last action (only in the program editor).

<CTRL> + <ALT> + <C>

Creates a complete standard archive (.ARC) on an external data
carrier (USB-FlashDrive) (for 840D sl / 828D).

Note:
Please refer to the machine manufacturer's specifications.
<CTRL> + <ALT> + <S>

Creates a complete standard archive (.ARC) on an external data
carrier (USB-FlashDrive) (for 840D sl).

Creates a complete Easy Archive (.ARD) on an external data
carrier (USB-FlashDrive) (for 828D).

Note:
Please refer to the machine manufacturer's specifications.
<CTRL> + <ALT> + <D>

Backs up the log files on the USB-FlashDrive. If a USB-FlashDrive
is not inserted, then the files are backed-up in the manufacturer's
area of the CF card.
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i

+ ALT‘ +
SHIFT
B +|ar| ¢
SHIFT
D +lema| +
SHIFT
ALT| +| s
AT +| A
AT +|'V
DEL
DEL | +|CTRL
L
+

<SHIFT> + <ALT> + <D>

Backs up the log files on the USB-FlashDrive. If a USB-FlashDrive
is not inserted, then the files are backed-up in the manufacturer's
area of the CF card.

<SHIFT> + <ALT> + <T>
Starts "HMI Trace".

<SHIFT> + <ALT> + <T>
Exits "HMI Trace".

<ALT> + <S>
Opens the editor to enter Asian characters.

<ALT> + <Cursor up>
Moves the block start or block end up in the editor.

<ALT> + <Cursor down>
Moves the block start or block end down in the editor.

<DEL>
o Editing box

Deletes the first character to the right of the cursor.
e Navigation

Deletes all characters.

<DEL> + <CTRL>
o Editing box

Deletes the first word to the right of the cursor.
¢ Navigation

Deletes all characters.

<Spacebar>

o Editing window
Inserts a space

o Switches between several specified options in selection drop-
down list boxes and in selection boxes.

<Plus>
¢ Opens a directory which contains the element.
¢ Increases the size of the graphic view for simulation and traces.
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SHIFT
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<Minus>
o Closes a directory which contains the element.
e Reduces the size of the graphic view for simulation and traces.

<Equals>
Opens the calculator in the entry fields.

<Asterisk>
Opens a directory with all of the subdirectories.

<Tilde>
Changes the sign of a number between plus and minus.

<INSERT>

¢ Opens an editing window in the insert mode. Pressing the key
again, exits the window and the entries are undone.

e Opens a selection box and shows the selection possibilities.

¢ In the machining step program, enters an empty line for G code.

¢ Changes into the double editor or into the multi-channel view
from the edit mode into the operating mode. You can return to
the edit mode by pressing the key again.

<INSERT> + <SHIFT>

For G code programming, for a cycle call activates or deactivates
the edit mode.

<INPUT>
e Completes input of a value in the entry field.
e Opens a directory or a program.

¢ Inserts an empty program block if the cursor is positioned at the
end of a program block.

e Inserts a character to select a new line and the program block is
split up into two parts.

¢ Inthe G code, inserts a new line after the program block.
¢ In the machining step program, inserts a new line for G code e

e Changes into the double editor or into the multi-channel view
from the edit mode into the operating mode. You can return to
the edit mode by pressing the key again.
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PROGRAM

OFFSET

PROGRAM
MANAGER

>

A\

—

M

—_
MACHINE

MENU
SELECT

<ALARM> - only OP 010 and OP 010C
Calls the "Diagnosis" operating area.

<PROGRAM> - only OP 010 and OP 010C
Calls the "Program Manager" operating area.

<OFFSET> - only OP 010 and OP 010C
Calls the "Parameter" operating area.

<PROGRAM MANAGER> - only OP 010 and OP 010C
Calls the "Program Manager" operating area.

Menu forward key
Advances in the extended horizontal softkey bar.

Menu back key
Returns to the higher-level menu.

<MACHINE>
Calls the "Machine" operating area.

<MENU SELECT>
Calls the main menu to select the operating area.
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1.3

1.3.1

1.3.2

Overview

Milling

1.3 Machine control panels

Machine control panels

Overview

The machine tool can be equipped with a machine control panel by Siemens or with a
specific machine control panel from the machine manufacturer.

You use the machine control panel to initiate actions on the machine tool such as traversing
an axis or starting the machining of a workpiece.

Controls on the machine control panel

In this example, the MCP 483C IE machine control panel is used to illustrate the operator
controls and displays of a Siemens machine control panel.

(1) 2 3 @ 6 ® () (8) 9 (10

1 7 = EMERGENCY STOP button

Activate the button in situations where

o life is atrisk.

o there is the danger of a machine or workpiece being damaged.

All drives will be stopped with the greatest possible braking torque.
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3%

4

RESET

Bl)

SINGLE
BLOCK

10000

Machine manufacturer

For additional responses to pressing the Emergency Stop button, please
refer to the machine manufacturer's instructions.

Installation locations for control devices (d = 16 mm)
RESET

e Stop processing the current programs.
The NCK control remains synchronized with the machine. Itis in its initial
state and ready for a new program run.

e Cancel alarm.

Program control
<SINGLE BLOCK>
Single block mode on/off.

<CYCLE START>

The key is also referred to as NC Start.
Execution of a program is started.
<CYCLE STOP>

The key is also referred to as NC Stop.
Execution of a program is stopped.
Operating modes, machine functions
<JOG>

Select "JOG" mode.

<TEACH IN>
Select "Teach In" submode.

<MDI>
Select "MDI" mode.

<AUTO>
Select "AUTO" mode.

<REPOS>
Repositions, re-approaches the contour.

<REF POINT>
Approach reference point.

Inc <VAR>(Incremental Feed Variable)
Incremental mode with variable increment size.

Inc (incremental feed)

Incremental mode with predefined increment size of 1, ..., 10000
increments.
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(6)

@)

®)

©)

(10)

x|
7|
+

RAPID

@

WCS MCS

| ()

SPINDLE
STOP

—ho
SPINDLE
START

FEED
§TOP

FEED
START

Figure 1-2

Milling
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1.3 Machine control panels

Machine manufacturer

A machine data code defines how the increment value is
interpreted.

Customer keys

T1to T15

Traversal axes with rapid traverse superposition and coordinate exchange
Axis keys

Selects an axis.

Direction keys
Select the traversing direction.

<RAPID>
Traverse axis in rapid traverse while pressing the direction key.

<WCS MCS>
Switches between the workpiece coordinate system (WCS) and machine
coordinate system (MCS).

Spindle control with override switch
<SPINDLE STOP>
Stop spindle.

<SPINDLE START>
Spindle is enabled.

Feed control with override switch
<FEED STOP>
Stops execution of the running program and shuts down axis drives.

<FEED START>

Enable for program execution in the current block and enable for ramp-up to
the feedrate value specified by the program.

Keyswitch (four positions)

Front view of machine control panel (milling version)
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1.4 User interface
141 Screen layout
Overview

oo g b WN -
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=

Active operating area and mode
Alarm/message line

Program name

Channel state and program control
Channel operational messages

Axis position display in actual value window

0] AVA
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10
11
12

Display for
e Active tool T
e Current feedrate F

e Active spindle with current status (S)

e Spindle utilization rate in percent

1.4 User interface

¢ Name of the active tool carrier with display of a rotation in space and plane

¢ Name of the active kinematic transformation

Operating window with program block display

Display of active G functions, all G functions, auxiliary functions and input window for different functions (for

example, skip blocks, program control).
Dialog line to provide additional user notes.

Horizontal softkey bar
Vertical softkey bar

Figure 1-3  User interface

1.4.2

Status display of "Machine" operating area

Milling

Status display

The status display includes the most important information about the current machine status
and the status of the NCK. It also shows alarms as well as NC and PLC messages.

Depending on your operating area, the status display is made up of several lines:

® | arge status display

The status display is made up of three lines in the "Machine" operating area.

e Small status display

In the "Parameter”, "Program"”, "Program Manager", "Diagnosis" and "Start-up" operating
areas, the status display consists of the first line from the large display.

First line

Display

Description

Active operating area

el

—]

"Machine" operating area

With touch operation, you can change the operating area here.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1

35



Introduction

1.4 User interface

36

Description

"Parameter" operating area

"Program" operating area

"Program manager" operating area

"Diagnosis" operating area

"Start-up" operating area

Active mode or submode

o "Jog" mode

JOG

"MDA" mode

MDA

> "Auto" mode

AUTO |

S "Teach In" submode
Teach In

"Repos" submode

REPOS

1F_

-
m
m
-
=]
=

"Ref Point" submode

Alarms and messages

7L R A< Kanal 1 Funktion Auto—R

Alarm display

The alarm numbers are displayed in white lettering on a red
background. The associated alarm text is shown in red
lettering.

An arrow indicates that several alarms are active.

An acknowledgment symbol indicates that the alarm can be
acknowledged or canceled.

Dies ist eine PLC-Mdidung:
Maschinentur geoffnet

650125

NC or PLC message
Message numbers and texts are shown in black lettering.
An arrow indicates that several messages are active.

READY TO START

Messages from NC programs do not have numbers and appear
in green lettering.

Milling
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Second line

Display Description

TEST_TEACHEN Program path and program name

The displays in the second line can be configured.

Machine manufacturer
{g} Please also refer to the machine manufacturer's instructions.

Third line
Display Description
Display of channel status.
BCHAN1 RESET If several channels are present on the machine, the channel

name is also displayed.

If only one channel is available, only the "Reset" channel status
is displayed.
With touch operation, you can change the channel here.

Display of channel status:

The program was aborted with "Reset".

The program is started.

The program has been interrupted with "Stop".

Display of active program controls:
PRT: no axis motion

DRY: Dry run feedrate

RGO: reduced rapid traverse

7]
©
19
DR¥PRT

MO1: programmed stop 1
M101: programmed stop 2 (name varies)

SB1: Single block, coarse (program stops only after blocks
which perform a machine function)

SB2: Data block (program stops after each block)

SB3: Single block, fine (program also only stops after blocks
which perform a machine function in cycles)

Channel operational messages:

&Fauﬂ-,r NC block / user alarm | Stop: An operator action is usually required.
|© Remaining dwell time:15 Sec Wait: No operator action is required.

The machine manufacturer settings determine which program controls are displayed.

Milling
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Machine manufacturer
{g} Please also refer to the machine manufacturer's instructions.

14.3 Actual value window

Work/Machine

Maximize display

38

The actual values of the axes and their positions are displayed.

The displayed coordinates are based on either the machine coordinate system or the
workpiece coordinate system. The machine coordinate system (Machine), in contrast to the
workpiece coordinate system (Work), does not take any work offsets into consideration.

You can use the "Machine actual values" softkey to toggle between the machine coordinate
system and the workpiece coordinate system.

The actual value display of the positions can also refer to the SZS coordinate system
(settable zero system). However the positions are still output in the Work.

The ENS coordinate system corresponds to the Work coordinate system, reduced by certain
components ($P_TRAFRAME, $P_PFRAME, $P_ISO4FRAME, $P_CYCFRAME), which are
set by the system when machining and are then reset again. By using the ENS coordinate
system, jumps into the actual value display are avoided that would otherwise be caused by
the additional components.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Press the ">>" and "Zoom act.val." softkeys.

Zoom
act. val.
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Overview of display

1.4 User interface

Display

Meaning_;

Header columns

Work/Machine

Display of axes in selected coordinate system.

Position

Position of displayed axes.

Display of distance-to-go

The distance-to-go for the current NC block is displayed while the
program is running.

Feed/override

The feed acting on the axes, as well as the override, are displayed
in the full-screen version.

Repos offset

The distances traversed in manual mode are displayed.
This information is only displayed when you are in the "Repos"

submode.
Collision monitoring ¥ The collision avoidance is switched on for the JOG and
(only 840D sl) — MDI or AUTOMATIC modes and at least one active
collision pair is present.
Y The collision avoidance is switched off for the JOG and
MDI or AUTOMATIC modes or no active collision pair is
present.
Footer Display of active work offsets and transformations.

The T, F, S values are also displayed in the full-screen version.

See also
Overview (Page 78)
Zero offsets (Page 113)

Milling
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14.4 T,F,S window

The most important data concerning the current tool, the feedrate (path feed or axis feed in
JOG) and the spindle is displayed in the T, F, S window.

In addition to the "T, F, S" window name, the following information is also displayed:

Display

Meaning_j

BC (example)

Name of the tool carrier

Turning (example)

Name of the active kinematic transformation

Active tool carrier rotated in the plane

Active tool carrier swiveled in space

Tool data

Display

Meaning_;

T

Tool name

Name of the current tool

Location

Location number of the current tool

D

Cutting edge of the current tool

The tool is displayed with the associated tool type symbol corresponding to
the actual coordinate system in the selected cutting edge position.

If the tool is swiveled, then this is taken into account in the display of the
cutting edge position.

In DIN-ISO mode the H number is displayed instead of the cutting edge
number.

H number (tool offset data record for DIN-ISO mode)
If there is a valid D number, this is also displayed.

Diameter of the current tool

Radius of the current tool

Z value of the current tool

X [N |Q

X value of the current tool

40
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Feed data

Spindle data

Milling

1.4 User interface

Display Meaning
F
N Feed disable

Actual feed value

If several axes traverse, is displayed for:

o "JOG" mode: Axis feed for the traversing axis

e "MDA" and "AUTO" mode: Programmed axis feed

Rapid traverse GO0 is active
0.000 No feed is active
Override Display as a percentage
Display Meaning
S
S1 Spindle selection, identification with spindle number and main spindle
Speed Actual value (when spindle turns, display increases)
Setpoint (always displayed, also during positioning)
Symbol Spindle status
Spindle not enabled
Spindle is turning clockwise
m Spindle is turning counterclockwise
m Spindle is stationary
5erride Display as a percentage
Spindle utilization Display between 0 and 100%
rate The upper limit value can be greater than 100%.
See machine manufacturer's specifications.

Note
Display of logical spindles

If the spindle converter is active, logical spindles are displayed in the workpiece coordinate
system. When switching over to the machine coordinate system, the physical spindles are

displayed.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1
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i

Machine manufacturer
Please refer to the machine manufacturer's specifications.

1.4.5 Current block display

The window of the current block display shows you the program blocks currently being
executed.

Display of current program

The following information is displayed in the running program:

® The workpiece name or program name is entered in the title row.

® The program block which is just being processed appears colored.

Editing a program directly

In the Reset state, you can edit the current program directly.

>

INSERT

>

INSERT

42

1. Press the <INSERT> key.

2. Place the cursor at the relevant position and edit the program block.

Direct editing is only possible for G code blocks in the NC memory, not
for external execution.

3. Press the <INSERT> key to exit the program and the edit mode again.
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1.4.6 Operation via softkeys and buttons

Operating areas/operating modes

The user interface consists of different windows featuring eight horizontal and eight vertical
softkeys.

You operate the softkeys with the keys next to the softkey bars.
You can display a new window or execute functions using the softkeys.

The operating software is sub-divided into six operating areas (machine, parameter,
program, program manager, diagnosis, startup) and five operating modes or submodes
(JOG, MDA, AUTO, TEACH IN, REF POINT, REPOS).

Changing the operating area

Press the <MENU SELECT> key and select the desired operating area using

MENU the horizontal softkey bar.
SELECT

You can call the "Machine" operating area directly using the key on the operator panel.

T Press the <MACHINE> key to select the "machine" operating area.

—_

MACHINE

Changing the operating mode

You can select a mode or submode directly using the keys on the machine control panel or
using the vertical softkeys in the main menu.

General keys and softkeys

> When the symbol appears to the right of the dialog line on the user
interface, you can change the horizontal softkey bar within an operating area.
To do so, press the menu forward key.

The symbol indicates that you are in the expanded softkey bar.
Pressing the key again will take you back to the original horizontal softkey bar.
Use the ">>" softkey to open a new vertical softkey bar.
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Use the "<<" softkey to return to the previous vertical softkey bar.

« Use the "Return” softkey to close an open window.
Back

* Use the "Cancel" softkey to exit a window without accepting the entered

‘ Cancel ‘ values and return to the next highest window.
Vs When you have entered all the necessary parameters in the parameter screen
Accept form correctly, you can close the window and save the parameters using the
"Accept" softkey. The values you entered are applied to a program.
Use the "OK" softkey to initiate an action immediately, e.g. to rename or
0K delete a program.
1.4.7 Entering or selecting parameters

44

When setting up the machine and during programming, you must enter various parameter
values in the entry fields. The background color of the fields provides information on the
status of the entry field.

Orange background The input field is selected
Light orange background The input field is in edit mode
Pink background The entered value is incorrect

Selecting parameters

Some parameters require you to select from a number of options in the input field. Fields of
this type do not allow you to type in a value.

The selection symbol is displayed in the tooltip: ©

Associated selection fields
There are selection fields for various parameters:
® Selection of units

® Changeover between absolute and incremental dimensions

Milling
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Procedure

O

SELECT

>

INSERT

\4

"

INPUT

1.4 User interface

Keep pressing the <SELECT> key until the required setting or unit is
selected.

The <SELECT> key only works if there are several selection options
available.

-OR -
Press the <INSERT> key.
The selection options are displayed in a list.

Select the required setting using the <Cursor down> and <Cursor up>
keys.

If required, enter a value in the associated input field.
Press the <INPUT> key to complete the parameter input.

Changing or calculating parameters

If you only want to change individual characters in an input field rather than overwriting the
entire entry, switch to insertion mode.

In this mode, you can also enter simple calculation expressions, without having to explicitly
call the calculator. You can execute the four basic calculation types, work with expressions in
brackets as well as generate square roots and squares.

Note

Generating square roots and squares

The extract roots and generate square functions is not available in the parameter screens of
the cycles and functions in the "Program" operating area.

>

INSERT

<

<
BACKSPACE

DEL

Milling

Press the <INSERT> key.
The insert mode is activated.

You can navigate within the input field using the <Cursor left> and
<Cursor right> keys.

Use the <BACKSPACE> and <DEL> key to delete individual characters.
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SHIFT

SHIFT

SHIFT

SHIFT

%

INPUT

+ <> Enter the multiplication characters using the <SHIFT> + <*> keys.

+ </> Enter the division character using the <SHIFT> + </> keys.

Enter bracket expressions using the <SHIFT> + <(> and <SHIFT> + <)>
keys.

+ <)>

+ <number>Enter "r" or "R" as well as the number x from which you would like to

extract the root.

+ <number>Enter "s" or "S" as well as the number x for which you would like to
generate the square.

Close the value entry using the <INPUT> key and the result is
transferred into the field.

Accepting parameters

When you have correctly entered all necessary parameters, you can close the window and
save your settings.

You cannot accept the parameters if they are incomplete or obviously erroneous. In this
case, you can see from the dialog line which parameters are missing or were entered

incorrectly.
Press the "OK" softkey.
0K
-OR -
" Press the "Accept" softkey.
Accept

Milling
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14.8 Pocket calculator

You can use the calculator to quickly calculate parameter values during programming. If, for
example, the diameter of a workpiece is only dimensioned indirectly in the workpiece

d

rawing, i.e., the diameter must be derived from the sum of several other dimension

specifications, you can calculate the diameter directly in the input field of this parameter.

Calculation methods

The following arithmetic operations are available:

Addition

Subtraction

Multiplication

Division

Calculation with parentheses
Square root of x

X squared

You can input a maximum of 256 characters in a field.

Pocket calculator

85

C 0 - =
Procedure
1. Position the cursor on the desired entry field.
2. Press the <=> key.
The calculator is displayed.
3. Input the arithmetic statement.
You can use arithmetic symbols, numbers, and commas.
4, Press the equals symbol on the calculator.
-OR -
Milling
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1.4.9

48

Press the "Calculate" softkey.
Calculate

-OR-
<> Press the <INPUT> key.
INPUT

calculator.

The new value is calculated and displayed in the entry field of the

Vs 5. Press the "Accept" softkey.
Accept The calculated value is accepted and displayed in the entry field of the

window.

Note
Input order for functions

When using the square root or squaring functions, make sure to press the "R" or "S" function

keys, respectively, before entering a number.

Context menu

When you right-click, the context menu opens and provides the following functions:

e Cut
Cut Ctrl+X
e Copy
Copy Ctrl+C
® Paste

Paste Ctrl+V

Program editor
Additional functions are available in the editor
® Undo the last change
Undo Ctrl+Z
® Redo the changes that were undone
Redo Ctrl+Y

Up to 10 changes can be undone.

Milling
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1.4.10 Touch operation

If you have an operator panel with a touch screen, you can perform the following functions
with touch operation:

Operating area switchover

'ﬁ' You can display the operating area menu by touching the display symbol for
LLLE the active operating area in the status display.

N
Channel switchover

% CHAN1 RESET You can switch over to the next channel by touching the channel display
- in the status display.

1.4.11 Changing the user interface language

Procedure

1. Select the "Start-up" operating area.

N

Setup

Change 2. Press the "Change language" softkey.

language The "Language selection" window opens. The language set last is
selected.

3. Position the cursor on the desired language.
4. Press the "OK" softkey.
0K

-OR -

Press the <INPUT> key.

INPUT

The user interface changes to the selected language.

Milling
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1.4.12

50

Note

Changing the language directly on the input screens

You can switch between the user interface languages available on the controller directly on
the user interface by pressing the key combination <CTRL + L>.

Entering Asian characters

You have the possibility of entering Asian characters.

Note

Call the input editor with <Alt + S>

The input editor can only be called there where it is permissible to enter Asian characters.

You can select a character by using the Pinyin phonetic notation, which enables Chinese
characters to be expressed by combining Latin letters.

The editor is available for the following Asian languages:

e Simplified Chinese
e Traditional Chinese

e Korean

Note

You require a special keyboard to enter Korean characters.

Structure of editor

Phonftic input FTnction selection
a R
—— —_— = [} a — e
= an 135F 2.3 385 45 5 6:3E 75 o5 o 0
‘ Offered characters
Phonetic selection from dictionary

Milling
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Functions
W Pinyin input
Fia]

A

Precondition

1.4 User interface

Editing of the dictionary

Input of Latin letters

The control has been set to Chinese or Korean.

Procedure
Editing characters
1. Open the screen form and position the cursor on the entry field and
A press the <Alt +S> keys.
The editor is displayed.
+
S
2. Enter the desired phonetic notation.
v 3. Click the <Cursor down> key to access the dictionary.
4. By keeping the <Cursor down> key pressed, displays all the entered
phonetic notations and the associated selection characters.
— 5. Press the <BACKSPACE> softkey to delete entered phonetic notations.
BACKSPACE
6. Press the number key to insert the associated character.
When a character is selected, the editor records the frequency with
which it is selected for a specific phonetic notation and offers this
character at the top of the list when the editor is next opened.
Editing the dictionary
Q 1. Select the dictionary editing function in the selection box.
SmECT The editor provides a further line in which the combined characters and
phonetic notations are displayed.
Milling
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2. Enter the desired phonetic notation in the phonetic input field.

Various characters are displayed for this phonetic notation, from which
you can select a character by entering either of the appropriate number

(1t09).

— You can toggle the input cursor between the compound phonetic
e notations field and the phonetic input field by pressing the <TAB> key.
-— Combined characters are cancelled via the <BACKSPACE> key.

BACKSPACE

3. Press the <SELECT> key to take a combined phonetic notation into the

Q dictionary.

SELECT

1.4.13 Protection levels

The input and modification of data in the control system is protected by passwords at
sensitive places.

Access protection via protection levels

The input or modification of data for the following functions depends on the protection level
setting:

® Tool offsets
® Zero offsets
® Setting data

® Program creation / program editing

Note
Configuring access levels for softkeys

You have the option of providing softkeys with protection levels or completely hiding
them.

References
For additional information, please refer to the following documentation:
Commissioning Manual SINUMERIK Operate (IM9) / SINUMERIK 840D sl
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Machine operating area

Protection level

SYNC S',rn:hru

End user
(protection level 3)

Parameters operating area

Protection level

Tool management lists

Details

Keyswitch 3
(protection level 4)

Diagnostics operating area

Protection level

Keyswitch 3
Logbond$ (protection level 4)
User
Change (protection level 3)
Hew User .
entry (protection level 3)
Startup Manufagturer
complete (protection level 1)
Machine User
installed (protection level 3)
Add HW Service
comp. (protection level 2)

Start-up operating area

Protection levels

= System End user
= data (protection level 3)
Keyswitch 3
=n1 Setu
ammfe (protection level 4)

General Gontrol
MD unit M0

Keyswitch 3
(protection level 4)

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1
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Start-up operating area Protection levels
+  Lie- Keyswitch 3
. - (protection level 4)
Set MD Keyswitch 3
active (cf) (protection level 4)
Service
NCK (protection level 2)
Change End user
password (protection level 3)
Delete End user
password (protection level 3)

Online help in SINUMERIK Operate

A comprehensive context-sensitive online help is stored in the control system.

® A brief description is provided for each window and, if required, step-by-step instructions

for the operating sequences.

® A detailed help is provided in the editor for every entered G code. You can also display all
G functions and take over a selected command directly from the help into the editor.

® A help page with all parameters is provided on the input screen in the cycle programming.

e Lists of the machine data
e Lists of the setting data

® Lists of the drive parameters

e List of all alarms

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1




Introduction
1.4 User interface

Procedure
Calling context-sensitive online help
1. You are in an arbitrary window of an operating area.
@ 2. Press the <HELP> key or on an MF2 keyboard, the <F12> key.
e The help page of the currently selected window is opened in a
subscreen.
Press the "Full screen" softkey to use the entire user interface for the
Fullscreen display of the online help.
Press the "Full screen" softkey again to return to the subscreen.
Follow 4. If further helps are offered for the function or associated topics, position
reference the cursor on the desired link and press the "Follow reference" softkey.
The selected help page is displayed.
Back to 5. Press the "Back to reference" softkey to jump back to the previous help.
reference
Calling a topic in the table of contents
Table 1. Press the "Table of contents" softkey.
of contents Depending on which technology you are using, the Operating Manuals
"Operator control Milling", "Operator control Turning" or "Operator
control Universal" as well as the "Programming" Programming Manual
are displayed.
2. Select the desired manual with the <Cursor down> and <Cursor up>
v A keys.
3 Press the <Cursor right> or <INPUT> key or double-click to open the
} manual and the section.
v 4, Navigate to the desired topic with the "Cursor down" key.
Follow 5. Press the <Follow reference> softkey or the <INPUT> key to display the
reference help page for the selected topic.
Milling
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Searching for a topic

Search

0K

Table
of contents

6.

Press the "Current topic" softkey to return to the original help.

Press the "Search" softkey.
The "Search in Help for:" window is opened.

Activate the "Full text " checkbox to search in all help pages.

If the checkbox is not activated, a search is performed in the table of
contents and in the index.

Enter the desired keyword in the "Text" field and press the "OK" softkey.

If you enter the search term on the operator panel, replace an umlaut
(accented character) by an asterisk (*) as dummy.

All entered terms and sentences are sought with an AND operation. In
this way, only documents and entries that satisfy all the search criteria
are displayed.

Press the "Keyword index" softkey if you only want to display the index
of the operating and programming manual.

Displaying alarm descriptions and machine data

@

HELP

@

HELP

1.

If messages or alarms are pending in the "Alarms", "Messages" or
"Alarm Log" window, position the cursor at the appropriate display and
press the <HELP> or the <F12> key.

The associated alarm description is displayed.

If you are in the "Start-up" operating area in the windows for the display
of the machine, setting and drive data, position the cursor on the
desired machine data or drive parameter and press the <HELP> or the
<F12> key.

The associated data description is displayed.

Displaying and inserting a G code command in the editor

@

HELP

Display all
G functions

Search

1.

A program is opened in the editor.

Position the cursor on the desired G code command and press the
<HELP> or the <F12> key.

The associated G code description is displayed.
Press the "Display all G functions" softkey.

With the aid of the search function, select, for example, the desired G
code command.
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Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Introduction

1.4 User interface

Transfer 4. Press the "Transfer to editor" softkey.

to editor The selected G function is taken into the program at the cursor position.
Exit 5. Press the "Exit help" softkey again to close the help.
Help

See also

Additional functions in the input screens (Page 248)
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Setting up the machine

2.1

Start-up

Milling

Switching on and switching off

M
L0y REFFOMN

02/17/09
2:36 PH

SIEMENS

% DREHEM_K1 Reset
Machine

Position [mm]

X1 0.000
Y1 0.000
21 0.000
SP1 0.000°

Feed/override
0.000 mm,min
80%

0.000 mm,min
80%

0.000 mm,min
80%

0.000 °/min
80%

F=0.000

When the control starts up, the main screen opens according to the operating mode
specified by the machine manufacturer. In general, this is the main screen for the "REF

POINT" submode.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1
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{g} Please also refer to the machine manufacturer's instructions.
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2.2 Approaching a reference point

2.2

2.21

Sequence

Procedure

60

Approaching a reference point

Referencing axes

Your machine tool can be equipped with an absolute or incremental path measuring system.
An axis with incremental path measuring system must be referenced after the controller has
been switched on — however, an absolute path measuring system does not have to be
referenced.

For the incremental path measuring system, all the machine axes must therefore first
approach a reference point, the coordinates of which are known to be relative to the machine
zero-point.

Prior to the approach, the axes must be in a position from where they can approach the
reference point without a collision.

The axes can also all approach the reference point simultaneously, depending on the
manufacturer’s settings.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

NOTICE
Risk of collision

If the axes are not in a collision-free position, you must first traverse them to safe positions
in "JOG" or "MDI" mode.

You must follow the axis motions directly on the machine!

Ignore the actual value display until the axes have been referenced!

The software limit switches are not active!

1. Press the <JOG> key.

%

JOG

2. Press the <REF. POINT> key.
. Y

REF.POINT

Milling
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222

Procedure

Milling

2.2 Approaching a reference point

3. Select the axis to be traversed.
X
4

4. Press the <-> or <+> key.
= The selected axis moves to the reference point.

If you have pressed the wrong direction key, the action is not accepted
+ and the axes do not move.
) A symbol is shown next to the axis if it has been referenced.

The axis is referenced as soon as the reference point is reached. The actual value display is
set to the reference point value.

From now on, path limits, such as software limit switches, are active.

End the function via the machine control panel by selecting operating mode "AUTO" or
IIJOGII'

User agreement

If you are using Safety Integrated (Sl) on your machine, you will need to confirm that the
current displayed position of an axis corresponds to its actual position on the machine when
you reference an axis. Your confirmation is the requirement for the availability of other Safety
Integrated functions.

You can only give your user agreement for an axis after it has approached the reference
point.

The displayed axis position always refers to the machine coordinate system (Machine).

Option

User agreement with Safety Integrated is only possible with a software option.

'H' 1. Select the "Machine" operating area.
| R |
Machine
2. Press the <REF POINT> key.
e Y

REF.POINT
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2.2 Approaching a reference point

3. Select the axis to be traversed.
X
Z
4. Press the <-> or <+> key.
= The selected axis moves to the reference point and stops. The
coordinate of the reference point is displayed.
+ The axis is marked with @®.
User 5. Press the "User enable" softkey.
enable The "User Agreement" window opens.
It shows a list of all machine axes with their current position and Sl
position.
5. Position the cursor in the "Acknowledgement" field for the axis in
question.
Q 6. Activate the acknowledgement with the <SELECT> key.

SELECT

The selected axis is marked with an "x" meaning "safely referenced"”
in the "Acknowledgement" column.

By pressing the <SELECT> key again, you deactivate the

Q acknowledgement again.

SELECT

Milling
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2.3 Operating modes

2.3.1 General

You can work in three different operating modes.

"JOG" mode
"JOG" mode is used for the following preparatory actions:
® Approach reference point, i.e. the machine axis is referenced

® Preparing a machine for executing a program in automatic mode, i.e. measuring tools,
measuring the workpiece and, if necessary, defining the work offsets used in the program

® Traversing axes, e.g. during a program interruption

® Positioning axes

Select "JOG"

Press the <JOG> key.

=

"REF POINT" operating mode

The "REF POINT" operating mode is used to synchronize the control and the machine. For
this purpose, you approach the reference point in "JOG" mode.

Selecting "REF POINT"

Press the <REF POINT> key.
y
REF.POINT

"REPOS" operating mode

The "REPOS" operating mode is used for repositioning to a defined position. After a program
interruption (e.g. to correct tool wear values) move the tool away from the contour in "JOG"
mode.

The distances traversed in "JOG" mode are displayed in the actual value window as the
"Repos" offset.

"REPOS" offsets can be displayed in the machine coordinate system (MCS) or workpiece
coordinate system (WCS).

Milling
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2.3 Operating modes

Selecting "Repos”

Press the <REPOS> key.

REPOS

"MDI" mode (Manual Data Input)

In "MDI" mode, you can enter and execute G code commands non-modally to set up the
machine or to perform a single action.

Selecting "MDI"

Press the <MDI> key.
@ y

MDA

"AUTO" mode

In automatic mode, you can execute a program completely or only partially.

Select "AUTO"

_3 Press the <AUTO> key.

AUTO

"TEACH IN" operating mode
"TEACH IN" is available in the "AUTO" and "MDI" operating modes.

There you may create, edit and execute part programs (main programs or subroutines) for
motional sequences or simple workpieces by approaching and saving positions.

Selecting "Teach In"

@ Press the <TEACH IN> key.

TEACH IN

Milling
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2.3.2 Modes groups and channels

Every channel behaves like an independent NC. A maximum of one part program can be
processed per channel.

e Control with 1channel
One mode group exists.
® Control with several channels

Channels can be grouped to form several "mode groups."”

Example
Control with 4 channels, where machining is carried out in 2 channels and 2 other channels
are used to control the transport of the new workpieces.
Mode group 1 channel 1 (machining)
Channel 2 (transport)
Mode group 2 channel 3 (machining)
Channel 4 (transport)
Mode groups (MGs)
Technologically-related channels can be combined to form a mode group.
Axes and spindles of the same mode group can be controlled by one or more channels.
An operating mode group is in one of "Automatic”, "JOG" or "MDI" operating modes, i.e.,
several channels of an operating mode group can never assume different operating modes.
233 Channel switchover

It is possible to switch between channels when several are in use. Since individual channels
may be assigned to different mode groups, a channel switchover command is also an implicit
mode switchover command.

When a channel menu is available, all of the channels are displayed on softkeys and can be
switched over.

Changing the channel

ii Press the <CHANNEL> key.

CHANNEL

The channel changes over to the next channel.
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2.3 Operating modes
-OR -
If the channel menu is available, a softkey bar is displayed. The active
channel is highlighted.
Another channel can be selected by pressing one of the other softkeys.
References

Commissioning Manual SINUMERIK Operate (IM9) / SINUMERIK 840D sl

Channel switchover via touch operation

On the HT 8 and when using a touch screen operator panel, you can switch to the next
channel or display the channel menu via touch operation in the status display.

Milling
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24 Settings for the machine

241 Switching over the coordinate system (MCS/WCS)

The coordinates in the actual value display are relative to either the machine coordinate
system or the workpiece coordinate system.

By default, the workpiece coordinate system is set as a reference for the actual value
display.

The machine coordinate system (MCS), in contrast to the workpiece coordinate system
(WCS), does not take into account any zero offsets, tool offsets and coordinate rotation.

Procedure
'H' 1. Select the "Machine" operating area.
| R |
Machine
MA 2. Press the <JOG> or <AUTO> key.
UL
JOG
=)
AUTO
Act. vis. 3 Press the "Act.vls. MCS" softkey.
MCS
The machine coordinate system is selected.
m The title of the actual value window changes in the MCS.
Machine manufacturer
%} The softkey to changeover the coordinate system can be hidden. Please refer to the
machine manufacturer's specifications.
Milling
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242 Switching the unit of measurement

You can set millimeters or inches as the unit of measurement. Switching the unit of
measurement always applies to the entire machine. All required information is automatically
converted to the new unit of measurement, for example:

® Positions

® Tool offsets

o Work offsets

Proceed as follows

Machine

ﬁx Settings

Changeover
inch

i
0K

Changeover
metric

68

Machine manufacturer
{g} Please also refer to the machine manufacturer's instructions.

1. Select <JOG> or <AUTO> mode in the "Machine" operating area.

2. Press the menu forward key and the "Settings" softkey.

A new vertical softkey bar appears.

3. Press the "Switch to inch" softkey.

A prompt asks you whether you really want to switch over the unit of
measurement.

4. Press the "OK" softkey.

The softkey label changes to "Switch to metric".
The unit of measurement applies to the entire machine.

5. Press the "Switch to metric" softkey to set the unit of measurement of

the machine to metric again.

Milling
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243 Setting the zero offset

You can enter a new position value in the actual value display for individual axes when a
settable zero offset is active.

The difference between the position value in the machine coordinate system MCS and the
new position value in the workpiece coordinate system WCS is saved permanently in the
currently active zero offset (e.g. G54).

Relative actual value

Further, you also have the possibility of entering position values in the relative coordinate
system.

Note

The new actual value is only displayed. The relative actual value has no effect on the axis
positions and the active zero offset.

Resetting the relative actual value

Press the "Delete REL" softkey.
Delete REL

The actual values are deleted.

The softkeys to set the zero point in the relative coordinate system are only available if the
corresponding machine data is set.

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

Precondition
The controller is in the workpiece coordinate system.

The actual value is set in the reset state.

Note
Setting the ZO in the Stop state

If you enter the new actual value in the Stop state, the changes made are only visible and
only take effect when the program is continued.

Milling
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Procedure

M,

el

Machine

WA

JOG

§2a  Set
W0

REL
act. vals

za§  Set
REL

%

INPUT

Xx=0

Z=0

X-Y-Z-0

Resetting the actual value

Delete
active W0

Select the "JOG" mode in the "Machine" operating area.

Press the "Set ZO" softkey.

-OR -
Press the ">>", "REL act. vals" and "Set REL" softkeys to set position
values in the relative coordinate system.

Enter the new required position value for X, Y or Z directly in the actual
value display (you can toggle between the axes with the cursor keys)
and press the "Input" key to confirm the entries.

-OR -
Press softkeys "X=0","Y=0" or "Z=0" to set the relevant position to zero.

-OR -
Press softkey "X=Y=Z=0" to set all axis positions to zero simultaneously.

Press the "Delete active ZO" softkey.
The offset is deleted permanently.

Note

Irreversible active zero offset

The current active zero offset is irreversibly deleted by this action.

70
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2.5 Measuring the tool

2.5 Measuring the tool

The geometries of the machining tool must be taken into consideration when executing a
part program. These are stored as tool offset data in the tool list. Each time the tool is called,
the control considers the tool offset data.

When programming the part program, you only need to enter the workpiece dimensions from
the production drawing. After this, the controller independently calculates the individual tool
path.

You can determine the tool offset data, i.e. the length and radius or diameter, either manually
or automatically with tool probes.

See also
Tool dimensioning (Page 527)
Measuring the tool (Page 540)
2.5.1 Measuring a tool manually

For manual measurement, move the tool manually to a known reference point to determine
the tool length and the radius or diameter. The control then calculates the tool offset data
from the position of the tool carrier reference point and the reference point.

Reference point

When measuring the tool length you can either use the workpiece or a fixed point in the
machine coordinate system, e.g. a mechanical test socket or a fixed point in combination
with a distance gauge as the reference point.

When determining the radius/diameter, the workpiece is always used as the reference point

In the machine data, you define whether the radius or the diameter of the tool is to be
measured.

Machine manufacturer
{gﬁ’ Please refer to the machine manufacturer's specifications.

Note
You can enter the position of the workpiece during measurement.

However, you must declare the position of the fixed point before the measurement.
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See also

Fixed point calibration (Page 74)

25.2 Measuring the tool length with the workpiece as reference point

Procedure

M,

el

Machine

A2
YL

JOG

Meas.
!I tool

Length
manual

O

SELECT

Set
length

Insert the tool you want to measure in the spindle.
Select "JOG" mode in the "Machine" operating area.

Press the "Meas. tool" and "Length manual" softkeys.
The "Length Manual" window opens.

Select the cutting edge number D and the number of the replacement
tool ST of the tool.

Approach the workpiece in the Z direction, scratch it with a turning
spindle and enter the set position Z0 of the workpiece edge.

Press the "Set length" softkey.
The tool length is calculated automatically and entered in the tool list.

Note

Tool measurement is only possible with an active tool.
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253 Measuring radius or diameter

Procedure

M,

|

Machine

MW
VL

JOG

(I

Radius
manual

Diameter
manual

O

SELECT

Set
radius

Set
diamet.

Insert the tool you want to measure in the spindle.
Select "JOG" mode in the "Machine" operating area.

Press the "Meas. tool" softkey.

Press the "Radius manual" or "Diam. manual" softkey.

Select the cutting edge number D and the the number of the
replacement tool ST.

Approach the workpiece in the X or Y direction and perform scratching
with the spindle rotating in the opposite direction.

Specify the setpoint position X0 or YO of the workpiece edge.
Press the "Set radius" or "Set diam." softkey.

The tool radius or diameter is calculated automatically and entered in
the tool list.

Note

Tool measurement is only possible with an active tool.

Milling
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254

Procedure

74

Fixed point calibration

If you want to use a fixed point as the reference point in manual measurement of the tool
length, you must first determine the position of the fixed point relative to the machine zero.
Test socket

You can use a mechanical test socket as the fixed point, for example. Mount the test socket
on the machine table in the machining space of the machine. Enter zero as the distance.
Distance gauge

However, you can also use any fixed point on the machine in combination with a distance
gauge. Enter the thickness of the plate as "DZ".

To calibrate the fixed point, use either a tool whose length is known (i.e. the tool length must
be entered in the tool list) or the spindle directly.

The position of the fixed point may have already been determined by the machine
manufacturer.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

1. Traverse the tool or spindle to the fixed point.

M 2. Press the "Measure tool" softkey in the "JOG" mode.
VL

JOG
Meas.
!I tool

Calibrate 3. Press the "Calibrate fixed point" softkey.

fixed pt.
4. Enter a correction value for "DZ".
If you have used a distance gauge, enter the thickness of the plate
used.
Cali- 5. Press the "Calibrate" softkey.
brate

6. The distance between machine zero and fixed point is calculated and
entered in the machine data.
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255 Measuring a tool with an electrical tool probe

For automatic measurement, you determine the length and radius or diameter of the tool with
the aid of a tool probe (table contact system). The control uses the known positions of the
toolholder reference point and tool probe to calculate the tool offset data.

Use the softkey to select whether you want to measure the length, the radius or the diameter
of the tool.

The corresponding windows can be adapted to the measurement tasks in order to
automatically measure tools.

Adapting the user interface to calibrating and measuring functions

The following selection options can be switched-in or switched-out:

® (Calibration plane, measurement plane

® Probe

e Calibration feedrate (measuring feedrate)

Machine manufacturer
{a% Please refer to the machine manufacturer's specifications.

Requirements

e No function-related settings are necessary after the measuring cycles have been
installed.

e Before the actual measurement, enter approximate values for length and radius or
diameter of the tool in the tool list.

e (Calibrate the probe first.

Machine manufacturer
%ﬁ% Please refer to the machine manufacturer's specifications.

Lateral/longitudinal offset

If the widest part of the tool is not at the outer edge of the tool or the longest part is not at the
bottom edge of the tool, you can store this difference in the offset.

If measuring shows that the length of the tool diameter is greater than the probe diameter,
measurement is automatically performed with rotating spindle.
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Tooth break monitoring

Procedure

76

Before or after machining you can check if any cutting edges of the milling tool have broken

off.

If it is noticed during the check of the cutting edges that not all cutting edges or teeth are
present, you will receive a corresponding message.

M,

Ll

Machine

MWy
YL

JOG

Meas.
!I tool

Length
auto

Radius
auto

Diameter
auto

O

SELECT

o

CYCLE
START

Insert the tool that you want to measure.
Select "JOG" mode in the "Machine" operating area.

Press the "Meas. tool" softkey.

Press the "Length auto" softkey if you want to measure the length of the
tool.

-OR -
Press the "Radius auto" or "Diam. Auto", if you wish to measure the
radius or diameter of the tool.

Select the cutting edge number D and the number of the replacement
tool ST.

If you wish to check the cutting edges of the milling tool, then click "Yes"
under "Check teeth individually".

If necessary, enter the lateral offset V.
Press the <CYCLE START> key.

This starts the automatic measuring process. When you measure the
tool radius or diameter, measurement is performed with a spindle
rotating in the opposite direction.

The tool length, radius, and diameter are calculated automatically and
entered in the tool list.

Note

Tool measurement is only possible with an active tool.
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2.5 Measuring the tool

Calibrating the electrical tool probe

If you want to measure your tools automatically, you must first determine the position of the
tool probe on the machine table with reference to the machine zero.

Tool probes are typically shaped like a cube or a cylindrical disk. Install the tool probe in the
working area of the machine (e.g on the machine table) and align it relative to the machining
axes.

You must use a mill-type calibration tool to calibrate the tool probe. You must enter the
length and radius/diameter of the calibration tool in the tool list beforehand.

Calibration of a tool probe with rotation

Procedure

Milling

To compensate radial eccentricity of the spindle or position deviations of the calibrating tool
when calibrating the tool probe, you have the option to calibrate the tool probe with rotation.
This entails more exact calibration values of the tool probe and thus more exact measuring
values.

During calibration, the probe is withdrawn after the first scanning operation, the spindle is
rotated by 180°and again the scanning operation is performed. A mean value of two values
is then determined and entered.

Note
Setting the protection level

The "Calibrate probe" function is only available if an adequate level of protection is set.

Please refer to the machine manufacturer's specifications.

1. Move the calibration tool until it is approximately over the center of the
measuring surface of the tool probe.

— 2. Select operating mode "JOG" in the "Machine" operating area and press
.M, the "Measure tool" softkey.

Machine

MW\

UL

JoG

Calibrate 3. Press the "Calibrate probe" softkey.
probe

Q 4, Choose whether you want to calibrate the length only, or the length and

the diameter.
SELECT

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 77



Setting up the machine

2.6 Measuring the workpiece zero

2.6

2.6.1

Q 5. Click in the selection field "Spindle rotation" entry "Yes" if you want to

Pyt perform the "Calibration with rotation".

6. Press the <CYCLE START> key.

START Calibration is automatically executed at the measuring feedrate. The
distance measurements between the machine zero and tool probe are
calculated and stored in an internal data area.

Measuring the workpiece zero

Overview

The reference point for programming a workpiece is always the workpiece zero. You can
determine the workpiece zero on the following workpiece elements:

* Edges, (Page 89)
* Comer (Page 91)
® Pocket and hole (Page 95)
* Spigot (Page 101)

Measuring methods

You can measure the workpiece zero either manually or automatically.

Manual measurement

To measure the zero point manually, you need to traverse your tool manually up to the
workpiece. You can use edge probes, sensing probes, or dial gauges with known radii and
lengths. You can also use any other tool of which you know the radius and length.

The tools used for measuring must not be electronic probes.

Automatic measurement

78

For automatic measurements, only use the electronic workpiece probe, tool type 710/712.
You must first calibrate the electronic workpiece probe.

In the case of automatic measuring, first position the workpiece probe manually. After
starting using the <CYCLE START> key, the workpiece probe is automatically extended to
the workpiece with the measuring feedrate. Retraction motion from the measuring point is
realized as a function of the setting data with the rapid traverse velocity or a user-specific
positioning velocity.
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Measuring with rotation

Under the function "Measuring with rotation" you have the option to measure without prior
calibration and without entry of a calibration dataset to be used.

To do this, you will need a positionable spindle as well as an electronic 3D workpiece probe.
The radius of the probe ball of the electrical probe must be determined once by calibration
and entered in the tool data.

Spindle orientation of the probe in the measuring direction

In order to obtain extremely precise measurement results, you have the option to orientate
the electronic 3D probe in the measuring direction to avoid deviations regarding the rotation-
symmetric shifting characteristics. Orienting the probe is performed by positioning the
working spindle into which the probe is clamped.

To do this, you will need a positionable spindle as well as an electronic 3D workpiece probe.

Probe in a machining spindle that cannot be positioned or fixed at the machine

Also at machines without SPOS-capable spindle, you have the possibility of measuring
workpieces using electronic probes.

To do this, you will need a 3D probe (multi probe type 710). This measurement method
requires that the measuring task does not require that the spindle is positioned.

Adapting the user interface to calibrating and measuring functions

Milling

Activate the following selection options using setting data:
e Calibration plane, measurement plane

® (Calibration feedrate (measuring feedrate)

e \Work offset as basis for the measuring process
o Number of the probe calibration data set

e Offset target, adjustable work offset

e Offset target, basis reference

e (Offset target, global basis work offset

e Offset target, channel-specific basis work offset
e Standard measuring method

® Measuring with spindle reversal

e Align probe

® The measurement method depends on the probe
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Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Note
"Measuring only" for automatic measuring

If "Measuring only" is selected as offset target, then instead of the "Set WO" softkey, the
"Calculate" softkey is displayed.

The measuring versions "Set edge", "Rectangular pocket", "Rectangular spigot", "1 circular
spigot" and "1 hole" are an exception. For these single-point measurements, for "Measuring
only" neither the "Set WO" softkey nor the "Calculate" softkey is listed.

Preconditions

® The automatic measurement in the JOG mode is completely installed and functional in
the default setting of the control.

e When tool type 710/712 is active, the automatic measuring functions are always executed
in the JOG mode.

® You specify user-specific settings (e.g. positioning velocity in the working plane or tool
axis, length of the measuring distance) using the appropriate parameters.

Machine manufacturer
'{é\} Please refer to the machine manufacturer's specifications.

References

Information on user-specific settings is provided in the Chapter "Measuring in the JOG
mode".

Commissioning Manual SINUMERIK Operate (IM9) / SINUMERIK 840D sl

Selecting the measuring plane

The measuring plane (G17,18,19) can be selected to flexibly adapt to measuring tasks. If the
measuring plane selection is not activated, then the measurement is performed based on the
currently active measuring plane.
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Selecting the probe number and the calibration data set number

Workpiece probe calibration data fields can be selected using this function. For different
measuring situations, in order to guarantee a high measuring accuracy, it may be necessary
to save the corresponding calibration data in different data fields, which can then be selected
for the measuring tasks.

If the probe number selection is not activated, then probe number "one" is always used.

Entering the calibration feedrate

The actual calibration feedrate can be entered into this entry field. The calibration feedrate is
stored in the calibration data and is used for the measurements.

If the entry field does not exist, then the calibration feedrate from a central parameter is
used.

Selecting the work offset as basis for the measurement

A work offset can be selected as measurement basis to flexibly adapt to the measuring
tasks.

If the work offset selection as measurement basis is not activated, then the measurement
refers to the currently active work offset.

Measuring sequence

Measuring only

Work offset

Milling

To obtain the desired measuring results, you must keep to the measuring point sequence
shown in the help displays.

You can reject measuring points and then measure them again. This is done by pressing the
softkey that is currently active (measured value).

If you "only" want to measure the workpiece zero, the measured values are calculated and
displayed without changing the coordinate system.

You usually store the measured workpiece zero in a work offset. The HMI allows rotations
and offsets to be measured.
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Zero point

Aligning

Rotary axes

82

The measurement values for the offsets are stored in the coarse offset and the relevant fine
offsets are deleted. If the zero point is stored in a non-active work offset, an activation
window is displayed in which you can activate this work offset directly.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Alignment can be performed either by rotating the coordinate system or by rotating the
workpiece with a rotary axis. If your machine is equipped with two rotary axes and the
"swivel" function is set up, you can also align an inclined plane.

If your machine has rotary axes, you can include these rotary axes in the measurement and
setup procedure. If you store the workpiece zero in a work offset, rotary axis positioning may
be necessary in the following cases.

® Correcting the work offset requires you to position the rotary axes to align the workpiece
parallel with the coordinate system, e.g. with "Align edge".

® Correcting the work offset rotates the workpiece coordinate system, which should align
the tool perpendicular to the plane, e.g. for "Align plane".

You are supported by one or two activation windows when you position the rotary axes (see
Corrections after measuring the zero point (Page 111)").

You can only select "Rotary axis <name of rotary axis>" for the "Angle corr." parameter, if
your machine has rotary axes.

They must also be assigned to geometry axes via the machine data.

Machine manufacturer
{/?\,} Please refer to the machine manufacturer's specifications.
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2.6.2 Sequence of operations

To measure the workpiece zero, the workpiece probe must always be located or set
perpendicular to the measuring plane (machining plane) (e.g. using "Align plane").

For the measuring versions "Set edge", "Distance 2 edges", "Rectangular pocket" and
"Rectangular spigot", the workpiece must first be aligned parallel to the coordinate system.

To do this, it may be necessary to perform the measuring process in several steps.

Possible step sequences

1. "Align plane” (to align the workpiece probe perpendicular to the plane)
2. "Align edge" (to align the workpiece parallel to the coordinate system)
3. "Set edge" or "Distance 2 edges" of "Rectangular pocket" or
"Rectangular spigot", to define the workpiece zero.

-OR-

1. "Align plane" (to align the workpiece probe perpendicular to the plane)

2. "Corner" or "2 holes" or "2 spigots", to align the the coordinate system parallel to the
workpiece and to determine the workpiece zero)

Pre-positioning

If you want to preposition a rotary axis before measuring with "Align edge", move the rotary
axis so that your workpiece is approximately parallel to the coordinate system.

Set the relevant rotary axis angle to zero with "Set WO". Measurement with "Align edge" will
then correct the value for rotary axis offset or include it in the coordinate rotation and align
the workpiece edge precisely.

If you want to preposition your workpiece with "Align plane" prior to measurement, you can
set the required angular values under "Manual swivel". With "Set zero plane"you transfer the
resulting rotations into the active work offset.

The measurement with "Align plane" will then correct the value for the coordinate rotations
and precisely align the workpiece.

If the function "Swivel Manual" is set up on your machine, we recommend that you perform
swivel to zero before starting measurement. In that way, you will ensure that the rotary axis
positions match the actual coordinate system.
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2.6.3 Examples with manual swivel

Two typical examples demonstrate the interaction and the use of "Measure workpiece" and
"Manual swivel" when measuring and aligning workpieces.

First example

The following steps are required when remachining a cylinder head with 2 holes on an
inclined plane.

1. Clamp the workpiece
2. T,SM

Load the probe and activate the desired work offset.
3. Pre-position the workpiece

Manually rotate the rotary axes until the inclined surface is almost perpendicular to the
tool axis.

4. Manual swivel

Select "direct" swivel, press the "Teach rotary axes" softkey and press <CYCLE START>
key.

5. Manual swivel
Apply "Set zero plane" to store the resulting rotations in the work zero.
6. Measure workpiece
Apply "Align plane" to correct the alignment of the workpiece.
7. Measure workpiece
Apply "2 holes" to define the rotation and offset in the XY plane.
8. Measure workpiece
Apply "Set edge Z" to define the offset in Z.
9. Start part program to remachine under AUTO.

Start the program with swivel zero.
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Second example

264

Procedure

Milling

2.6 Measuring the workpiece zero

Measuring workpieces in swiveled states. The workpiece is to be probed in the X direction
even though the probe cannot approach the workpiece in the X direction because of an
obstructing edge (e.g. due to clamping elements). However, with a swivel movement, the
measurement in the X direction can be replaced by a measurement in the Z direction.

1. Clamp the workpiece.
2. T,SM

Load the probe and activate the desired work offset.
3. Manual swivel

With "direct" swiveling enter the required rotary axis positions or with "axis by axis" the
required rotations (e.g. Y=-90) and <CYCLE START>.

4. Measure workpiece

Apply "Set edge Z": The measured offset in Z is converted and entered as an X value in
the chosen work offset.

Calibrating the electronic workpiece probe

When the electronic probes are attached to the spindle, clamping tolerances usually occur.
This can lead to measurement errors.

In addition, you need to determine the trigger points of the probe relative to the spindle
center (trigger points).

Therefore, you need to calibrate the electronic probe. The radius is calibrated in a setting
ring (calibration ring) or a hole, the length is calibrated on a surface. The diameter of the
setting ring and the dimension of the surface in the Z direction (for G17) must be precisely
known and this is entered into the corresponding entry field when calibrating the probe. The
diameter of the workpiece probe ball and its length 1 must be stored in the tool list.

1. Load the workpiece probe into the spindle.
2. Enter the approximate length and radius in the tool data.
Calibrating a radius

3. Move the workpiece probe into the hole and position it in the
approximate center of the hole.

'H' 4, Select the "JOG" mode in the "Machine" operating area.

el

Machine

MWy
UL

JOG
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§§ Meas.
workp.
Calibrate
probe

Radius

CYCLE
START

Calibrating a length
9.
10.

Length

CYCLE
START

86

11.

12.

13.

Press the "Workpiece zero" and "Probe calibration" softkeys.
The window "Calibration: Probe" is opened.

Press the "Radius" softkey.

In &, enter the calibration bore corresponding to the diameter.
Press the <CYCLE START> key.
The calibration starts.

When calibrating the radius, the exact hole center point is determined
first. Then the four trigger points on the inside wall of the hole are
approached.

This procedure is carried out automatically twice: First with 180° (to the
starting position of the working spindle) and then in its starting position.

Move the workpiece probe over the surface.

Select operating mode "JOG" in the "Machine operating area" and press
the "Workpiece zero" and "Probe calibration" softkeys.

The "Calibrate Probe" window opens.
Press the "Length" softkey.

Specify reference point Z0 of the surface, e.g. of the workpiece or the
machine table.

Press the <CYCLE START> key.
The calibration starts.

When the length is calibrated, the length of the workpiece probe is
calculated and entered in the tool list.
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2.6.5

Requirement

Procedure

Milling

2.6 Measuring the workpiece zero

Note

User-specific defaults

e "Setting ring diameter"
For the entry field "Diameter setting ring" (diameter, reference piece), fixed values can be
separately entered at parameters for each probe number (calibration data set number). If
these parameters are assigned, the values saved there are displayed in the entry field
"Diameter setting ring"; however, they can no longer be changed there.

¢ "Height of the reference surface in the infeed axis"
For the entry field "Height of the reference surface" fixed values can be separately
entered at parameters for each probe number (calibration data set number). If these
parameters are assigned, the values saved there are displayed in the entry field "Height
of the reference surface"; however, they can no longer be changed there.

Please refer to the machine manufacturer's specifications.

Setting the edge

The workpiece lies parallel to the coordinate system on the work table. You measure one
reference point in one of the axes (X, Y, Z).

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

-OR -

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.

'H' 1. Select the "Machine" operating area and press the <JOG> key.

el

Machine

MW
UL

JOG
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§§ Meas. 2.
workp.
O >
SELECT
Q 4.
SELECT
Select
work offs.
G54...
G599
In
manual
5.
X
z
O >
SELECT
7.
8.

CYCLE
START

Press the "Workpiece zero" and "Set edge" softkeys.
The "Set Edge" window opens.

Select "Measuring only" if you only want to display the measured
values.

-OR -
In the selection box, select the desired zero offset in which you want to
store the zero point.

-OR -
Press the "Select ZO" softkey to select an settable zero offset.

In the window "Zero Offset — G54 ... G599", select a zero offset, in which
the zero point should be saved and press the "In manual" softkey.

You return to the measurement window.

Use the softkeys to select in which axis direction you want to approach
the workpiece first.

Select the measuring direction (+ or -) you want to approach the
workpiece in.

For Z0, the workpiece is always approached in the Z minus direction.
In X0, YO, or Z0, specify the setpoint position of the workpiece edge.

The setpoint position corresponds, e.g. to the dimension specifications
of the workpiece edge from the workpiece drawing.

Traverse the workpiece probe close to the workpiece edge that you wish
to measure and press the <CYCLE START> key in order to measure
the workpiece zero automatically.

Note

Settable zero offsets

The labeling of the softkeys for the settable zero offsets varies, i.e. the settable zero offsets
configured on the machine are displayed (examples: G54...G57, G54...G505, G54...G599).

Please refer to the machine manufacturer's specifications.
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2.6.6

Requirement

Procedure

Milling

2.6 Measuring the workpiece zero

Edge measurement

The following options are available to you when measuring an edge:

Aligning the edge

The workpiece lies in any direction, i.e. not parallel to the coordinate system on the work
table. By measuring two points on the workpiece reference edge that you have selected, you
determine the angle to the coordinate system.

Distance between 2 edges

The workpiece lies parallel to the coordinate system on the work table. You measure
distance L of two parallel workpiece edges in one of the axes (X, Y, or Z) and determine its
center.

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

-OR -

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.

— 1. Select the "Machine" operating area and press the <JOG> key.
M,
Machine
MWV
UL
JOG
5 Meas. 2. Press the "Workpiece zero" softkey.
workp.
Q 3. Press the "Align edge" softkey.
-OR -
Press the "Distance between 2 edges" softkey.
-OR -
If these softkeys are not listed, press any vertical softkey (with the
S%)m exception of "Set edge") and in the drop-down list, select the desired
measurement version.
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90

4. Select "Measuring only" if you only want to display the measured
values.
SELECT
-OR -
5. In the selection box, select the desired zero offset in which you want to
Q store the zero point.
SELECT
-OR -
colect Press the "Select ZO" softkey to select an settable zero offset.
work offs. In the window "Zero Offset — G54 ... G599", select a zero offset, in
G54... which the zero point should be saved and press the "In manual”
softkey.
In You return to the measurement window.
manual
6. Under "Measuring axis", select the axis in which you want to approach
s%)m the workpiece, and the measuring direction (+ or -).
7. Enter the setpoint angle between the workpiece edge and the reference
axis.
8. Traverse the tool to the workpiece edge.
Store 9. Press the "Save P1" softkey.
P1
Store 10. Reposition the tool and repeat the measuring procedure (step 7) to
P2 measure the second point, and then press the "Save P2" softkey.
Caloulat 11.  Press the "Calculate" softkey.
alcuaie
The angle between the workpiece edge and reference axis is calculated
and displayed.
-OR -
Set Press the "Set ZO" softkey.
wo With "Set ZO", the workpiece edge now corresponds to the setpoint
angle.
The calculated rotation is stored in the zero offset.
Note

Settable zero offsets

The labeling of the softkeys for the settable zero offsets varies, i.e. the settable zero offsets
configured on the machine are displayed (examples: G54...G57, G54...G505, G54...G599).

Please refer to the machine manufacturer's specifications.
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Automatic measurement

1. Prepare the measurement (see steps 1 to 5 above).
2. Traverse the workpiece probe close to the workpiece edge on which
you wish to measure and press the <CYCLE START> key.
Pl This starts the automatic measuring process. The position of measuring
point 1 is measured and stored.

The "P1 stored" softkey becomes active.

P2 3. Repeat the operation to measure and store P2.

Press the "Calculate" softkey.

Calculat
S The angle between the workpiece edge and reference axis is calculated

and displayed.
-OR -

Set Press the "Set ZO" softkey.

wo With "Set ZO", the workpiece edge now corresponds to the setpoint
angle.
The calculated rotation is stored in the correction target that you have
selected.

2.6.7 Measuring a corner

You have the option to measure workpiece corners, which are defined by a right angle (90°)
or any inner angle.

Measuring a right-angled corner

The workpiece corner to be measured has a 90° inner angle and is clamped to the worktable
in any position. By measuring 3 points you can determine the corner point (point of
intersection of the angle side) in the working plane and angle a between the workpiece
reference edge (line through P1 and P2) and the reference axis in the working plane (1st
geometry axis of the working plane).

Measuring any corner

The workpiece corner to be measured has any (not right-angled) inner angle and is clamped
at any position on the worktable. By measuring four points you can determine the corner
point (point of intersection of the angle sides) in the working plane and angle a between the
workpiece reference edge (line through P1 and P2) and the reference axis in the working
plane (1st geometry axis of the working plane) and inner angle B of the corner.
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Note

The coordinate system shown in the help displays is always in relation to the currently set
workpiece coordinate system.

Please be aware of this if you have swiveled or changed the WCS in any other form.

Requirement

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

-OR -

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.

Procedure

1. Select the "Machine" operating area and press the <JOG> key.

& Meas. 2. Press the "Workpiece zero" softkey.

workp.
3. Press the "Right-angled corner" softkey if the workpiece has a right-
Q angled corner.
-OR-
Press the "Any corner" softkey, if you want to measure a corner not
Q equal to 90°.
-OR-
If these softkeys are not listed, press any vertical softkey (with the
exception of "Set edge") and in the drop-down list, select the desired

measurement version.
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12.

2.6 Measuring the workpiece zero

Select "Measuring only" if you only want to display the measured
values.

-OR -
In the selection box, select the desired zero offset in which you want to
store the zero point.

-OR -
Press the "Select ZO" softkey to select an settable zero offset.

In the window "Zero Offset — G54 ... G599", select a zero offset, in
which the zero point should be saved and press the "In manual”
softkey.

You return to the measurement window.

Select the corner (inside corner or outside corner) that you wish to
measure and its position (position 1... position 4).

The position of the measuring points appear in the help display.

Specify the setpoint of the workpiece corner (Z0, X0) you want to
measure.

Traverse the tool (acc. to help display) to the first measuring point P1 if
you are measuring manually.

Press the "Save P1" softkey.
The coordinates of the first measuring point are measured and stored.

Reposition the spindle holding the tool each time, approach measuring
points P2 and P3 and press the "Save P2" and "Save P3" softkeys.

Repeat the procedure to measure the fourth measuring point when you
measure any corner.

Press the "Calculate" softkey.

The corner point and angle a are calculated and displayed.
-OR-

Press the "Set ZO" softkey.

The corner point now corresponds to the setpoint position. The
calculated offset is stored in the zero offset.
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Note

Settable zero offsets

The labeling of the softkeys for the settable zero offsets varies, i.e. the settable zero offsets
configured on the machine are displayed (examples: G54...G57, G54...G505, G54...G599).

Please refer to the machine manufacturer's specifications.

Automatic measurement

CYCLE
START

P1
stored

P2 3.
stored

P:
P4
stored

Calculate

3
stored

Set
W0
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Prepare the measurement (see steps 1 to 6 above).

Approach measuring point P1 with the workpiece probe and press the
<CYCLE START> key.

This starts the automatic measuring process. The position of measuring
point 1 is measured and stored.

The "P1 stored" softkey becomes active.

Repeat the operation to measure and store points P2 and P3.

If you are measuring a corner not equal to 90°, repeat the procedure to
measure and store point P4.

Press the "Calculate" softkey.

The corner point and angle a are calculated and displayed.
-OR -

Press the "Set ZO" softkey.

The corner point now corresponds to the setpoint position. The
calculated offset is stored in the offset target that you have selected.
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2.6 Measuring the workpiece zero

2.6.8 Measuring a pocket and hole

You can measure rectangular pockets and one or more holes and then align the workpiece.

Measuring a rectangular pocket

The rectangular pocket must be aligned at right-angles to the coordinate system. By
automatically measuring four points inside the pocket, its length, width and center point can
be determined.

Measuring one hole

The workpiece with the hole to be measured is clamped to the work table in any position. In
the hole, four points are automatically measured, and from this measurement, the diameter
and center point of the hole are determined.

Measuring two holes

The workpiece with the two holes to be measured is clamped to the work table in any
position. Four points are automatically measured in both holes and the hole centers are
calculated from them. Angle a is calculated from the connecting line between both center
points and the reference axis, and the new zero point that corresponds to the center point of
the 1st hole is determined.

Measuring three holes

The workpiece with the three holes to be measured is clamped to the work table in any
position. Four points are automatically measured in the three holes and the hole centers are
calculated from them. A circle is placed through the three center points. The center point and
the diameter are determined from this circle. This center point represents the new workpiece
zero to be determined. When an angular offset is selected, the base angle of rotation a can
also be determined.

Measuring four holes

The workpiece with the four holes to be measured is clamped to the work table in any
position. Four points are automatically measured in the four holes and the hole centers are
calculated from them. Two hole center points are diagonally connected in each case. The
point of intersection is determined from the two lines that are obtained. This point of
intersection represents the new workpiece zero to be determined. When an angular offset is
selected, the base angle of rotation a can also be determined.

Note
"Measuring only" for automatic measuring

If "Measuring only" is selected as offset target, then instead of the "Set ZO" softkey, the
"Calculate" softkey is displayed.

The measuring versions "Rectangular pocket" and "1 hole" are an exception. For these
single-point measurements, for "Measuring only" neither the "Set ZO" softkey nor the
"Calculate" softkey is listed.
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2.6 Measuring the workpiece zero

Note

You can only measure 2, 3, and 4 holes automatically.

Requirement

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

-OR -

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.

Procedure

'ﬁ' 1. Select the "Machine" operating area and press the <JOG> key.

Ll

Machine

WAAZ
YL

JOG

§§, Meas. 2. Press the "Workpiece zero" softkey.
workp.

3. Press the "Rectangular pocket" softkey.

-OR -

Press the "1 hole" softkey.

-OR -

If these softkeys are not listed, press any vertical softkey (with the
exception of "Set edge") and in the drop-down list, select the desired
measurement version.

4, Select "Measuring only" if you only want to display the measured values.

SELECT

SELECT

-OR -
5. In the selection box, select the desired zero offset in which you want to
Q store the zero point.

SELECT

-OR -
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2.6 Measuring the workpiece zero

Press the "Select ZO" softkey to select an settable zero offset.

In the window "Zero Offset — G54 ... G599", select a zero offset, in which
the zero point should be saved and press the "In manual" softkey.

You return to the measurement window.

Specify the position setpoints (X0/Y0) of the pocket center point or hole
center point.

Traverse the tool to the first/next measuring point if you are measuring
manually.

Press the "Save P1" softkey.
The point is measured and stored.

Repeat steps 6 and 7 to measure and store measuring points P2, P3
and P4.

Press the "Calculate" softkey.

The length, width, and center point of the rectangular pocket or diameter
and center point of the hole are calculated and displayed.

-OR -

Press the "Set ZO" softkey.

The setpoint position of the center point is stored as a new zero point

with "Set ZO". The tool radius is automatically included in the
calculation.

manual
6.
7.
Store 8
P1
Store 9
P2
Store
P4
10.
Galculate
Set
Wo
Note

Settable zero offsets

The labeling of the softkeys for the settable zero offsets varies, i.e. the settable zero offsets
configured on the machine are displayed (examples: G54...G57, G54...G505, G54...G599).

Please refer to the machine manufacturer's specifications.
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Automatic measurement

1. Select the "Measure workpiece zero" function (see steps 1 and 2
above).

2. Press the "Rectangular pocket" softkey.

-OR-
Press the "1 hole" softkey.
-OR-
= Press the "2 holes" softkey.
‘@:'.5
-OR-

Press the "3 holes" softkey.

-OR -
Press the "4 holes" softkey.
)

-OR -

If these softkeys are not listed, press any vertical softkey (with the
exception of "Set edge") and in the drop-down list, select the desired
measurement version.

3. Traverse the workpiece probe to approximately the center above the
rectangular pocket or the hole or for several, above the first hole to be
measured.

4. Specify whether you want "Measurement only" or in which zero offset
you want to store the zero point.

Rectangular 5. e If you do make any entry in the entry field "L" length (1st geometry

pocket axis of the working plane) or "W" width (2nd geometry axis of the
working plane) of the pocket, then the axis moves with the
measuring feedrate from the starting point.
If the measuring stroke does not reach the edge, then this data must
be approximately entered. However, the measuring sequence is
then also shortened as part of the measuring distance is moved with
rapid traverse.

-OR -
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98 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Setting up the machine

2.6 Measuring the workpiece zero

1 hole ¢ If you do not make any entry in the entry field "@hole", then the axis
moves with the measuring feedrate from the starting point.
If the measuring stroke does not reach the edge of the hole, then the
approximate diameter must be entered. However, the measuring
sequence is then also shortened as part of the measuring distance is
moved with rapid traverse.

¢ Enter an angle in "Probe angle". With the probe angle you can turn
the traversing direction of the probe through any angle.
-OR -

2 holes ¢ If you do not make any entry in the entry field "@hole", then the axis
moves with the measuring feed from the starting point. If the
measuring stroke does not reach the edge of the hole, then the
approximate diameter must be entered. However, the measuring
sequence is then also shortened as part of the measuring distance is
moved with rapid traverse.

¢ In"Angle offs.", select entry "Coord. rotation".
-OR -
In "Angle offs.", select the "Rotary axis A, B, C" entry.
o Enter the setpoint angle.
o Specify the position setpoints (X1/Y1) for the center point of the first
hole.
X1 and Y1 are only active, if the "Coor. rotation" entry is selected.
-OR -

3 holes ¢ If you do not make any entry in the entry field "@hole", then the axis
moves with the measuring feed from the starting point. If the
measuring stroke does not reach the edge of the hole, then the
approximate diameter must be entered. However, the measuring

sequence is then also shortened as part of the measuring distance is
moved with rapid traverse.

¢ In "Angle offs." select entry "No".
-OR -
In "Angle offs." select entry "Yes" if you want alignment to be
performed with coordinate rotation.
o Enter the setpoint angle.
The angle entered here refers to the 1st axis of the working plane

(X/Y plane). This input field only appears if you specified "Yes" for
"Angle offs."

e Specify setpoint positions X0 and YO0.
These determine the center point of the circle on which the center
points of the three holes are to lie.

-OR -
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4 holes
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100

¢ If you do not make any entry in the entry field "@hole", then the axis
moves with the measuring feed from the starting point. If the
measuring stroke does not reach the edge of the hole, then the
approximate diameter must be entered. However, the measuring
sequence is then also shortened as part of the measuring distance is
moved with rapid traverse.

¢ In"Angle offs." select entry "No".
-OR -

¢ In"Angle offs." select entry "Yes" if you want alignment to be
performed with coordinate rotation.

e Enter the setpoint angle.
The angle entered here refers to the 1st axis of the working plane

(X/Y plane). This input field only appears if you specified "Yes" for
"Angle offs."

¢ Specify setpoint positions X0 and YO.
These determine the point of intersection of the lines connecting the
hole center points.

Press the <CYCLE START> key.

The tool automatically probes four points of the inner sides of the
pocket or hole in succession.

After the measurement has been successfully completed, the "P1
stored" softkey becomes active.

Then move the tool approximately to the center of the second, third,
and fourth hole and press the <CYCLE START> key.

After measuring points P2, P3, and P4 have been successfully
measured, the "P2 stored", "P3 stored", and "P4 stored" softkeys
become active.

Press the "Calculate" or "Set ZO" softkey.

The length, width, and center point of the rectangular pocket are
calculated and displayed.

For "Set ZO", the setpoint position of the center point is stored as new
zero point.

The diameter and center point of the hole are calculated and displayed.

The tool automatically probes four points of the inside wall of the hole
one after the other and the setpoint position of the center point is stored
as the new zero point.
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2.6 Measuring the workpiece zero

2 holes The tool automatically probes four points of the inside wall of the first
hole successively and after pressing <CYCLE START> again probes
the four points of the inside wall of the second hole.

The angle between the line connecting the center points and the
reference axis is calculated and displayed.

With "Set ZO", the center point of the first hole now corresponds to the
position setpoint. The calculated rotation is stored in the zero offset.

3 holes The tool automatically probes four points of the inside wall of the first
hole successively and after pressing <CYCLE START> again, then the
four points of the inside wall of the second or third hole are successively
probed.

The center point and the diameter of the circle on which the three hole
center points lie are calculated and displayed. If you selected entry
"Yes" for "Angle offs.", the angle a is additionally calculated and
displayed.

With "Set ZO", the center point of the first hole now corresponds to the
position setpoint. The calculated rotation is stored in the zero offset.

4 holes The tool automatically probes four points of the inside wall of the first
hole successively. After pressing <CYCLE START> again, the tool
automatically probes the four points of the inside wall of the second,
third and fourth holes.

The hole center points are connected diagonally and the intersection
point of the two connecting lines calculated and displayed. If you
selected entry "Yes" for "Angle offs.", the angle a is additionally
calculated and displayed.

With "Set ZO", the intersection point now corresponds to the position
setpoint. The calculated rotation is stored in the zero offset.

269 Measuring a spigot
You have the option to measure and align rectangular spigots, and one or more circular
spigots.
Measuring a rectangular spigot

The rectangular spigot should be aligned at right-angles to the coordinate system. By
measuring four points at the spigot you can determine the length, width, and center point of
the spigot.

Please note that the straight lines between points P1 and P2 or P3 and P4 must intersect
with one another, in order that a measurement result is displayed.
Measuring one circular spigot

The workpiece is located anywhere on the work table and has a circular spigot. You can
determine the diameter and center point of the spigot with four measuring points.
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Requirement

102

Measuring two circular spigots

The workpiece is located anywhere on the work table and has 2 spigots. Four points are
automatically measured at the two spigots and the spigot centers are calculated from them.
The angle a is calculated from the connecting line between both center points and the
reference axis, and the new zero point that corresponds to the center point of the first spigot
is determined.

Measuring three circular spigots

The workpiece is located anywhere on the work table and has three spigots. Four points are
automatically measured at the three spigots and the spigot centers are calculated from them.
A circle is placed through the three center points and the circle center and circle diameter
are determined.

When an angular offset is selected, the base angle of rotation a can also be determined.

Measuring four circular spigots

The workpiece is located anywhere on the work table and has four spigots. four points are
automatically measured at the four spigots and the spigot centers are calculated from them.
Two spigot center points are each connected diagonally and the intersection point of the two
lines is then determined. When an angular offset is selected, the base angle of rotation a can
also be determined.

Note
"Measuring only" for automatic measuring

If "Measuring only" is selected as offset target, then instead of the "Set ZO" softkey, the
"Calculate" softkey is displayed.

The measuring versions "Rectangular spigot" and "1 circular spigot" are an exception. For
these single-point measurements, for "Measuring only" neither the "Set ZO" softkey nor the
"Calculate" softkey is listed.

Note

You can only measure 2, 3, and 4 circular spigots automatically.

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.
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2.6 Measuring the workpiece zero

Select the "Machine" operating area and press the <JOG> key.

Press the "Workpiece zero" softkey.

Press the "Rectangular spigot" softkey.

-OR -
Press the "1 circular spigot" softkey.

-OR -

If these softkeys are not listed, press any vertical softkey (with the
exception of "Set edge") and in the drop-down list, select the desired
measurement version.

Select "Measuring only" if you only want to display the measured values.

-OR -
Select the desired zero offset in which you want to store the zero point
(e.g. basis reference).

-OR -
Press the "Select ZO" softkey and select the zero offset in which the
zero point is to be saved in the "Zero Offset — G54 ... G599" window and
press the "In manual" softkey.

You return to the "1 Circular Spigot" window.
The selection of zero offsets can differ.
Please refer to the machine manufacturer's specifications.

Specify the position setpoints (X0/Y0) of the spigot center point PO.
Traverse the tool to the first measuring point.

Press the "Save P1" softkey.

The point is measured and stored.
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Slore 8. Repeat steps 6 and 7 to measure and store measuring points P2, P3
P2 and P4.
Store
P4
Press the "Calculate" softkey.
Galculate . . .
The diameter and center point of the spigot are calculated and
displayed.
-OR -
Set Press the "Set ZO" softkey.
wo The setpoint position of the center point is stored as a new zero point
with "Set ZO". The tool radius is automatically included in the
calculation.
Note

Settable zero offsets

The labeling of the softkeys for the settable zero offsets varies, i.e. the settable zero offsets
configured on the machine are displayed (examples: G54...G57, G54...G505, G54...G599).

Please refer to the machine manufacturer's specifications.

Automatic measurement

104

2.

Select the "Measure workpiece zero" function (see steps 1 and 2
above).

Press the "Rectangular spigot" softkey.

-OR-
Press the "1 circular spigot" softkey.

-OR-
Press the "2 circular spigots" softkey.

-OR -
Press the "3 circular spigots" softkey.

-OR-
Press the "4 circular spigots" softkey.

-OR -
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2.6 Measuring the workpiece zero

If these softkeys are not listed, press any vertical softkey (with the
exception of "Set edge") and in the drop-down list, select the desired
measurement version.

Traverse the workpiece probe to approximately the center above the
rectangular or circular spigot, or for several, above the first spigot to be
measured.

Specify whether you want "Measurement only" or in which zero offset
you want to store the zero point.

¢ Enter the infeed value in "DY" to determine the measuring depth.

¢ Infield "L" enter the length (1st geometry axis of the working plane)
and in field "W" the width (2nd geometry axis of the working plane)
of the spigot.

-OR -

¢ Enter the approximate diameter of the spigot into "@spigot".

o Enter an angle in "Probe angle". With the probe angle you can turn
the traversing direction of the probe through any angle.

-OR-

e Enter the approximate diameter of the spigot into "Qspigot".

e Enter the infeed value in "DY" to determine the measuring depth.

¢ In "Angle offs.", select entry "Coor. rotation" or "Rotary axis A, B, C".

e Enter the setpoint angle.

e Enter the position setpoints (Z0/X0) for the center point of the first
spigot.

The setpoint angle refers to the 1st axis of the working plane (X/Y

plane).

The input fields for the setpoint positions are only active if you selected

the angle offset via coordinate rotation.

-OR -
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Enter the approximate diameter of the spigot into "@spigot".

e Enter the infeed value in "DY" to determine the measuring depth.

¢ In"Angle offs.", select entry "No", or in "Angle offs." select entry
"Yes" if you want to align using coordinate rotation.

e Specify the setpoint angle if you selected entry "Yes" for "Angle
offs."

o Enter the setpoint positions Z0 and X0 to determine the center point
of the circuit on which the center points of three spigots lie.

The setpoint angle refers to the 1st axis of the working plane (X/Y

plane). This input field only appears if you specified "Yes" for "Angle

offs.”

-OR-

¢ Enter the approximate diameter of the spigot into "@spigot".

o Enter the infeed value in "DZ" to determine the measuring depth.

¢ In "Angle offs.", select entry "Yes" if you want to align using
coordinate rotation or select in "Angle offs." the entry "No".

e Enter the setpoint angle.

e Enter the setpoint positions X0 and YO to determine the point of

intersection of the connecting lines between the spigot center points.

The setpoint angle refers to the 1st axis of the working plane (X/Y
plane). This input field only appears if you specified "Yes" for "Angle
offs."

Press the <CYCLE START> key.
This starts the automatic measuring process. The tool automatically

probes four points in succession of the rectangular or spigot outer wall
or the outer wall of the first spigot if several spigots are to be measured.

After the measurement has been successfully completed, the center of
the spigot is determined and the "P1 stored" softkey becomes active.

If you are measuring several spigots, then move the tool approximately
to the center of the second, third, and fourth spigot and press the
<CYCLE START> key.
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2.6 Measuring the workpiece zero

After the measurement has been successfully completed, P2, P3 and
P4 are stored and the softkeys "P2 stored", "P3 stored", and "P4 stored"
become active.

Press the or "Calculate" or "Set ZO"softkey.

The length, width, and center point of the rectangular spigot are
calculated and displayed.

For "Set ZO", the setpoint position of the center point is stored as new
zero point. The tool radius is automatically included in the calculation.

The diameter and center point of the spigot are calculated and
displayed.

For "Set ZO", the setpoint position of the center point is stored as new
zero point. The tool radius is automatically included in the calculation.

The angle between the line connecting the center points and the
reference axis is calculated and displayed.

For "Set ZO", the center point of the first spigot now corresponds to the
position setpoint. The calculated rotation is stored in the zero offset.

The center point and the diameter of the circle on which the three spigot
center points lie are calculated and displayed. If you selected entry
"Yes" in "Coor. rotation", then angle a is additionally calculated and
displayed.

For "Set ZO", the center point of the circle now corresponds to the
position setpoint. The calculated rotation is stored in the zero offset.

The spigot center points are connected diagonally and the intersection
point of the two connecting lines calculated and displayed. If you
selected entry "Yes" in "Coor. rotation", then angle a is additionally
calculated and displayed.

For "Set ZO", the intersection point now corresponds to the position
setpoint. The calculated rotation is stored in the zero offset.
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2.6.10

Requirement

Procedure

108

Aligning the plane

You can measure an inclined plane of a workpiece in space and determine rotation angles a
and . By subsequently performing coordinate rotation, you can align the tool axis
perpendicular to the workpiece plane.

In order to determine the position of the plane in space, three different points are measured
along the tool axis. To vertically align the tool axis, the "Swivel" function or the 5 axis
transformation (TRAORI) must be set-up at the machine.

In order to be able to measure the plane, the surface must be flat.

You can insert any tool in the spindle for scratching when measuring the workpiece zero
manually.

An electronic workpiece probe is inserted in the spindle and activated when measuring the
workpiece zero automatically.

'ﬁ' 1. Select the "Machine" operating area and press the <JOG> key.

Ll

Machine

WAAZ
YL

JOG

gg, Meas. 2. Press the "Workpiece zero" and "Align plane" softkeys.

workp. The "Align plane" window opens.
3. Select "Measuring only" if you only want to display the measured
Q values.
SELECT
-OR-
Select the desired zero offset in which you want to store the zero point
s%)m (e.g. basis reference).

-OR -
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Waorl
offset

G54...
G599

In
manual

Store
P

Store
P2

Store
P3

Set
WO

Galculate

See also

2.6 Measuring the workpiece zero

Press the "Select ZO" softkey and select the zero offset in which the
zero point is to be saved in the "Zero Offset — G54 ... G599" window
and press the "In manual" softkey.

You return to the appropriate measurement window.

You return to the "Align plane" window.
The selection of zero offsets can differ.
Please refer to the machine manufacturer's specifications.

Traverse the tool to the first measuring point that you want to
determine.

Press the "Save P1" softkey.

Then traverse the tool to the second and third measuring point and
press the "Save P2" and "Save P3" softkeys.

Press the "Set ZO" or "Calculate" softkey.
Angles a and B are calculated and displayed.
For "Set ZO" the angle offset is stored in the zero offset.

Corrections after measurement of the zero point (Page 111)

Milling
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2.6 Measuring the workpiece zero

2.6.11 Defining the measurement function selection

The measurement versions "Set edge", "Align edge", "Right-angled corner”, "1 hole" and "1
circular spigot” are listed in the "Measure workpiece zero" in the associated vertical softkey
bar.

You have the option of replacing these by softkeys with other measurement versions.

"Set edge" softkey

The "Set edge" softkey cannot be assigned the softkey of another
measurement version.

L]

Software option

You require the "Extended operator function" option for the measurement function
selection (only for 828D).

Procedure
M 1. The "Measure workpiece zero" function is selected.
UL
JoG
§§ Meas.
workp.
2. Press the softkey that you wish to assign to a new measurement
’@' version, e.g. "1 circular spigot".

The "1 Circular Spigot" window opens.

3. Open the list of measurement versions, select the desired
<&> measurement version using the <Cursor down> and the <Input> keys.

INSERT

v _OR-

3. Using the <Select> key, in the drop down list box, select the desired
Q measurement version, e.g. "Align plane".

The "Align plane" window opens.

4. Enter the required parameter in order to make the measurement as
usual.
-OR -
Milling
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2.6 Measuring the workpiece zero

<« Press the "Back" softkey.
Back

The selected softkey is assigned the new measurement version, in this

ﬁ case, "Align plane".

2.6.12 Corrections after measurement of the zero point

If you store the workpiece zero in a work offset, changes to the coordinate system or axis
positions might be necessary in the following cases.

® Correcting the work offset causes the workpiece coordinate system to rotate, after which
the tool can be aligned perpendicularly to the plane.

® Correcting the work offset necessitates positioning of the rotary axis in order to align the
workpiece parallel with the coordinate system

Activation windows help you to adapt the coordinate system and the axis positions.

Procedure
Activating work offset
You stored the workpiece zero in a work offset that was not active
during measurement.
Sat 1. When you press the "Set WO" softkey, the activation window opens
Wo asking whether you want to "Activate work offset Gxxx now?".
2. Press the "OK" softkey to activate the corrected work offset.
0K
Aligning and retracting the tool (for aligning the plane)
Rotating the workpiece coordinate system makes it necessary to realign
the tool to the plane.
The activation window asking whether you want to "Position measuring
probe perpendicular to plane?" is displayed.
1. Select "Yes" if you want to swivel into the plane.
SEECT The query "Positioning by swiveling! Retract?" is displayed.
2. Select the retraction method you want to use.
SELECT
Milling
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2.6 Measuring the workpiece zero

112

CYCLE
START

Press the <CYCLE START> key.

When the axis has been retracted the tool is realigned with the help of
the swivel cycle.

You can now measure again.

Positioning a rotary axis and entering a feedrate

O

SELECT

Rapid

CYCLE
START

Once you have measured the workpiece zero you must reposition the
rotary axis.

Note:

Retract the probe to a safe position before the rotary axis should move.
The activation window asking whether you want to "Position rotary axis
X to align?" is displayed.

Select "Yes" if you want to position the rotary axis.

An input field for the feedrate and the softkey "Rapid traverse" are
displayed.

Press the "Rapid traverse" softkey to enter the feedrate in rapid
traverse.

-OR -
Enter the desired feedrate into input field "F".

Press the <CYCLE START> key.
The rotary axis is repositioned.
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2.7 Zero offsets

2.7 Zero offsets

Following reference point approach, the actual value display for the axis coordinates is
based on the machine zero (M) of the machine coordinate system (Machine). The program
for machining the workpiece, however, is based on the workpiece zero (W) of the workpiece
coordinate system (Work). The machine zero and workpiece zero are not necessarily
identical. The distance between the machine zero and the workpiece zero depends on the
workpiece type and how it is clamped. This zero offset is taken into account during execution
of the program and can be a combination of different offsets.

Following reference point approach, the actual value display for the axis coordinates is
based on the machine zero of the machine coordinate system (Machine).

The actual value display of the positions can also refer to the SZS coordinate system
(settable zero system). The position of the active tool relative to the workpiece zero is
displayed.

W wes

\Coordinate transformation
Total SZS
offset \ /\Work offset, fine
/ Work offset, coarse
/\Basic offset MCS

& -

M

Figure 2-1 Zero offsets

When the machine zero is not identical to the workpiece zero, at least one offset (base offset
or zero offset) exists in which the position of the workpiece zero is saved.

Base offset

The base offset is a zero offset that is always active. If you have not defined a base offset, its
value will be zero. The base offset is specified in the "Zero Offset - Base" window.

Coarse and fine offsets

Every zero offset (G54 to G57, G505 to G599) consists of a coarse offset and a fine offset.
You can call the zero offsets from any program (coarse and fine offsets are added together).
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2.7 Zero offsets

You can save the workpiece zero, for example, in the coarse offset, and then store the offset
that occurs when a new workpiece is clamped between the old and the new workpiece zero
in the fine offset.

Note
Deselect fine offset (only 840D sl)

You have the option of deselecting the fine offset using machine data MD18600
$MN_MM_FRAME_FINE_TRANS

See also

Actual value window (Page 38)

2.71 Display active zero offset
The following zero offsets are displayed in the "Zero Offset - Active" window:
e Zero offsets, for which active offsets are included, or for which values are entered.
e Settable zero offsets
e Total zero offset
This window is generally used only for monitoring.

The availability of the offsets depends on the setting.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.
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2.7 Zero offsets
Procedure
l_’@ 1. Select the "Parameter” operating area.
Parameter
— Work 2. Press the "Zero offset" softkey.
na offset The "Zero Offset - Active" window is opened.
Note
Further details on zero offsets
If you would like to see further details about the specified offsets or if you would like to
change values for the rotation, scaling or mirroring, press the "Details" softkey.
27.2 Displaying the zero offset "overview"

The active offsets or system offsets are displayed for all set-up axes in the "Zero Offset -
Overview" window.

In addition to the offset (course and fine), the rotation, scaling and mirroring defined using
this are also displayed.

This window is generally used only for monitoring.

Display of active zero offsets

Zero offsets

DRF Displays the handwheel axis offset.

Basic reference Displays the additional zero offsets programmed with $P_SETFRAME.
Access to the system offsets is protected via a keyswitch.

External ZO frame Displays the additional zero offsets programmed with $P_EXTFRAME.

Total base ZO Displays all effective basis offsets.

G500 Displays the zero offsets activated with G54 - G599.

Under certain circumstances, you can change the data using "Set ZO",
i.e. you can correct a zero point that has been set.
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2.7 Zero offsets
Zero offsets
Tool reference Displays the additional zero offsets programmed with
$P_TOOLFRAME.
Workpiece reference Displays the additional zero offsets programmed with $P_WPFRAME.
Programmed ZO Displays the additional zero offsets programmed with $P_PFRAME.
Cycle reference Displays the additional zero offsets programmed with $P_CYCFRAME.
Total ZO Displays the active zero offset, resulting from the total of all zero
offsets.
Procedure
1_'@ 1. Select the "Parameter” operating area.
Parameter
— Work 2 Press the "Zero offset" and "Overview" softkeys.
[ gifs o Wi
offset The "Zero Offsets - Overview" window opens.
Ouerview
2.7.3 Displaying and editing base zero offset
The defined channel-specific and global base offsets, divided into coarse and fine offsets,
are displayed for all set-up axes in the "Zero offset - Base" window.
Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.
Procedure

L@ 1. Select the "Parameter” operating area.

Parameter

Work 2. Press the "Zero offset" softkey.

l offset
. 3. Press the "Base" softkey.
. The "Zero Offset - Base" window is opened.

4. You can edit the values directly in the table.

Milling
116 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Setting up the machine
2.7 Zero offsets

Note
Activate base offsets

The offsets specified here are immediately active.

274 Displaying and editing settable zero offset

All settable offsets, divided into coarse and fine offsets, are displayed in the "Zero Offset -
G54..G599" window.

Rotation, scaling and mirroring are displayed.

Procedure
l_’@ 1. Select the "Parameter” operating area.
Parameter
i Work 2. Press the "Zero offset" softkey.
offset
S— 3. Press the "G54...G599" softkey.
The "Zero Offset - G54..G599" window is opened.
Note
The labeling of the softkeys for the settable zero offsets varies, i.e. the
settable zero offsets configured on the machine are displayed
(examples: G54...G57, G54...G505, G54...G599).
Please observe the machine manufacturer's specifications.
4. You can edit the values directly in the table.
Note
Activate settable zero offsets
The settable zero offsets must first be selected in the program before they have an impact.
Milling
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2.7 Zero offsets

2.7.5

Procedure

118

Displaying and editing details of the zero offsets

For each zero offset, you can display and edit all data for all axes. You can also delete zero

offsets.

For every axis, values for the following data will be displayed:

® Coarse and fine offsets

® Rotation
® Scaling

® Mirroring

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Note

Settings for rotation, scaling and mirroring are specified here and can only be changed here.

1 O

Parameter

1 Work
| offset

Active

G54...6G599

Details

Glear
Offset

Select the "Parameter” operating area.

Press the "Zero offset" softkey.

Press the "Active", "Base" or "G54...G599" softkey.
The corresponding window appears.

Place the cursor on the desired zero offset to view its details.
Press the "Details" softkey.

A window opens, depending on the selected zero offset, e.g. "Zero
Offset - Details: G54 to G599".

You can edit the values directly in the table.
-OR -
Press the "Clear offset" softkey to reset all entered values.
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2.7 Zero offsets

Press the "ZO +" or "ZO -" softkey to select the next or previous offset,
WO + respectively, within the selected area ("Active", "Base", "G54 to G599")

without first having to switch to the overview window.

If you have reached the end of the range (e.g. G599), you will switch
WO - automatically to the beginning of the range (e.g. G54).

These value changes are available in the part program immediately or after "Reset".

Machine manufacturer
{}é} Please refer to the machine manufacturer's specifications.

« Press the "Back" softkey to close the window.
Bacl ‘
2.7.6 Deleting a zero offset

You have the option of deleting zero offsets. This resets the entered values.

Procedure
l_’@ 1. Select the "Parameter” operating area.
Parameter
— Work 2. Press the "Zero offset" softkey.
| offset
. 3. Press the "Active", "Base" or "G54...G599" softkey.
Active
G54...6599
4. Press the "Details" softkey.
Details
5. Position the cursor on the zero offset you would like to delete.
Clear 6. Press the "Clear offset" softkey.
Offset
Milling
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2.7 Zero offsets

2.17.7

Procedure

120

Measuring the workpiece zero

1 O

Parameter

1 Work
| offset

G54...6599

Wiork
Measure

2o Meas.
S workp.

X

Set
W

Select the "Parameters" operating area and press the "Zero offset"
softkey.

Press the "G54...G599" softkey and select the zero offset in which the
zero point is to be saved.

Press the "Workpiece zero" softkey.

You change to the "Set Edge" window in the "JOG" mode.

Use the softkeys to select in which axis direction you want to approach
the workpiece first.

Select the measuring direction (+ or -) you want to approach the
workpiece in.

The measuring direction cannot be selected for Z0.

In X0, YO, or Z0, specify the setpoint position of the workpiece edge you
are approaching.

Traverse the tool up to the workpiece edge and press the "Set ZO"
softkey to measure the workpiece zero.
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2.8

2.8.1

Requirements

Procedure

Milling

2.8 Monitoring axis and spindle data

Monitoring axis and spindle data

Specify working area limitations

The "Working area limitation" function can be used to limit the range within which a tool can
traverse in all channel axes. These commands allow you to set up protection zones in the
working area which are out of bounds for tool movements.

In this way, you are able to restrict the traversing range of the axes in addition to the limit
switches.

You can only make changes in "AUTO" mode when in the RESET condition. These changes
are then immediate.

You can make changes in "JOG" mode at any time. These changes, however, only become
active at the start of a new motion.

l_’@ 1. Select the "Parameter" operating area.

Parameter

2. Press the "Setting data" softkey.

SD data
The "Working Area Limitation" window appears.
area limit.
3. Place the cursor in the required field and enter the new values via the
numeric keyboard.
The upper or lower limit of the protection zone changes according to
your inputs.
4, Click the "active" checkbox to activate the protection zone.
Note

You will find all of the setting data in the "Start-up" operating area under "Machine data" via
the menu forward key.
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2.8 Monitoring axis and spindle data

28.2 Editing spindle data

The speed limits set for the spindles that must not be under- or overshot are displayed in the
"Spindles" window.

You can limit the spindle speeds in fields "Minimum" and "Maximum" within the limit values
defined in the relevant machine data.

Spindle speed limitation at constant cutting rate
In field "Spindle speed limitation at G96", the programmed spindle speed limitation at
constant cutting speed is displayed together with the permanently active limitations.

This speed limitation, for example, prevents the spindle from accelerating to the max. spindle
speed of the current gear stage (G96) when performing tapping operations or machining
very small diameters.

Note
The "Spindle data" softkey only appears if a spindle is configured.

Procedure

1. Select the "Parameter" operating area.

1 O

Parameter
2. Press the "Setting data" and "Spindle data" softkeys.
| Setting
data The "Spindles" window opens.
Spindle
data
3. If you want to change the spindle speed, place the cursor on the

"Maximum", "Minimum", or "Spindle speed limitation at G96" and enter a
new value.
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2.9 Displaying setting data lists

2.9 Displaying setting data lists

You can display lists with configured setting data.

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

Procedure
l_’@ 1. Select the "Parameter" operating area.
Parameter
2. Press the "Setting data" and "Data lists" softkeys.
IsD "5 "t o
data The "Setting Data Lists" window opens.
Data
lists
celect 3. Press the "Select data list" softkey and in the "View" list, select the
data list required list with setting data.
2.10 Handwheel assignment
You can traverse the axes in the machine coordinate system (Machine) or in the workpiece
coordinate system (Work) via the handwheel.
Software option
E You require the "Extended operator functions" option for the handwheel offset
(only for 828D).
All axes are provided in the following order for handwheel assignment:
® Geometry axes
When traversing, the geometry axes taken into account the actual machine status (e.g.
rotations, transformations). All channel machine axes, which are currently assigned to the
geometry axis, are in this case simultaneously traversed.
® Channel machine axes
Channel machine axes are assigned to the particular channel. They can only be
individually traversed, i.e. the actual machine state has no influence.
The also applies to channel machine axes, that are declared as geometry axes.
Milling
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2. 10 Hanawheel assignment

Procedure

wheel

>

INSERT

124

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Select the "Machine" operating area.

Press the <JOG>, <AUTO> or <MDI> key.

Press the menu forward key and the "Handwheel" softkey.
The "Handwheel" window appears.

A field for axis assignment will be offered for every connected
handwheel.

Position the cursor in the field next to the handwheel with which you
wish to assign the axis (e.g. No. 1).

Press the corresponding softkey to select the desired axis (e.g. "X").

-OR

Open the "Axis" selection box using the <INSERT> key, navigate to the
desired axis, and press the <INPUT> key.

Selecting an axis also activates the handwheel (e.g., "X" is assigned to
handwheel no. 1 and is activated immediately).

Press the "Handwheel" softkey again.
-OR -

Press the "Back" softkey.
The "Handwheel" window closes.
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Deactivate handwheel

2.

o

INSERT

2

INPUT

Milling

2. 10 Handwheel assignment

Position the cursor on the handwheel whose assignment you wish to
cancel (e.g. No. 1).

Press the softkey for the assigned axis again (e.g. "X").

-OR -
Open the "Axis" selection box using the <INSERT> key, navigate to the
empty field, and press the <INPUT> key.

Clearing an axis selection also clears the handwheel selection (e.g., "X"
is cleared for handwheel no. 1 and is no longer active).
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2.11 MDA

2.1 MDA

In "MDA" mode (Manual Data Automatic mode), you can enter G-code commands block-by-
block and immediately execute them for setting up the machine.

You can load an MDA program straight from the Program Manager into the MDA buffer. You
may also store programs which were rendered or changed in the MDA operating window into
any directory of the Program Manager.

B

Software option

You require the "Extended operator functions" option to load and save MDA
programs (for 828D).

2111 Loading an MDA program from the Program Manager
Procedure
,ml Select the "Machine" operating area.
el
Machine

1)

MDA

4+ Load
1]

Search

0K

126

Press the <MDI> key.

The MDI editor opens.
Press the "Load MDI" softkey.

A changeover is made into the Program Manager.

The "Load in MDI" window opens. It shows you a view of the program
manager.

Position the cursor to the corresponding storage location, press the
"Search" softkey and enter the required search term in the search
dialog if you wish to search for a specific file.

"wikn

Note: The place holders "*" (replaces any character string) and "?"
(replaces any character) make it easier for you to perform a search.

Select the program that you would like to edit or execute in the MDI
window.

Press the "OK" softkey.
The window closes and the program is ready for operation.
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2.11.2

Procedure

Milling

2.11 MDA

Saving an MDA program

M,

el

Machine

MDA

3.
+ Save 4.
[ 1]}
5.
Search ‘
W 6
0K
7
0K

@ 2.

Select the "Machine" operating area.

Press the <MDI> key.

The MDI editor opens.

Create the MDI program by entering the G-code commands using the
operator's keyboard.

Press the "Store MDI" softkey.

The "Save from MDI: Select storage location" window opens. It shows
you a view of the program manager.

Select the drive to which you want to save the MDI program you
created, and place the cursor on the directory in which the program is to
be stored.

-OR-

Position the cursor to the required storage location, press the "Search”

softkey and enter the required search term in the search dialog if you
wish to search for a specific directory or subdirectory.

Note: The place holders "*" (replaces any character string) and "?"
(replaces any character) make it easier for you to perform a search.

Press the "OK" softkey.

When you place the cursor on a folder, a window opens which prompts
you to assign a name.

-OR -
When you place the cursor on a program, you are asked whether the
file should be overwritten.

Enter the name for the rendered program and press the "OK" softkey.

The program will be saved under the specified name in the selected
directory.
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2.11 MDA

2.11.3 Executing an MDA program

Proceed as follows

'ﬁ' 1. Select the "Machine" operating area.
el
Machine
2. Press the <MDA> key.
) . Y
VDA The MDA editor opens.
3. Input the desired G-code commands using the operator’s keyboard.

4, Press the <CYCLE START> key.

CYCLE
START

The control executes the input blocks.

When executing the G-code commands, you can control the sequence as follows:
e Executing the program block-by-block
e Testing the program
Settings under program control
® Setting the test-run feedrate

Settings under program control

2114 Deleting an MDA program

Precondition

The MDA editor contains a program that you created in the MDI window or loaded from the
program manager.

Procedure

Delete Press the "Delete blocks" softkey.
blocks

The program blocks displayed in the program window are deleted.
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3.1 General

Always use "JOG" mode when you want to set up the machine for the execution of a
program or to carry out simple traversing movements on the machine:

® Synchronize the measuring system of the controller with the machine (reference point
approach)

® Set up the machine, i.e. activate manually-controlled motions on the machine using the
keys and handwheels provided on the machine control panel.

® You can activate manually controlled motions on the machine using the keys and
handwheels provided on the machine control panel while a part program is interrupted.

3.2 Selecting a tool and spindle

3.2.1 T, S, M windows

For the preparatory actions in manual mode, tool selection and spindle control are both
performed centrally in a screen form.

In manual mode, you can select a tool either by its name or its location number. If you enter
a number, a search is performed for a name first, followed by a location number. This means
that if you enter "5", for example, and no tool with the name "5" exists, the tool is selected
from location number "5".

Note

Using the location number, you can thus swing around an empty space into the machining
position and then comfortably install a new tool.

3%

Milling

Machine manufacturer
Please refer to the machine manufacturer's specifications.
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3.2 Selecting a tool and spindle

Display Meaning
T Input of the tool (name or location number)
You can select a tool from the tool list using the "Select tool"
softkey.
D Cutting edge number of the tool (1 - 9)
Spindle Spindle selection, identification with spindle number
Spindle M function ﬁ
o
g'u
(ol
Other M functions Input of machine functions

Refer to the machine manufacturer's table for the correlation
between the meaning and number of the function.

G work offset Selection of the work offset (basic reference, G54 - 57)

You can select work offsets from the tool list of settable work
offsets via the "Work offset" softkey.

Unit of measurement Selection of the unit of measurement (inch, mm)
The setting made here has an effect on the programming.
Machining plane Selection of the machining plane (G17(XY), G18 (ZX), G19 (YZ))
Gear stage Specification of the gear stage (auto, | - V)
Stop position Input of the spindle position in degrees
Note
Spindle positioning

You can use this function to position the spindle at a specific angle, e.g. during a tool
change.
o A stationary spindle is positioned via the shortest possible route.

e A rotating spindle is positioned as it continues to turn in the same direction.
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3.2.2 Selecting a tool

Procedure

M,

el

Machine

M
UL

Joe

9 T.SM >

3.
Select
tool
In
manual
Q 4.
SELECT
5.
CYCLE
START

Milling

3.2 Selecting a tool and spindle

Select the "JOG" operating mode.

Press the "T, S, M" softkey.

Enter the name or the number of the tool T in the input field.
-OR -

Press the "Select tool" softkey to open the tool list, position the cursor
on the desired tool and press the "In Manual" softkey.

The tool is transferred to the "T, S, M... window" and displayed in the
field of tool parameter "T".

Select tool edge D or enter the number directly in field "D".

Press the <CYCLE START> key.
The tool is loaded into the spindle.
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3.2 Selecting a tool and spindle

3.2.3 Starting and stopping a spindle manually

Procedure

M,

Ll

Machine

WAAZ
YL

JOG

3o TSM

O

SELECT

O

SELECT

CYCLE
START

O

SELECT

CYCLE
START

Select the "JOG" operating mode.

Press the "T, S, M" softkey.

Select the desired spindle (e.g. S1) and enter the desired spindle speed
(rpm) in the adjacent input field.

The spindle remains stationary.

If the machine has a gearbox for the spindle, set the gear stage (e.g.
auto).

Select a spindle direction of rotation (clockwise or counterclockwise) in
the "Spindle M function" field.

Press the <CYCLE START> key.
The spindle rotates.

Select the "Stop" setting in the "Spindle M function" field.

Press the <CYCLE START> key.
The spindle stops.

Note

Changing the spindle speed

If you enter the speed in the "Spindle" field while the spindle is rotating, the new speed is

applied.

132
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3.24 Position spindle

Procedure

M,

el

Machine

M
UL

Joe

9 T.SM >

3.2 Selecting a tool and spindle

Select the "JOG" operating mode.

Press the "T, S, M" softkey.
Select the "Stop Pos." setting in the "Spindle M function" field.
The "Stop Pos." entry field appears.

Enter the desired spindle stop position.
The spindle position is specified in degrees.
Press the <CYCLE START> key.

The spindle is moved to the desired position.

Q 3.
SELECT

4,

5.
CYCLE
START
Note

You can use this function to position the spindle at a specific angle, e.g. during a tool

change.

o A stationary spindle is positioned via the shortest possible route.
e A rotating spindle is positioned as it continues to turn in the same direction.

Milling
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3.3 Traversing axes

3.3

3.3.1

Procedure

134

Traversing axes

You can traverse the axes in manual mode via the Increment or Axis keys or handwheels.

During a traverse initiated from the keyboard, the selected axis moves at the programmed
setup feedrate. During an incremental traverse, the selected axis traverses a specified

increment.

Set the default feedrate

Specify the feedrate to be used for axis traversal in the set-up, in the "Settings for Manual

Operation" window.

Traverse axes by a defined increment

You can traverse the axes in manual mode via the Increment and Axis keys or handwheels.

Machine

Select the "Machine" operating area.

Press the <JOG> key.

Press keys 1, 10, etc. up to 10000 in order to move the axis in a defined
increment.

The numbers on the keys indicate the traverse path in micrometers or
microinches.

Example: Press the "100" button for a desired increment of 100 pm (=
0.1 mm).

Select the axis to be traversed.

Press the <+> or <-> key.

Each time you press the key the selected axis is traversed by the
defined increment.

Feedrate and rapid traverse override switches can be operative.

Milling
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3.3 Traversing axes

Note

When the controller is switched on, the axes can be traversed right up to the limits of the
machine as the reference points have not yet been approached and the axes referenced.
Emergency limit switches might be triggered as a result.

The software limit switches and the working area limitation are not yet operative!

The feed enable signal must be set.

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

3.3.2 Traversing axes by a variable increment

Procedure

M,

el

Machine

M
UL

Joe

ﬁx Settings

[VARI

Milling

Select the "Machine" operating area.

Press the <JOG> key.

Press the "Settings" softkey.
The "Settings for Manual Operation" window is opened.

Enter the desired value for the "Variable increment" parameter.
Example: Enter 500 for a desired increment of 500 pm (0.5 mm).
Press the <Inc VAR> key.

Select the axis to be traversed.
Press the <+> or <-> key.

Each time you press the key the selected axis is traversed by the set
increment.

Feedrate and rapid traverse override switches can be operative.
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3.4 Positioning axes

3.4 Positioning axes

In manual mode, you can traverse individual or several axes to certain positions in order to
implement simple machining sequences.

The feedrate / rapid traverse override is active during traversing.

Procedure
1. If required, select a tool.
A 2 Select the "JOG" operating mode.
UL
JoG
Posi- 3. Press the "Positions" softkey.
i tion
4, Specify the desired value for the feedrate F.
-OR -
Ranid Press the "Rapid traverse" softkey.
ap! The rapid traverse is displayed in field "F".
5. Enter the target position or target angle for the axis or axes to be
traversed.
6. Press the <CYCLE START> key.
aae The axis is traversed to the specified target position.

If target positions were specified for several axes, the axes are
traversed simultaneously.
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3.5 Swiveling

3.5 Swiveling

Manual swivel in the JOG mode provides functions that make it far easier to setup, measure,
and machine workpieces with swiveled surfaces.

If you want to create or correct an inclined position, the required rotations of the workpiece
coordinate system around the geometry axes (X, Y, Z) are automatically converted into
suitable positions of the machine kinematics.

Alternatively, you can program the swivel axes of the machine "directly" and generate a
matching workpiece coordinate system for those swivel axis positions. After swiveling, the
tool axis (for G17 Z) is always perpendicular to the working plane (for G17 XY).

The swiveled coordinates are maintained in the Reset status and after Power On, if the
machine manufacturer has correspondingly set the machine data. With these settings, after
a program interrupt, e.g. as a result of a retraction in the +Z direction, you can retract from an
inclined hole.

Machine manufacturer
%} Please refer to the machine manufacturer's specifications.

Important parameters
® TC - name of swivel data record
Here you can select the swivel data record.
® Retraction

Before swiveling the axes you can move the tool to a safe retraction position. The
retraction methods available to you are defined in the "Retraction position" parameter
during set-up of the swivel data record.

"Retraction" corresponds to Parameter _FR of CYCLES800.

Machine manufacturer

Please refer to the machine manufacturer's specifications. Due to additional swivel
data records (e.g. for tool change) additional retraction versions can be enabled.

/I\WARNING

Select a retraction position so that no collision can occur between the tool and workpiece
when swiveling.
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3.5 Swiveling

e Swivel plane

You can start the swivel plane as "new" or "additive" to a swivel plane that is already
active.

e Swivel mode
Swiveling can be axis by axis or direct.

— Axis-by-axis swiveling is based on the coordinate system of the workpiece (X, Y, Z).
The coordinate axis sequence can be selected freely. Rotations are applied in the
selected sequence. The rotation of the two rotary axes (A, B or C) is calculated from
this.

— For direct swiveling, the required positions of the rotary axes are specified. A suitable
new coordinate system is calculated based on those values. The tool axis is aligned in
the Z direction. You can derive the resulting direction of the X and Y axis by traversing
the axes.

Note

The positive direction of each rotation for the different swivel methods is shown in the
help displays.

e Direction
"Direction” corresponds to the parameter _DIR of CYCLES800.

For swivel systems with 2 rotary axes, a particular plane can be reached in two different
ways. You can choose between these two different positions in the "Direction" parameter.
The +/- corresponds to the larger or smaller value of a rotary axis. This may affect the
working area.

When the swivel data record is set up, the entries in the "Direction" parameter determine
for which rotary axis you can select each of the two settings.

If one of the two positions cannot be reached for mechanical reasons, the alternative
position is automatically selected irrespective of the setting of the "Direction" parameter.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

e Correcting tool
"Tool" corresponds to the Parameter _ST=1x (correct tool tip) of CYCLES80O.

To avoid collisions, you can use the 5-axis transformation (software option) to retain the
position of the tool tip during swiveling.

When machine manufacturer commissions the function "Swivel Manually", "Track Tool"
must be enabled.
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Milling

3%

3.5 Swiveling

Machine manufacturer
Please refer to the machine manufacturer's specifications.

e Zero plane

The zero plane corresponds to the tool plane (G17, G18, G19) including the active zero
offset (G500, G54, ...). Rotations of the active zero offset and the rotary axes are taken
into account for manual swiveling.

The "Swivel Manually" function only writes rotations either in the workpiece reference
($_WPFRAME) or in the active zero offset.

You can use the "Swivel Manually" function not only for machining, but also for setting-up.

You can bring the machine into the initial position using the "Basic setting" softkey and
the <CYCLE START> key. If the actual zero offset does not include a rotation, then
the rotary axes of the swivel data record are moved to zero. The tool is located
vertically to the machining plane.

If you want to use the actual swiveled plane as the reference plane for setting up your
workpiece, you must define this plane as the zero plane.

With "Set zero plane" the actual swivel plane in the active zero offset is stored as the
zero plane. As a result, the rotations in the active zero offset are overwritten.

With "Delete zero plane”, the rotations in the active zero offset are set to zero.

Note

The overall coordinate system does not change with "Set zero plane” or "Delete zero
plane".

Machine manufacturer

Basic setting of the machine kinematics for "Swivel Manually" and "5-axis
transformation”.

Please refer to the machine manufacturer's specifications.
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3.5 Swiveling
Procedure
w 1. Select the "Machine" operating area.
[LLAT
Machine
MW 2. Press the <JOG> key
UL
JOG
ﬁ i 3. Press the "Swivel" softkey.
=0 uel
4, Enter the desired value for the parameter and press the <CYCLE
CYCLE START> key.
START
The "Swivel" cycle is started.
Initial Press the "Basic setting" softkey and the <CYCLE START> key to
setting move the machine into the initial position.
If the actual zero offset does not include a rotation, then the rotary axes
of the swivel data record are moved to zero. The tool is located
vertically to the machining plane.
This is done, for example, to swivel the coordinate system back to its
original orientation.
&t 7er0 Press the "Set zero plane” softkey to set the actual swivel plane to the
plang new zero plane.
Delete Press the "Delete zero plane" softkey to delete the actual swivel plane.
0-level
Parameter Description Unit
TC Name of the swivel data record
0: Remove the swivel head, deselect the swivel data record
No entry: No change to the set swivel data record
Retraction ¢ No: No retraction before swiveling
o o Fixed point 1: Retraction in the direction of machine axis Z to the fixed point of
machine axis Z defined by the machine manufacturer Z.
e Fixed point 2: Retraction in the direction of machine axis Z and then in X,Y to the
fixed points defined by the machine manufacturer
e Retraction, maximum in the tool direction up to the software end position
e Retraction, incremental in the tool direction up to a maximum of the software end
position. The retraction path is entered into parameter ZR.
Swivel plane o New: New swivel plane
© o Additive: Additive swivel plane
Milling
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3.5 Swiveling

Parameter Description Unit
Swivel modelQ o Axis by axis: Rotate coordinate system axis-by-axis

o Direct: Directly position rotary axes

Positions the rotary axes of the active swivel data record
Angle of rotation in the plane around the tool axes

VA Angle of rotation in the plane (direct swivel) Degrees
Axis sequenceil) Sequence of the axes which are rotated around:

XYZ, XZY,YXZ,YZX, ZXY, ZYX
X Rotation around X Degrees
Y Rotation around Y Degrees
z Rotation around Z Degrees
Name of rotary axis | Axis angle for swivel, direct Degrees
1
Name of rotary axis | Axis angle for swivel, direct Degrees
2
Direction Preferred direction of rotation for two alternatives (swiveling axis-by-axis)

+: Larger angle of the axis on the scale of the swivel head / swivel table

-: Smaller angle of the axis on the scale of the swivel head / swivel table
Tool Correction: The position of the tool tip is maintained during swiveling

No correction: The position of the tool tip changes during swiveling
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3.6 Manual retraction

3.6

Procedure

142

Manual retraction

After an interruption of a tapping operation (G33/G331/G332) or a general drilling operation

(tools 200 to 299) due to power loss or a RESET at the machine control panel, you have the
possibility to retract the tool in the JOG mode in the tool direction without damaging the tool

or the workpiece.

The retraction function is especially useful when the coordinate system is swiveled, i.e. the
infeed axis is not in the vertical position.

Note
Tapping

In the case of tapping, the form fit between the tap and the workpiece is taken into account
and the spindle moved according to the thread.

The Z axis as well as the spindle can be used for retraction at the thread.

The "Retraction” function must be set up by the machine manufacturer.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

1. <RESET> interrupts the power supply to the machine and any running
part program.
2. After a power supply interruption, switch on the controller.
AW 3. Select the JOG operating mode.
JoG
> 4. Press the Menu forward key.
Kﬁeﬂm 5. Press the "Retract" softkey.
The "Retract Tool" window opens.
The softkey is available only when an active tool and retraction data are
present.
@ 6. Select the "WCS" coordinate system on the machine control panel.
WCS MCS
Milling

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Execution in manual mode

3.6 Manual retraction
Q 7. Select the required axis in the "Retraction axis" selection box.
SELECT Retract tool
Retraction axis Fa
8. Use the traversing keys (e.g. Z +) to traverse the tool from the
+Z workpiece according to the retraction axis selected in the "Retract Tool"
window.

9. To exit the window, press the "Retract" softkey again when the tool is at
W the desired position.
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3.7 Simple face milling of the workpiece

3.7

Simple face milling of the workpiece

You can use this cycle to face mill any workpiece. A rectangular surface is always machined.

Selecting the machining direction

In the "Direction” field, using the SELECT key, select the desired machining direction:

e Same direction of machining

® Alternating direction of machining

Selecting limits

You can select the limits using the appropriate softkeys:

Left
]

Bottom
[]

Top

]

Right
O

Retraction plane / safety clearance

The retraction plane and safety clearance are set using the machine data
$SCS_MAJOG_SAFETY_CLEARANCE or $SCS_MAJOG_RELEASE_PLANE.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Direction of spindle rotation

See also

144

If the "ShopTurn/ShopMill" option is activated, the direction of spindle rotation is taken from
the tool parameters entered in the tool list.

If the "ShopTurn/ShopMill" option is not set, select the direction of spindle rotation in the
input screen.

Face milling (CYCLE61) (Page 334)
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3.7 Simple face mifling of the workpiece

Precondition

To carry out simple stock removal of a workpiece in manual mode, a measured tool must be
in the machining position.

Procedure
'm' 1. Select the "Machine" operating area.
| LA |
Machine
MW 2. Press the <JOG> key.
YL
JOG
Face 3. Press the <Face milling> softkey.
mill.
4, Press the relevant softkey to specify the lateral limitations of the
|D workpiece.
5. Select the machining type (e.g. roughing) in the "Machining" field.
SELECT
6. Select the machining direction in the "Direction" field.
SELECT
7. Enter all other parameters in the input screen.
8. Press the "OK" softkey.
0K The parameter screen is closed.
9. Press the <CYCLE START> key.
START The face milling cycle is started.
You can return to the parameter screen at any time to check and
correct the inputs.
Note
You cannot use the "Repos" function while face milling.
Milling
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3.7 Simple face milling of the workpiece

Parameter Description Unit
T Tool name
D Cutting edge number
Fio Feedrate mm/min
mm/rev
S/V Spindle speed or constant cutting rate rpm
m/min
Spindle M function Direction of spindle rotation (only when ShopMill is not active)
° l'.:]
. g‘l
Machining The following machining operations can be selected:
O e V (roughing)
e VVV (finishing)
Direction Same direction of machining
3] * B
o it
Alternating direction of machining
o it
e %
X0 Corner point 1 of surface in X direction (abs. orinc.) mm
YO0 Corner point 1 of surface in Y direction (abs. or inc.) mm
Z0 Height of blank (abs. orinc.) mm
X100 Corner point 2 of surface in X direction (abs. or inc.) mm
Y10 Corner point 2 of surface in Y direction (abs. or inc.) mm
210 Height of finished part (abs. or inc.) mm
DXY Max. infeed in the XY plane (dependent on milling cutter diameter) mm
Alternatively, you can specify the plane infeed as a %, as a ratio —» plane infeed %
(mm) to milling cutter diameter (mm).
Dz Max. infeed in Z direction - (only for roughing) mm
Uz Finishing allowance, depth mm
Note
The same finishing allowance must be entered for both roughing and finishing. The finishing
allowance is used to position the tool for retraction.
Milling
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3.8 Default settings for manual mode

See also
Tool, offset value, feed and spindle speed (T, D, F, S, V) (Page 262)
3.8 Default settings for manual mode
Specify the configurations for manual mode in the "Settings for manual operation" window.
Presettings
Settings Description
Type of feedrate Here, you select the type of feedrate.
o (94: Axis feedrate/linear feedrate
e (95: Rev. feedrate
Default feedrate G94 Enter the desired feedrate in mm/min.
Default feedrate G95 Enter the desired feedrate in mm/r.
Variable increment Enter the desired increment for axis traversal by variable increments.
Spindle speed Enter the desired spindle speed in rpm.
Proceed as follows
'm' 1. Select the "Machine" operating area.
—_
Machine
MW 2. Press the <JOG> key.
VL
Joe
3. Press the menu forward key and the "Settings" softkey.
> The "Settings for manual operation” window is opened.
ﬁx Settings
Milling
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3.8 Default settings for manual mode
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Machining the workpiece 4

4.1 Starting and stopping machining

During execution of a program, the workpiece is machined in accordance with the
programming on the machine. After the program is started in automatic mode, workpiece
machining is performed automatically.

Requirements
The following requirements must be met before executing a program:
® The measuring system of the controller is referenced with the machine.
® The necessary tool offsets and zero offsets have been entered.

® The necessary safety interlocks implemented by the machine manufacturer are activated.

General sequence

% 1. Use the Program manager to select the desired program.

Program
manager

Select the desired program under "NC", "Local drive", "USB" or set-up

NC network drives.
{ uss

3. Press the "Select" softkey.
Select The program is selected for execution and automatically switched to the
"Machine" operating area.
4. Press the <CYCLE START> key.
START The program is started and executed.
Note

Starting the program in any operating area

If the controller is in "AUTO" mode, you can also start the selected program when you are in
any operating area.
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Machining the workpiece
4.1 Starting and stopping machining

Stopping machining

© Press the <CYCLE STOP> key.
GYCLE Machining stops immediately. Individual program blocks are not
executed to the end. On the next start, machining is resumed

from the point where it left off.

Canceling machining

Press the <RESET> key.
Execution of the program is interrupted. On the next start, machining
will start from the beginning.

Machine manufacturer
{é\} Please refer to the machine manufacturer's specifications.

Milling
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Machining the workpiece

4.2 Selecting a program

4.2 Selecting a program

Procedure

I

Program
manager

2

INPUT

>

Select

Milling

Select the "Program manager" operating area.
The directory overview is opened.

Place the cursor on the directory containing the program that you want
to select.

Press the <INPUT> key

-OR -
Press the <Cursor right> key.

The directory contents are displayed.
Place the cursor on the desired program.
Press the "Select" softkey.

The program is selected.

When the program has been successfully selected, an automatic
changeover to the "Machine" operating area occurs.
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4.3 Testing a program

4.3

Testing a program

When testing a program, the system can interrupt the machining of the workpiece after each
program block, which triggers a movement or auxiliary function on the machine. In this way,
you can control the machining result block-by-block during the initial execution of a program

on the machine.

Note

Settings for the automatic mode

Rapid traverse reduction and dry run feed rate are available to run-in or to test a program.

Move by single block

Precondition

Procedure

152

In "Program control" you may select from among several types of block processing:

SB mode Scope
SB1 Single block, The machining stops after every machine block (except for cycles)
coarse

SB2 Data block

The machining stops after every block, i.e. also for data blocks (except for
cycles)

SB3 Single block,
fine

The machining stops after every machine block (also in cycles)

A program must be selected for execution in "AUTO" or "MDA" mode.

—_

g Prog.
H cntel.
E 2
SINGLE
BLOCK
3.
CYCLE
START
4.

CYCLE
START

Press the "Prog. ctrl." softkey and select the desired variant in the "SBL"
field.

Press the <SINGLE BLOCK> key.

Press the <CYCLE START> key.

Depending on the execution variant, the first block will be executed.
Then the machining stops.

In the channel status line, the text “Stop: Block in single block ended"
appears.

Press the <CYCLE START> key.

Depending on the mode, the program will continue executing until the
next stop.

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1




Machining the workpiece
4.4 Displaying the current program block

) 5. Press the <SINGLE BLOCK> key again, if the machining is not
SINGLE supposed to run block-by-block.

BLOCK
The key is deselected again.
If you now press the <CYCLE START> key again, the program is

g executed to the end without interruption.
44 Displaying the current program block
441 Current block display
The window of the current block display shows you the program blocks currently being
executed.

Display of current program
The following information is displayed in the running program:
® The workpiece name or program name is entered in the title row.

® The program block which is just being processed appears colored.

Editing a program directly

In the Reset state, you can edit the current program directly.

1. Press the <INSERT> key.

>

INSERT

2. Place the cursor at the relevant position and edit the program block.

Direct editing is only possible for G code blocks in the NC memory, not
for external execution.

3. Press the <INSERT> key to exit the program and the edit mode again.

>

INSERT
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4.4 Displaying the current program block

442 Displaying a basic block

If you want precise information about axis positions and important G functions during testing
or program execution, you can call up the basic block display. This is how you can check,
when using cycles, for example, whether the machine is actually traversing.

Positions programmed by means of variables or R parameters are resolved in the basic
block display and replaced by the variable value.

You can use the basic block display both in test mode and when machining the workpiece on
the machine. All G code commands that initiate a function on the machine are displayed in
the "Basic Blocks" window for the currently active program block:

® Absolute axis positions

e G functions for the first G group

o (Other modal G functions

e Other programmed addresses

e M functions

Procedure
Basic
blocks
Bl
SINGLE
BLOCK
CYCLE
START
Basic
blocks
154

N

o

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

A program is selected for execution and has been opened in the
"Machine" operating area.

Press the "Basic blocks" softkey.
The "Basic Blocks" window opens.

Press the <SINGLE BLOCK> key if you wish to execute the program
block-by-block.

Press the <CYCLE START> key to start the program execution.

The axis positions to be approached, modal G functions, etc., are
displayed in the "Basic Blocks" window for the currently active program
block.

Press the "Basic blocks" softkey once again to hide the window again.
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4.4 Displaying the current program block

443 Display program level

You can display the current program level during the execution of a large program with
several subprograms.

Several program run throughs

If you have programmed several program run throughs, i.e. subprograms are run through
several times one after the other by specifying the additional parameter P, then during
processing, the program runs still to be executed are displayed in the "Program Levels"
window.

Program example
N10 subprogram P25

If, in at least one program level, a program is run through several times, a horizontal scroll
bar is displayed that allows the run through counter P to be viewed in the righthand window
section. The scroll bar disappears if multiple run-through is no longer applicable.

Display of program level
The following information will be displayed:
® | evel number
® Program name
® Block number, or line number

® Remain program run throughs (only for several program run throughs)

Precondition

A program must be selected for execution in "AUTO" mode.

Procedure

Program Press the "Program levels" softkey.
levels The "Program levels" window appears.
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4.5 Correcting a program

4.5 Correcting a program

As soon as a syntax error in the part program is detected by the controller, program
execution is interrupted and the syntax error is displayed in the alarm line.

Correction possibilities

Depending on the state of the control system, you can make the following corrections using
the Program editing function.

e Stop mode
Only program lines that have not yet been executed can be edited.
® Reset mode

All program lines can be edited.

Note

The "program correction" function is also available for execute from external; however,
when making program changes, the NC channel must be brought into the reset state.

Requirement

A program must be selected for execution in "AUTO" mode.

Procedure

1. The program to be corrected is in the Stop or Reset mode.
Press the "Prog. corr.” softkey
The program is opened in the editor.

The program preprocessing and the current block are displayed. The
current block is also updated in the running program, but not the
displayed program section, i.e. the current block moves out of the
displayed program section.

N

%{ Prog.
GOIT.

If a subprogram is executed, it is not opened automatically.

3. Make the necessary corrections.
Ex- 4, Press the "NC Execute" softkey.
E" ecute The system switches back to the "Machine" operating area and selects
"AUTO" mode.

5. Press the <CYCLE START> key to resume program execution.

CYCLE
START
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4.6

Precondition

Milling

4.6 Repositioning axes

Note

Exit the editor using the "Close" softkey to return to the "Program manager" operating area.

Repositioning axes

After a program interruption in automatic mode (e.g. after a tool breaks) you can move the
tool away from the contour in manual mode.

The coordinates of the interrupt position will be saved. The distances traversed in manual
mode are displayed in the actual value window. This path difference is called "Repos-offset".
Resuming program execution

Using the "Repos" function, you can return the tool to the contour in order to continue
executing the program.

You cannot traverse the interrupt position, because it is blocked by the control system.

The feedrate/rapid traverse override is in effect

NOTICE

Risk of collision

When repositioning, the axes move with the programmed feedrate and linear interpolation,
i.e. in a straight line from the current position to the interrupt point. Therefore, you must first
move the axes to a safe position in order to avoid collisions.

If you do not use the "Repos" function and subsequently move the axes in manual mode
after a program interrupt, the control automatically moves the axes during the switch to
automatic mode and the subsequent start of the machining process in a straight line back
to the point of interruption.

The following prerequisites must be met when repositioning the axes:
® The program execution was interrupted using <CYCLE STOP>.

® The axes were moved from the interrupt point to another position in manual mode.
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Procedure
1. Press the <REPOS> key.
REPOS
2. Select the axes to be traversed one after the other.
X
Z
3. Press the <+> or <-> key for the relevant direction.
+ The axes are moved to the interrupt position.
4.7 Starting machining at a specific point
4.71 Use block search
If you would only like to perform a certain section of a program on the machine, then you
need not start the program from the beginning. You can also start the program from a
specified program block.
Applications

e Stopping or interrupting program execution

e Specify a target position, e.g. during remachining
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Determining a search target
e User-friendly search target definition (search positions)

— Direct specification of the search target by positioning the cursor in the selected
program (main program)

— Search target via text search
— The search target is the interruption point (main program and subprogram)

The function is only available if there is an interruption point. After a program
interruption (CYCLE STOP or RESET), the controller saves the coordinates of the
interruption point.

— The search target is the higher program level of the interruption point (main program
and subprogram)

The level can only be changed if it was previously possible to select an interruption
point in a subprogram. It is then possible to change the program level up to the main
program level and back to the level of the interruption point.

e Search pointer

— Direct entry of the program path

Note

You can search for a specific point in subprograms with the search pointer if there is
no interruption point.

Software option
E You require the "Extended operator functions" option for the "Search pointer"
function (only for 828D).

Cascaded search

You can start another search from the "Search target found" state. The cascading can be
continued any number of times after every search target found.

Note

Another cascaded block search can be started from the stopped program execution only if
the search target has been found.

References

Function Manual Basic Functions; Block Search
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Preconditions
1. You have selected the desired program.
2. The controller is in the reset state.

3. The desired search mode is selected.

NOTICE

Risk of collision

Pay attention to a collision-free start position and appropriate active tools and other
technological values.

If necessary, manually approach a collision-free start position. Select the target block
considering the selected block search type.

Toggling between search pointer and search positions

Saarch Press the "Search pointer" softkey again to exit the "Search Pointer"
window and return to the "Program" window to define search positions.
-OR -
<« Press the "Back" softkey.
Back You have now exited the block search function.

See also
Selecting a program (Page 151)

4.7.2 Continuing program from search target
To continue the program at the desired position, press the <CYCLE START> key twice.

® The first CYCLE START outputs the auxiliary functions collected during the search. The
program is then in the Stop state.

e Before the second CYCLE START, you can use the "Overstore" function to create states
that are required, but not yet available, for the further program execution.

By changing to the JOG REPOS mode, you can also manually traverse the tool from the
current position to the setpoint position, if the setpoint position is not to be automatically
approached after the program start
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473 Simple search target definition

Requirement

The program is selected and the controller is in Reset mode.

Procedure

—_

] Block
A search

Search
for text

o
0K

Start 3.
search

Start 4.
search

Milling
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Press the "Block search" softkey.

Place the cursor on a particular program block.

-OR -

Press the "Find text" softkey, select the search direction, enter the
search text and confirm with "OK".

Press the "Start search” softkey.

The search starts. Your specified search mode will be taken into
account.

The current block will be displayed in the "Program" window as soon
as the target is found.

If the located target (for example, when searching via text) does not
correspond to the program block, press the "Start search” softkey
again until you find your target.

Press the <CYCLE START> key twice.
Processing is continued from the defined position.
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4.7 Starting machining at a specific point
4.7.4 Defining an interruption point as search target

Requirement

A program was selected in "AUTO" mode and interrupted during execution through CYCLE
STOP or RESET.

Software option
E You require the "Extended operator functions" option (only for 828D).

Procedure

—_

Block Press the "Block search" softkey.

¥k search

nterrupt 1~ 2- Press the "Interrupt point" softkey.
point The interruption point is loaded.

3. If the "Higher level" and "Lower level" softkeys are available, use these
to change the program level.

Start 4. Press the "Start search" softkey.
search

The search starts. Your specified search mode will be taken into
account.

The search screen closes.

The current block will be displayed in the "Program" window as soon as
the target is found.

5. Press the <CYCLE START> key twice.
Sar The execution will continue from the interruption point.
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4.7.5

Requirement

Screen form

Procedure

Milling

4.7 Starting machining at a specific point

Entering the search target via search pointer

Enter the program point which you would like to proceed to in the "Search Pointer" window.

Software option
E You require the "Extended operator functions" option for the "Search pointer"
function (only for 828D).

The program is selected and the controller is in the reset state.

Each line represents one program level. The actual number of levels in the program depends
on the nesting depth of the program.

Level 1 always corresponds to the main program and all other levels correspond to
subprograms.

You must enter the target in the line of the window corresponding to the program level in
which the target is located.

For example, if the target is located in the subprogram called directly from the main program,
you must enter the target in program level 2.

The specified target must always be unambiguous. This means, for example, that if the
subprogram is called in the main program in two different places, you must also specify a
target in program level 1 (main program).

—_

Press the "Block search" softkey.

] Block

4 search

Search 2. Press the "Search pointer" softkey.

pointer

3. Enter the full path of the program as well as the subprograms, if
required, in the input fields.
Start 4. Press the "Start search" softkey.
search

The search starts. Your specified search mode will be taken into
account.
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CYCLE
START

5.

The Search window closes. The current block will be displayed in the
"Program" window as soon as the target is found.

Press the <CYCLE START> key twice.
Processing is continued from the defined location.

Note

Interruption point

You can load the interruption point in search pointer mode.

4.7.6 Parameters for block search in the search pointer

Parameter

‘ Meaning

Number of program level

Program:

The name of the main program is automatically entered

Ext:

File extension

P:

Pass counter

If a program section is performed several times, you can enter the number of
the pass here at which processing is to be continued

Line:

Is automatically filled for an interruption point

Type

search target is ignored on this level
N no. Block number

Label Jump label

Text string

Subprg. Subprogram call

Line Line number

Search target

Point in the program at which machining is to start

164
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477 Block search mode

4.7 Starting machining at a specific point

Set the desired search variant in the "Search Mode" window.

The set mode is retained when the the controller is shut down. When you activate the
"Search" function after restarting the controller, the current search mode is displayed in the

title row.

Search variants

Block search mode

Meaning_]

With calculation
- without approach

It is used in order to be able to approach a target position in any
circumstance (e.g. tool change position).

The end position of the target block or the next programmed position is
approached using the type of interpolation valid in the target block. Only the
axes programmed in the target block are moved.

Note:

If machine data 11450.1=1 is set, the rotary axes of the active swivel data
record are pre-positioned after the block search.

With calculation
- with approach

It is used to be able to approach the contour in any circumstance.

The end position of the block prior to the target block is found with <CYCLE
START>. The program runs in the same way as in normal program
processing.

With calculation
- skip extcall

This is used to speed-up a search with calculation when using EXTCALL
programs: EXTCALL programs are not taken into account.

Notice: Important information, e.g. modal functions, which are located in the
EXTCALL program, are not taken into account. In this case, after the
search target has been found, the program is not able to be executed.
Information such as this should be programmed in the main program.

Without calculation

For a quick search in the main program.

Calculations will not be performed during the block search, i.e. the
calculation is skipped up to the target block.

All settings required for execution have to be programmed from the target
block (e.g. feedrate, spindle speed, etc.).

With program test

Multi-channel block search with calculation (SERUPRO).

All blocks are calculated during the block search. Absolutely no axis motion
is executed, however, all auxiliary functions are output.

The NC starts the selected program in the program test mode. If the NC
reaches the specified target block in the actual channel, it stops at the
beginning of the target block and deselects program test mode again. After
continuing the program with NC start (after REPOS motion) the auxiliary
functions of the target block are output.

For single-channel systems, the coordination is supported with events
running in parallel, e.g. synchronized actions.

Note
The search speed depends on MD settings.
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References

Procedure

166

Note

Search mode for the ShopMill and ShopTurn programs

The search variant for the ShopMill/ShopTurn machining step programs can be specified via
MD 51024. This applies only to the ShopMill/ShopTurn single-channel view.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

For additional information, please refer to the following documentation:
Commissioning Manual SINUMERIK Operate (IM9) / SINUMERIK 840D sl

M,

Ll

Machine

1 Block
#A search

Blk sear.
mode

Select the "Machine" operating area.

Press the <AUTO> key.

Press the "Block search" and "Block search mode" softkeys.
The "Search Mode" window appears.
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4.8 Controlling the program run

4.8.1 Program control

You can change the program sequence in the "AUTO" and "MDI" modes.

Abbreviation/program Mode of operation

control

PRT The program is started and executed with auxiliary function outputs and dwell times. In this
no axis motion mode, the axes are not traversed.

The programmed axis positions and the auxiliary function outputs are controlled this way.

Note: Program processing without axis motion can also be activated with the function "Dry
run feedrate".

DRY The traversing velocities programmed in conjunction with G1, G2, G3, CIP and CT are
Dry run feedrate replaced by a defined dry run feedrate. The dry run feedrate also applies instead of the
programmed revolutional feedrate.

Caution: Workpieces must not be machined when "Dry run feedrate" is active because the
altered feedrates might cause the permissible tool cutting rates to be exceeded and the
workpiece or machine tool could be damaged.

RGO In the rapid traverse mode, the traversing speed of the axes is reduced to the percentage
Reduced rapid traverse value entered in RGO.

Note: You define the reduced rapid traverse in the settings for automatic operation.
MO1 The processing of the program stops at every block in which supplementary function M01 is
Programmed stop 1 programmed. In this way you can check the already obtained result during the processing of

a workpiece.

Note: In order to continue executing the program, press the <CYCLE START> key again.
Programmed stop 2 The processing of the program stops at every block in which the "Cycle end" is programmed
(e.g. M101) (e.g. with M101).

Note: In order to continue executing the program, press the <CYCLE START> key again.
Note: The display can be changed. Please refer to the machine manufacturer's

specifications.
DRF Enables an additional incremental zero offset while processing in automatic mode with an
Handwheel offset electronic handwheel.

This function can be used to compensate for tool wear within a programmed block.

Note: You require the "Extended operator functions" option to use the handwheel offset (for
828D).

SB Individual blocks are configured as follows.

Single block, coarse: The program stops only after blocks which perform a machine function.
Data block: The program stops after each block.
Single block, fine: The program also only stops after blocks which perform a machine function

in cycles.
Select the desired setting using the <SELECT> key.
SKP Skip blocks are skipped during machining.
GCC When executing a jobshop program, it is converted into a G-code program.
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Activating program control

Procedure

48.2

168

You can control the program sequence however you wish by selecting and clearing the
relevant checkboxes.
Display / response of active program controls:

If a program control is activated, the abbreviation of the corresponding function appears in
the status display as response.

w 1. Select the "Machine" operating area.
| |
Machine
_3 2. Press the <AUTO> or <MDI> key.
AUTO
1)
MDA
g Prog 3. Press the "Prog. ctrl.” softkey.
H gntrl. The "Program Control" window appears.

Skip blocks

It is possible to skip program blocks, which are not to be executed every time the program
runs.

The skip blocks are identified by placing a "/" (forward slash) or "/x (x = number of skip level)
character in front of the block number. Several consecutive blocks can also be skipped.

The statements in the skipped blocks are not executed, i.e. the program continues with the
next block, which is not skipped.

The number of skip levels that can be used depends on a machine datum.

Machine manufacturer
{i‘% Please refer to the machine manufacturer's specifications.

Software option
E In order to have more than two skip levels, for 828D you require the
"Extended operator functions" option.
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4.8 Controlling the program run

Skip levels, activate

Select the corresponding checkbox to activate the desired skip level.

Note
The "Program Control - Skip Blocks" window is only available when more than one skip level
is set up.
Procedure
'm' 1. Select the "Machine" operating area.
| LA |
Machine
_3 2. Press the <AUTO> or <MDA> key.
AUTO
)
MDA
3 Press the "Prog. ctrl." and "Skip blocks" softkeys.
cntrl. The "Program Control" window appears and shows a list of skip levels.
Skip blocks
[ IPlane / [ IPlane /4
[ IPlane /1 [ IPlane /5
[ IPlane /2 [ IPlane /6
[ IPlane /3
Milling
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4.9 Overstore

4.9

Precondition

Procedure

170

Overstore

With overstore, you have the option of executing technological parameters (for example,
auxiliary functions, axis feed, spindle speed, programmable instructions, etc.) before the
program is actually started. The program instructions act as if they are located in a normal
part program. These program instructions are, however, only valid for one program run. The
part program is not permanently changed. When next started, the program will be executed
as originally programmed.

After a block search, the machine can be brought into another state with overstore (e.g. M
function, tool, feed, speed, axis positions etc.), in which the normal part program can be
successfully continued.

Software option
E You require the "Extended operator functions" option for the overstore function
(for 828D).

The program to be corrected is in the Stop or Reset mode.

w 1. Open the program in the "AUTO" mode.
Ll
Machine

)

AUTO

ﬁ over- 2. Press the "Overstore" softkey.
= store The "Overstore" window opens.

3. Enter the required data and NC block.
4, Press the <CYCLE START> key.

aut The blocks you have entered are stored. You can observe execution in
the "Overstore" window.

After the entered blocks have been executed, you can append blocks
again.
You cannot change the operating mode while you are in overstore
mode.

« 5. Press the "Back" softkey.

Back The "Overstore" window closes.

6. Press the <CYCLE START> key again.
au The program selected before overstoring continues to run.
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4.9 Overstore

Note
Block-by-block execution

The <SINGLE BLOCK> key is also active in the overstore mode. If several blocks are
entered in the overstore buffer, then these are executed block-by-block after each NC start

Deleting blocks

Delete Press the "Delete blocks" softkey to delete program blocks you have
blocks entered.

Milling
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4.10

See also

172

Editing a program

With the editor, you are able to render, supplement, or change part programs.

Note
Maximum block length

The maximum block length is 512 characters.

Calling the editor

The editor is started via the "Program correction” function in the "Machine" operating area
and with the <INSERT> key.

The editor is called via the "Open" softkey as well as with the <INPUT> or <Cursor right>
key in the "Program manager" operating area.

The editor opens in the "Program” operating area with the last executed part program, if
this was not explicitly exited via the "Close" softkey.

Note

Please note that the changes to programs stored in the NC memory take immediate
effect. You can exit the editor only after you have saved the changes.

If you are editing on a local drive or external drives, you can also exit the editor without
saving, depending on the setting.

Exit the program correction mode using the "Close" softkey to return to the "Program
manager" operating area.

Editor settings (Page 181)
Opening and closing the program (Page 578)

Correcting a program (Page 156)

Generating a G code program (Page 237)
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4.10 Editing a program

4.10.1 Searching in programs

You can use the search function to quickly arrive at points where you would like to make
changes, e.g. in very large programs.

Various search options are available that enable selective searching.

Search options
® \Whole words

Activate this option and enter a search term if you want to search for texts/terms that are
present as words in precisely this form.

If, for example, you enter the search term "Finishing tool", only single "Finishing tool"
terms are displayed.

® Exact expression

Activate this option if you want to search for place holders in program lines (e.g. "*" or "?")
that you want to replace.

Note

Search with place holders

When searching for specific program locations, you have the option of using place holders:
e ™" Replaces any character string

o "?": Replaces any character

Requirement

The desired program is opened in the editor.

Procedure

Press the "Search" softkey.

Search
ol A new vertical softkey bar appears.

The "Search" window opens at the same time.

2. Enter the desired search term in the "Text" field.

3. Select "Whole words" if you want to search for whole words only.
-OR -
Activate the "Exact expression" checkbox if, for example, you want to
search for place holders ("*", "?") in program lines.

4, Position the cursor in the "Direction” field and choose the search
Q direction (forward, backward) with the <SELECT> key.

SELECT
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5. Press the "OK" softkey to start the search.

If the text you are searching for is found, the corresponding line is
highlighted.

Continue 6. Press the "Continue search" softkey if the text located during the search
search does not correspond to the point you are looking for.

-OR -
‘ * ‘ Press the "Cancel" softkey when you want to cancel the search.
Cancel

Further search options

Softkey Function

Goto The cursor is set to the first character in the program.
| start
W‘ The cursor is set to the last character in the program.
end

4.10.2 Replacing program text

You can find and replace text in one step.

Requirement

The desired program is opened in the editor.

Procedure

Press the "Search" softkey.
A new vertical softkey bar appears.

Find + 2. Press the "Find and replace" softkey.
replace The "Find and Replace" window appears.

Search ‘

3. In the "Text" field, enter the term you are looking for and in the "Replace
with" field, enter the text you would like to insert automatically during the
search.

4. Position the cursor in the "Direction" field and choose the search

s%)m direction (forward, backward) with the <SELECT> key.
Milling
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Ve 5. Press the "OK" softkey to start the search.
0K If the text you are searching for is found, the corresponding line is
highlighted.
6. Press the "Replace" softkey to replace the text.
Replace
-OR -
Replace Press the "Replace all" softkey to replace all text in the file that
all corresponds to the search term.
-OR -
Continue Press the "Continue search" softkey if the text located during the search
search should not be replaced.
-OR -
» Press the "Cancel" softkey when you want to cancel the search.
‘ Cancel ‘
Note
Replacing texts

e Read-only lines (;*RO¥)
If hits are found, the texts are not replaced.
e Contour lines (;*GP*)
If hits are found, the texts are replaced as long as the lines are not read-only.

e Hidden lines (;*HD*)
If hidden lines are displayed in the editor and hits are found, the texts are replaced as
long as the lines are not read-only. Hidden lines that are not displayed, are not replaced.

See also
Editor settings (Page 181)
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4.10.3 Copying/pasting/deleting a program block

Requirement

The program is opened in the editor.

Procedure

Press the "Mark" softkey.
‘ Marl ‘

-OR-
Press the <SELECT> key.

O

SELECT

2. Select the desired program blocks with the cursor or mouse.

3. Press the "Copy" softkey in order to copy the selection to the buffer
Copy memory.

4, Place the cursor on the desired insertion point in the program and press
e the "Paste" softkey.

The content of the buffer memory is pasted.
-OR -
Press the "Cut" softkey to delete the selected program blocks.

Gut ‘
Note: When editing a program, you cannot copy or cut more than 1024
lines. While a program that is not on the NC is opened (progress display
less than 100%), you cannot copy or cut more than 10 lines or insert
more than 1024 characters.
Note

The buffer memory contents are retained even after the editor is closed, enabling you to
paste the contents in another program, as well.

Note
Copy/cut current line
To copy and cut the current line where the cursor is positioned, it is not necessary to mark or

select it. You have the option of making the "Cut" softkey only operable for marked program
sections via editor settings.
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See also
Opening additional programs (Page 179)

4104 Renumber program

You can modify the block numbering of programs opened in the editor at a later point in time.

Requirement

The program is opened in the editor.

Procedure
1. Press the ">>" softkey.
A new vertical softkey bar appears.
2. Press the "Renumber" softkey.
Henumherin4 . .
The "Renumbering" window appears.
3. Enter the values for the first block number and the increment to be used
for numbering.
Ve 4, Press the "OK" softkey.
0K The program is renumbered.
Note
If you only want to renumber a section, select the program blocks whose block numbering
you want to edit.
Milling
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4.10.5 Creating a program block

In order to structure programs to achieve a higher degree of transparency, you have the
option of combining several blocks (G-code and/or ShopMill machining steps) to form

program blocks.

You then have the option of opening and closing these blocks depending on your

requirement.

Display

Meaning_j

Text

Block designation

Spindle

S$1
S2

Spindle assignment. Defines at which spindle a program block is to be
executed.

Addit. run-in code

Yes

If the block is not executed because the specified spindle should not be
processed, it is possible to temporarily activate a so-called "Addit. run-in
code".

No

Automat. retraction

Yes

Block start and block end are moved to the tool change point, i.e. the tool
is brought into a safe range.

No

Structuring programs

e Before generating the actual program, generate a program frame using empty blocks.

e By forming blocks, structure existing G code or ShopMill programs.

Procedure

I'n

Program
manager

m

Local
drive

178

Select the "Program manager" operating area.

Select the storage location and create a program or open a program.
The program editor opens.

Select the required program blocks that you wish to combine to form a
block.
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Build 4.

block

\, 5.
0K

4.10 Editing a program

Press the "Build group” softkey.
The "Build New Group" window opens.
Enter a designation for the block, assign the spindle, if required, select

the Addit. run-in code and the automatic retraction and then press the
"OK" softkey.

Opening and closing blocks

6. Press the ">>" and "View" softkeys.
View
Open 7. Press the "Open blocks" softkey if you wish to display the program with
hlocks all blocks.
Close 8. Press the "Close blocks" softkey if you wish to display the program
blocks again in a structured form.
410.6 Opening additional programs

You have the option of viewing and editing two programs simultaneously in the editor.

For instance, you can copy program blocks or machining steps of a program and paste them
into another program.

Opening several programs

You have the option of opening up to ten program blocks.

Open

NEXT
WINDOW

3.
Exit

Milling

In the program manager, select the programs that you wish to open and
view in the multiple editor and then press on the "Open" softkey.

The editor is opened and the first two programs are displayed.

Press the <NEXT WINDOW?> key to change to the next opened
program.

Press the "Close" softkey to close the actual program.
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Note
Pasting program blocks

JobShop machining steps cannot be copied into a G code program.

Requirement

You have opened a program in the editor.

Procedure
1. Press the ">>" and "Open additional program" softkeys.
Open 2nd The "Select Additional Program” window is opened.
program
2. Select the program or programs that you wish to display in addition to
the already opened program.
3. Press the "OK" softkey.
0K
The editor opens and displays both programs next to each another.
See also

Copying/pasting/deleting a program block (Page 176)
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4.10 Editing a program

Enter the default settings in the "Settings" window that are to take effect automatically when

the editor is opened.

Defaults
Setting Meaning
Number. e Yes: A new block number will automatically be assigned after every line
automatically change. In this case, the specifications provided under "First block
number" and "Increment" are applicable.
¢ No: No automatic numbering.
First block number Specifies the starting block number of a newly created program.
The field is only editable when "Yes" is displayed under "Number
automatically”.
Increment Defines the increment used for the block numbers.
The field is only editable when "Yes" is displayed under "Number
automatically".
Display hidden lines |« Yes: Hidden lines marked with "*HD" (hidden) will be displayed.
e No: Lines marked with ";*HD*" will not be displayed.
Note:
Only visible program lines are taken into account with the "Search" and
"Search and Replace" functions.
Display block end a | The "CFLF" (line feed) symbol || is displayed at the block end.
symbol
Scroll horizontally Yes: A horizontal scrollbar is displayed. In this way, you can scroll horizontally
to the end of long lines that would otherwise wrap.
Automatic save (only | e Yes: The changes are saved automatically when you change to another
local and external operating area.
drives
) ¢ No: You are prompted to save when changing to another operating area.
Save or reject the changes with the "Yes" and "No" softkeys.
Visible programs e 1-10
Select how many programs can be displayed next to one another in the
editor.
e Auto
Specifies that the number of programs entered in a job list or up to 10
selected programs will be displayed next to each other.
Milling
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4.10 Editing a program

Procedure

See also

182

Setting_;

Meaning_;

Width of the program
with focus

Here, you enter the width of the program that has the input focus in the editor
as a percentage of the window width.

Cut or-lly after e Yes: The cutting of program sections is possible only when program lines
selecting have been selected, i.e. the "Cut" softkey only then is active.

e No: The "Cut" softkey is available by default.
Note

All entries that you make here are effective immediately.

-

Program

Edit

Settings

Select the "Program" operating area.

You have activated the editor.

Press the ">>" and "Settings" softkeys.
The "Settings" window opens.

Make the desired changes here and press the "OK" softkey to confirm
your settings.

Replacing program text (Page 174)
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4.11 Display and edit user variables

4.11.1 Overview
The defined user data may be displayed in lists.
The following variables can be defined:
® Data parameters (R parameters)
® Global user data (GUD) is valid in all programs
® | ocal user data (LUD) is valid in one program
® Program-global user data (PUD) is valid in one program and the called subroutines.

Channel-specific user data can be defined with a different value for each channel.

Entering and displaying parameter values

Up to 15 positions (including decimal places) are evaluated. If you enter a number with more
than 15 places, it will be written in exponential notation (15 places + EXXX).

LUD or PUD

Only local or program-global user data can be displayed at one time.

Whether the user data are available as LUD or PUD depends on the current control
configuration.

Machine manufacturer
{g} Please also refer to the machine manufacturer's instructions.

Note
Reading and writing variables protected

Reading and writing of user data are protected via a keyswitch and protection levels.

Searching for user data
You may search for user data within the lists using any character string.

Refer to the "Defining and activating user data" section to learn how to edit displayed user
data.
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4.11 Display and edit user variables

411.2

Procedure

184

R parameters

R parameters (arithmetic parameters) are channel-specific variables that you can use within
a G code program. G code programs can read and write R parameters.

These values are retained after the controller is switched off.

Number of channel-specific R parameters

The number of channel-specific R parameters is defined in a machine data element.

Range: R0-R999 (dependent on machine data).

There are no gaps in the numbering within the range.

1 O

Parameter
— 2.
liser
'.rariahle
I

variables

Delete R variables

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Select the "Parameter” operating area.

Press the "User variable" softkey.

Press the "R variables" softkey.
The "R Parameters" window appears.

Press the ">>" and "Delete" softkeys.
The "Delete R parameters" window appears.

Enter the R parameter(s) whose channel-specific values you would like
to delete and press the "OK" softkey.

A value of 0 is assigned to the selected R parameters or to all R
parameters.
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4.117 Display and edit user variables

411.3 Displaying global user data (GUD)

Global user variables

Global GUDs are NC global user data (Global User Data) that remains available after

switching the machine off.

GUDs apply in all programs.

Definition

A GUD variable is defined with the following:

e Keyword DEF
® Range of validity NCK

e Data type (INT, REAL, ....)

® Variable names

® Value assignment (optional)

Example
DEF NCK INT ZAEHLER1 =10
GUDs are defined in files with the ending DEF. The following file names are reserved for this
purpose:
File name Meaning
MGUD.DEF Definitions for global machine manufacturer data
UGUD.DEF Definitions for global user data
GUD4.DEF User-definable data
GUDS8.DEF, GUD9.DEF User-definable data
Procedure
l_’@ 1. Select the "Parameter" operating area.
Parameter
User 2. Press the "User variable" softkey.
variable
Global 3. Press the "Global GUD" softkeys.
GUD
The "Global User Variables" window is displayed. A list of the defined
UGUD variables will be displayed.
-OR -
Milling
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4.11 Display and edit user variables

GUD Press the "GUD selection" softkey and the "SGUD" to "GUDG" softkeys
selection if you wish to display SGUD, MGUD, UGUD as well as GUD4 to GUD 6
of the global user variables.
GUDG
-OR-
GUD Press the "GUD selection" and ">>" softkeys as well as the "GUD7" to
selection "GUD9" softkeys if you want to display GUD 7 to GUD 9 of the global

user variables.

GUDYg

Note

After each start-up, a list with the defined UGUD variables is displayed in the "Global User
Variables" window.

4.11.4 Displaying channel GUDs

Channel-specific user variables
Like the GUDs, channel-specific user variables are applicable in all programs for each
channel. However, unlike GUDs, they have specific values.
Definition
A channel-specific GUD variable is defined with the following:
e Keyword DEF
® Range of validity CHAN
e Data type
® Variable names

® Value assignment (optional)

Example
DEF CHAN REAL X_POS =100.5
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4.117 Display and edit user variables

Procedure
l_’@ 1. Select the "Parameter” operating area.
Parameter
User 2. Press the "User variable" softkey.
variable
Channel 3. Press the "Channel GUD" and "GUD selection" softkeys.
GUD
GUD
selection
A new vertical softkey bar appears.
4. Press the "SGUD" ... "GUDG6" softkeys if you want to display the SGUD,
SGUD MGUD, UGUD as well as GUD4 to GUD 6 of the channel-specific user
variables.
GUDG
-OR -
] Press the "Continue" softkey and the "GUD7" to "GUD9" softkeys if you
Continue want to display GUD 7 to GUD 9 of the channel-specific user variables.
GUD9
411.5 Displaying local user data (LUD)

Local user variables

LUDs are only valid in the program or subprogram in which they were defined.

The controller displays the LUDs after the start of program processing. The display is
available until the end of program processing.

Definition

A local user variable is defined with the following:

Milling

Keyword DEF
Data type
Variable names

Value assignment (optional)
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4.11 Display and edit user variables

Procedure
L@ 1. Select the "Parameter” operating area.
Parameter
User 2. Press the "User variable" softkey.
variable
Local 3. Press the "Local LUD" softkey.
LuD
4.11.6 Displaying program user data (PUD)

Program-global user variables

PUDs are global part program variables (Program User Data). PUDs are valid in all main
programs and subprograms, where they can also be written and read.

Procedure
Parameter
e User
'.rariahle
Program
PUD
188

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

1. Select the "Parameter” operating area.

2. Press the "User variable" softkey.

3. Press the "Program PUD" softkey.
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4.117 Display and edit user variables

4117 Searching for user variables

You can search for R parameters and user variables.

Procedure

1 O

Parameter

R

variables

Local

Lun

Search

Select the "Parameter" operating area.

Press the "R parameters”, "Global GUD", "Channel GUD", "Local GUD"
or "Program PUD" softkeys to select the list in which you would like to
search for user variables.

Press the "Search" softkey.

The "Search for R Parameters" or "Search for User Variables" window
opens.

Enter the desired search term and press "OK".

The cursor is automatically positioned on the R parameter or user
variables you are searching for, if they exist.

By editing a DEF/MAC file, you can alter or delete existing definition/macro files or add new

ones.

Procedure

Setup

1 System
= data

Open

Milling

Select the "Start-up" operating area.

Press the "System data" softkey.

In the data tree, select the "NC data" folder and then open the
"Definitions" folder.

Select the file you want to edit.
Double-click the file.

-OR-

Press the "Open" softkey.

-OR -
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4.11 Display and edit user variables

<> Press the <INPUT> key.
INPUT
-OR-

Press the <Cursor right> key.

> The selected file is opened in the editor and can be edited there.

6. Define the desired user variable.

it 7. Press the "Exit" softkey to close the editor.

Activating user variables

1. Press the "Activate" softkey.
Activate

A prompt is displayed.

2. Select whether the current values in the definition files should be
retained
-OR -
Select whether the current values in the definition files should be
deleted.
This will overwrite the definition files with the initial values.

3. Press the "OK" softkey to continue the process.
0K
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4.12 Displaying G Functions and Auxiliary Functions

4.12 Displaying G Functions and Auxiliary Functions

4.12.1 Selected G functions
16 selected G groups are displayed in the "G Function" window.
Within a G group, the G function currently active in the controller is displayed.

Some G codes (e.g. G17, G18, G19) are immediately active after switching the machine
control on.

Which G codes are always active depends on the settings.

Machine manufacturer
{a% Please refer to the machine manufacturer's specifications.

G groups displayed by default

Group Meaning_;

G group 1 Modally active motion commands (e.g. GO, G1, G2, G3)

G group 2 Non-modally active motion commands, dwell time (e.g. G4, G74, G75)

G group 3 Programmable offsets, working area limitations and pole programming (e.g.
TRANS, ROT, G25, G110)

G group 6 Plane selection (e.g. G17, G18)

G group 7 Tool radius compensation (e.g. G40, G42)

G group 8 Settable work offset (e.g. G54, G57, G500)

G group 9 Offset suppression (e.g. SUPA, G53)

G group 10 Exact stop - continuous-path mode (e.g. G60, G641)

G group 13 Workpiece dimensioning inches/metric (e.g. G70, G700)

G group 14 Workpiece dimensioning absolute/incremental (G90)

G group 15 Feedrate type (e.g. G93, G961, G972)

G group 16 Feedrate override on inside and outside curvature (e.g. CFC)

G group 21 Acceleration profile (e.g. SOFT, DRIVE)

G group 22 Tool offset types (e.g. CUT2D, CUT2DF)

G group 29 Radius/diameter programming (e.g. DIAMOF, DIAMCYCOF)

G group 30 Compressor ON/OFF (e.g. COMPOF)
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G groups displayed by default (ISO code)

Group

Meaning_;

G group 1

Modally active motion commands (e.g. GO, G1, G2, G3)

G group 2

Non-modally active motion commands, dwell time (e.g. G4, G74, G75)

G group 3

Programmable offsets, working area limitations and pole programming (e.g.
TRANS, ROT, G25, G110)

G group 6

Plane selection (e.g. G17, G18)

G group 7

Tool radius compensation (e.g. G40, G42)

G group 8

Settable work offset (e.g. G54, G57, G500)

G group 9

Offset suppression (e.g. SUPA, G53)

G group 10

Exact stop - continuous-path mode (e.g. G60, G641)

G group 13

Workpiece dimensioning inches/metric (e.g. G70, G700)

G group 14

Workpiece dimensioning absolute/incremental (G90)

G group 15

Feedrate type (e.g. G93, G961, G972)

G group 16

Feedrate override on inside and outside curvature (e.g. CFC)

G group 21

Acceleration profile (e.g. SOFT, DRIVE)

G group 22

Tool offset types (e.g. CUT2D, CUT2DF)

G group 29

Radius/diameter programming (e.g. DIAMOF, DIAMCYCOF)

G group 30

Compressor ON/OFF (e.g. COMPOF)

Procedure

Machine

G
functions

Select the "Machine" operating area.

Press the <JOG>, <MDA> or <AUTO> key.

Press the "G functions" softkey.
The "G Functions" window is opened.

Press the "G functions" softkey again to hide the window.

The G groups selection displayed in the "G Functions" window may differ.
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Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1




Machining the workpiece

References

4.12 Displaying G Functions and Auxiliary Functions

Machine manufacturer
%} Please refer to the machine manufacturer's specifications.

For more information about configuring the displayed G groups, refer to the following

document:

SINUMERIK Operate (IM9) / SINUMERIK 840D sl Commissioning Manual

412.2 All G functions

All G groups and their group numbers are listed in the "G Functions" window.

Within a G group, only the G function currently active in the controller is displayed.

Additional information in the footer

The following additional information is displayed in the footer:

® Current transformations

Display

Meaning_;

TRANSMIT

Polar transformation active

TRACYL

Cylinder surface transformation active

TRAORI

Orientation transformation active

TRAANG

Inclined axis transformation active

TRACON

Cascaded transformation active

For TRACON, two transformations (TRAANG and TRACYL or TRAANG and
TRANSMIT) are activated in succession.

® Current zero offsets

® Spindle speed
® Path feedrate

® Active tool
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Procedure
w 1. Select the "Machine" operating area.
| |
Machine
MW 2. Press the <JOG>, <MDA> or <AUTO> key.
UL
JoG
=)
AUTO
3. Press the ">>" and "All G functions" softkeys.
The "G Functions" window is opened.
All G
functions
4.12.3 G functions for mold making

In the window "G functions", important information for machining free-form surfaces can be
displayed using the "High Speed Settings" function (CYCLE832).

Software option
E You require the "Advanced Surface" software option in order to use this function.

High-speed cutting information

In addition to the information that is provided in the "All G functions" window, the following
programmed values of the following specific information is also displayed:

e CTOL

e OTOL

e STOLF

The tolerances for GO are only displayed if they are active.
Particularly important G groups are highlighted.

You have the option to configure which G functions are highlighted.
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4.12 Displaying G Functions and Auxiliary Functions

References
e Additional information is available in the following references:
Function Manual, Basic Functions; Chapter, "Contour/orientation tolerance"
® For information about configuring the displayed G groups, refer to the following
document:
Commissioning Manual SINUMERIK Operate (IM9) / SINUMERIK 840D sl
Procedure
'm' 1. Select the "Machine" operating area
| LA |
Machine
MW 2. Press the <JOG>, <MDI> or <AUTO> key.
YL
Joe
=)
AUTO
3. Press the ">>" and "All G functions" softkeys.
The "G Functions" window is opened.
All G
functions
Milling
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4124 Auxiliary functions

Auxiliary functions include M and H functions preprogrammed by the machine manufacturer,
which transfer parameters to the PLC to trigger reactions defined by the manufacturer.

Displayed auxiliary functions

Up to five current M functions and three H functions are displayed in the "Auxiliary
Functions" window.

Procedure
'ﬁ' 1. Select the "Machine" operating area.
Ll
Machine
A 2. Press the <JOG>, <MDA> or <AUTO> key.
YL
JOG
>}
AUTO
uiliary 3. Press the "H functions" softkey.
functions The "Auxiliary Functions" window opens.
Auiliary 4. Press the "H functions" softkey again to hide the window again.
You can display status information for diagnosing synchronized actions in the "Synchronized
Actions" window.
You get a list with all currently active synchronized actions.
In this list, the synchronized action programming is displayed in the same form as in the part
program.
References

Programming Guide Job Planning (PGA) Chapter: Motion-synchronous actions
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Status of synchronized actions

You can see the status of the synchronized actions in the "Status" column.

® \Waiting

® Active

® Blocked

Non-modal synchronized actions can only be identified by their status display. They are only
displayed during execution.

Synchronization types

Synchronization types Meaning

ID=n Modal synchronized actions in the automatic mode up to the end of
program, local to program; n = 1... 254
IDS=n Static synchronized actions, modally effective in every operating type,
also beyond the end of program; n = 1... 254
Without ID/IDS Non-modal synchronized actions in automatic mode
Note
Numbers ranging from 1 to 254 can only be assigned once, irrespective of the identification
number.

Display of synchronized actions

Using softkeys, you have the option of restricting the display to activated synchronized
actions.

Procedure

'm' 1. Select the "Machine" operating area.

|

Machine

2. Press the <AUTO>, <MDA> or <JOG> key.
=)
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4.13 Mold making view

>

SYNC Syrn:hru

Blockwise

Press the menu forward key and the "Synchron." softkey.
The "Synchronized Actions" window appears.
You obtain a display of all activated synchronized actions.

Press the "ID" softkey if you wish to hide the modal synchronized
actions in the automatic mode.

-AND/OR -
Press the "IDS" softkey if you wish to hide static synchronized actions.

-AND/OR -

Press the "Blockwise" softkey if you wish to hide the non-modal
synchronized actions in the automatic mode.

Press the "ID", "IDS" or "Blockwise" softkeys to re-display the

o corresponding synchronized actions.
Blockuwise
4.13 Mold making view

For large mold making programs, as provided by CAD systems, you have the option, using a
fast view, to display the machining paths. This allows you to obtain a fast overview of the
program and possibly correct it.

Checking the program

For instance, you can check whether

® The programmed workpiece has the correct form (shape)

® \Whether there are large traversing errors

® |f yes, which block must be corrected

® How the approach and retraction are performed

198
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4.13 Mold making view

Simultaneous view of the program and mold making view
In the editor, next to the program block display, switch-in the graphic view.

At the left in the editor, if you set the cursor to an NC block with position data, then this NC
block is selected in the graphic view.

If you select a point to the right in the graphic view - then the NC block is selected in the left-
hand part of the editor - i.e. in the other direction. This is how you jump directly to a position
in the program in order to edit a program block for example.

g r I

>

N2 ;9 E
H3 ; TECHHOLOGY: HILL_FIHIS
HY

N4 ; TOOL HAME : RADIUSFRAS
ER_D8Y

H5 ; TOOL TYPE : Hilling To
ol-Ball Hill7

HE ;9

N7 ; Intol : B.8858887
H§ ; Quttol : B.8858887
N9 ; Stock : B.0888887
Hi18 ; Cantolerance=8.817
Nil ;9

H12 ; Operation : FINISH_B_
FY

H13 ; Second ToolY
Ni4 T="BALL_D8 R" DiY
Hi5 HEY -

HAR ~70000 MIE =
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4.13 Mold making view

NC blocks that can be interpreted
Following NC blocks are supported for the mold building view.
® Types
— Lines
GO, G1 with XY Z
— Circles

G2, G3 with center point |, J, K or radius CR, depending on the working plane G17,
G18, G19, CIP with circular point 11, J1, K1 or radius CR

— Polynomial
POLY with X, Y, Z or PO[X] PO[Y] PO[Z]
— B-splines
BSPLINE with degree SD (SD < 6) node PL weights PW
— Absolute data AC and incremental data IC are possible
— For G2, G3 and different radii at the start and end, an Archimedes spiral is used
e QOrientation

— Rotary axis programming with ORIAXES or ORIVECT using ABC for GO, G1, G2, G3,
CIP, POLY

— Rotary axis programming with ORIAXES or ORIVECT using PO[A] POS[b] PO[C] for
POLY

— Orientation vector programming with ORIVECT using A3, B3, C3 for GO, G1, G2, G3,
CIP

— Orientation curve with ORICURVE using XH, YH, ZH, for GO, G1, G2, G3, CIP, POLY,
BSPLINE

— Orientation curve with ORICURVE using PO[XH] PO[YH] PO[ZH] for POLY
— Rotary axes can be specified using DC

® G codes

Working planes (for circle definition G2, G3): G17 G18 G19

Incremental or absolute data: G90 G91

Following NC blocks are not supported for the mold making view.
® Helix programming

e Rational polynomials

e Other G codes or language commands

All blocks that cannot be interpreted are simply ignored
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Changing and adapting the mold making view

Just the same as for simulation and simultaneous recording, you have the option of changing
and adapting the simulation graphical representation in order to achieve the optimum view.

® |ncreasing or reducing the size of the graphic
® Moving the graphic
e Rotating the graphic

® (Changing the section

4.13.1 Starting the mold making view
Procedure
% 1. Select the "Program manager" operating area.
Program
manager
2. Select the desired storage location and position the cursor on the

program that you would like to display in the mold making view.
3. Press the "Open" softkey.

0
. The program is opened in the editor.
4. Press the ">>" and "Mold making view" softkeys.
The editor splits up into two areas.
Mold mak
vieL

The G code blocks are displayed in the left half of the editor.
The workpiece graphic is displayed in the right half of the editor.

All of the points and paths programmed in the part program are shown
in the graphical representation.

5. Press the "Graphic" softkey in order to hide the graphic and to view the
m program as usual in the editor

-OR -
NE Press the "NC blocks" softkey in order to hide the G code blocks and
therefore only to display the graphic.
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4.13 Mold making view

4.13.2 Specifically jump to the program block

If you notice anything peculiar in the graphic or identify an error, then from this location, you
can directly jump to the program block involved to possibly edit the program.

Preconditions
® The required program is opened in the mold making view.
® The "Graphic" softkey is active.
Procedure
1. Press the ">>" and "Select point" softkeys.
Cross-hairs for selecting a point is shown in the diagram.
Select
point
2. Using the cursor keys, move the cross-hairs to the appropriate position
> 4 in the graphic.
colect 3. Press the "Select NC block" softkey.
NC block The cursor jumps to the associated program block in the editor.
4.13.3 Searching for program blocks

Using the "Search" function, you can search for specific program blocks as well as edit
programs; you can do this in one step by replacing the text that you are searching for by a

new text.

Precondition

® The required program is opened in the mold making view.

® The "NC blocks" softkey is active.

Procedure

Search

202

Press the "Search" softkey.
A new vertical softkey bar appears.
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4.13 Mold making view

See also
Searching in programs (Page 173)
Replacing program text (Page 174)
4134 Changing the view
41341 Enlarging or reducing the graphical representation

Precondition
® The mold making view has been started.

® The "Graphic" softkey is active.

Procedure
1. Press the <+> and <-> keys if you wish to enlarge or reduce the graphic
+ display.
The graphic display enlarged or reduced from the center.
-OR -
) Press the "Details" and "Zoom +" softkeys if you wish to increase the
Details size of the segment.
Zoom +
-OR -
) Press the "Details" and "Zoom -" softkeys if you wish to decrease the
Details size of the segment.
Zoom -
-OR-
) Press the "Details" and "Auto zoom" softkeys if you wish to
Details automatically adapt the segment to the size of the window.
The automatic scaling function "Fit to size" takes account of the largest
Autozoom expansion of the workpiece in the individual axes.
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4.13 Mold making view

Note
Selected section

The selected sections and size changes are kept as long as the program is selected.

4.134.2 Modifying the viewport

Use the magnifying glass if you would like to move, increase or reduce the size of the
section of the mold making view, e.g. to view details or display the complete workpiece.

Using the magnifying glass, you can define your own segment and then increase or
decrease its size.

Precondition
® The mold making view has been started.

® The "Graphic" softkey is active.

Procedure

1. Press the "Details" softkey.

Details
2. Press the "Zoom" softkey.
Zoom s .
A magnifying glass in the shape of a rectangular frame appears.
. 3. Press the "Magnify +" or <+> softkey to enlarge the frame.
oom +
-OR-
. Press the "Magnify -" or <-> softkey to reduce the frame.
oom -

-OR -
Press one of the cursor keys to move the frame up, down, left or right.

Vs 4. Press the "Accept" softkey to accept the section.
Accept
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4.14 Displaying the program runtime and counting workpieces

4.14 Displaying the program runtime and counting workpieces

Displayed times

To gain an overview of the program runtime and the number of machined workpieces, open
the "Times, Counter" window.

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

® Program

Pressing the softkey the first time shows how long the program has already been running.

At every further start of the program, the time required to run the entire program the first
time is displayed.

If the program or the feedrate is changed, the new program runtime is corrected after the
first run.

Program remainder
Here you can see how long the current program still has to run. In addition, you can

track how much of the current program has been completed as a percentage by using the
progress bar.

The display only appears when the program is run a second time.

If you are executing the program from an external location, the program loading progress
is displayed here.

Influencing the time measurement

The time measurement is started with the start of the program and ends with the end of
the program (M30) or with an agreed M function.

When the program is running, the time measurement is interrupted with CYCLE STOP
and continued with CYCLE START.

The time measurement starts at the beginning with RESET and subsequent CYCLE
START.

The time measurement stops with CYCLE STOP or a feedrate override = 0.

Counting workpieces

Workpiece count

Milling

You can also display program repetitions and the number of completed workpieces. For the
worpiece count, enter the actual and planned workpiece numbers.

Completed workpieces can be counted via the end of program command (M30) or an M
command.
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4.14 Displaying the program runtime and counting workpieces

Procedure
w 1. Select the "Machine" operating area.
| |
Machine
_3 2. Press the <AUTO> key.
AUTO
T 3. Press the "Times, Counter" softkey.
counter The "Times, Counter" window opens.
4, Select "Yes" under "Count workpieces" if you want to count completed
Q workpieces.
SELECT
5. Enter the number of workpieces needed in the "Desired workpieces"
field.
The number of workpieces already finished is displayed in "Actual
workpieces". This value can be corrected if necessary.
After the defined number of workpieces is reached, the current
workpieces display is automatically reset to zero.
See also

Specifying the number of workpieces (Page 268)

Milling
206 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Machining the workpiece

4.15

Procedure

Milling

4.15 Setting for automatic mode

Setting for automatic mode

Before machining a workpiece, you can test the program in order to identify programming
errors early on. Use the dry run feedrate for this purpose.

In addition, you have the option of additionally limiting the traversing speed for rapid traverse
so that when running-in a new program with rapid traverse, no undesirable high traversing
speeds occur.

Dry run feedrate

The feedrate defined here replaces the programmed feedrate during execution if you have
selected "DRY run feedrate" under program control.

Reduced rapid traverse

This value entered here reduces the rapid traverse to the entered percentage value if you
selected "RGO reduced rapid traverse" under program control.

Displaying measurement results

Using an MMC command, you can display measurement results in a part program:

You can define the following settings:

e \When it reaches the command, the control automatically jumps to the "Machine"
operating area and the window with the measurement results is displayed

® The window with the measurement results is opened by pressing the "Measurement
result" softkey.

'm' 1. Select the "Machine" operating area.
| LA |
Machine
_3 2. Press the <AUTO> key.
AUTO
3. Press the menu forward key and the "Settings" softkey.
> The "Settings for Automatic Operation" window is opened.
ﬁx Settings
4. In "DRY run feedrate," enter the desired dry run speed.
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4.15 Setting for aufomatic mode

5. Enter the desired percentage in the "Reduced rapid traverse RG0Q" field.
RGO has not effect if you do not change the specified amount of 100%.

6. Enter "Automatic" in the "Display measurement result" box if the

Q measurement result window should be automatically opened, or

= "Manual”, if the measurement result window should be opened by
pressing the "Measurement result" softkey.

References
Programming Manual Measuring Cycles / 840D sl/828D

Note

The feedrate can be changed while the operation is running.
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5.1

Overview

During simulation, the current program is calculated in its entirety and the result displayed in
graphic form. The result of programming is verified without traversing the machine axes.
Incorrectly programmed machining steps are detected at an early stage and incorrect
machining on the workpiece prevented.

Graphic display

The simulation represented on the screen uses the correct workpiece and tool proportions.
For simulation at milling machines, the workpiece is located, fixed in space. Only the tool
moves, independent of the machine type.

Definition of blank

The blank dimensions that are entered in the program editor are used for the workpiece.

The blank is clamped with reference to the coordinate system, which is valid at the time that
the blank was defined. This means that before defining the blank in G code programs, the
required output conditions must be established, e.g. by selecting a suitable zero offset.

Programming a blank (example)

Milling

G54 G17 G90

CYCLE8SOO (O, "TISCH", 100000,57,0,0,0,0,0,0,0,0,0,-1,100,1)
WORKPIECE(,,, "Box",112,0,-50,-80,00,155,100)
T="NC-SPOTDRILL D16

Note
Blank offset for a changed zero offset

The blank is always created in the zero offset which is presently active.

If you select another zero offset, then the coordinate system is converted, however, the
display of the blank is not changed.

Display of the traversing paths

The traversing paths are displayed in color. Rapid traverse is red and the feedrate is green.

Depth display

The depth infeed is color-coded. The depth display indicates the actual depth at which
machining is currently taking place. The following applies to the color-coded depth display:
"The deeper, the darker".
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5.1 Overview

Machine references

The simulation is implemented as workpiece simulation. This means that it is not assumed
that the zero offset has already been precisely scratched or is known.

In spite of this, unavoidable machine references are in the programming, such as for
example, the tool change point in the machine, the retraction position when swiveling and
the table components of a swivel kinematic. Depending on the actual zero offset - in the
worst case - these machine references can mean that collisions are shown in the simulation
that would not occur for a realistic zero offset - or vice versa, collisions are not shown, which
could occur for a realistic zero offset.

Programmable frames

All frames and zero offsets are taken into account in the simulation.

Note
Manually swiveled axes

Note that swivel movement in simulation and during simultaneous recording is also displayed
when the axes are swiveled manually at the start.

Simulation display

210

You can choose one of the following types of display:
® Material removal simulation

During simulation or simultaneous recording you can follow stock removal from the
defined blank.

e Path display

You have the option of including the display of the path. The programmed tool path is
displayed.

Note
Tool display in the simulation and for simultaneous recording
In order that workpiece simulation is also possible for tools that have either not been

measured or have been incompletely entered, certain assumptions are made regarding
the tool geometry.

For instance, the length of a miller or drill is set to a value proportional to the tool radius
so that cutting can be simulated.

Note
Thread turns not displayed

For thread and drill thread milling, the thread turns are not displayed in the simulation and for
simultaneous recording.

Milling
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Display variants

Views

Milling

5.1 Overview

You can choose between three variants of graphical display:
e Simulation before machining of the workpiece

Before machining the workpiece on the machine, you can perform a quick run-through in
order to graphically display how the program will be executed.

e Simultaneous recording before machining of the workpiece

Before machining the workpiece on the machine, you can graphically display how the
program will be executed during the program test and dry run feedrate. The machine
axes do not move if you have selected "no axis motion".

e Simultaneous recording during machining of the workpiece

You can follow machining of the workpiece on the screen while the program is being
executed on the machine.

The following views are available for all three variants:
® Top view
e 3D view

® Sijde views

Status display

The current axis coordinates, the override, the current tool with cutting edge, the current
program block, the feedrate and the machining time are displayed.

In all views, a clock is displayed during graphical processing. The machining time is
displayed in hours, minutes and seconds. It is approximately equal to the time that the
program requires for processing including the tool change.

Software options
E You require the option "3D simulation of the finished part" for the 3D view.

You require the option "Simultaneous recording (real-time simulation)" for the
"Simultaneous recording" function.

Determining the program runtime

The program runtime is determined when executing the simulation. The program runtime is
temporarily displayed in the editor at the end of the program.
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5.1 Overview

Properties of simultaneous recording and simulation

Traversing paths

For the simulation, the displayed traversing paths are saved in a ring buffer. If this buffer is
full, then the oldest traversing path is deleted with each new traversing path.

Optimum display

If simultaneous machining is stopped or has been completed, then the display is again
converted into a high-resolution screen. In some cases this is not possible. In this case, the
following message is output: "High-resolution image cannot be generated".

Working zone limitation

No working zone limits and software limit switches are effective in the tool simulation.

Start position for simulation and simultaneous recording

During simulation, the start position is converted via the zero offset to the workpiece
coordinate system.

The simultaneous recording starts at the position at which the machine is currently located.

Restrictions

® Traori: 5-axis motion is linearly interpolated. More complex motion cannot be displayed.
e Referencing: G74 from a program run does not function.

e Alarm 15110 "REORG block not possible" is not displayed.

® Compile cycles are only partly supported.

® No PLC support.

® Axis containers are not supported.

Supplementary conditions

® All of the existing data records (Toolcarrier / TRAORI, TRACYL) are evaluated and must
be correctly commissioned for correct simulation.

e Transformations with swiveled linear axis (TRAORI 64 - 69) as well as OEM
transformations (TRAORI 4096 - 4098) are not supported.

® Changes to the toolcarrier or transformation data only become effective after Power On.

e Transformation change and swivel data record change are supported. However, a real
kinematic change is not supported, where a swivel head is physically changed.

e The simulation of mold making programs with extremely short block change times can
take longer than machining, as the computation time distribution for this application is
dimensioned in favor of the machining and to the detriment of simulation.
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5.1 Overview

Examples

Several examples for machine types that are supported:

Swivel head 90°/90°

“

Swivel head 90°/45°

Milling
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5.1 Overview

\

Swivel table 90°/90°

Swivel table 90°/45°
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5.1 Overview

W
B

Swivel combination 90°/90°

-

3

Swivel combination 45°/90°

Milling
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5.2 Simulation before machining of the workpiece

5.2 Simulation before machining of the workpiece

Before machining the workpiece on the machine, you have the option of performing a quick
run-through in order to graphically display how the program will be executed. This provides a
simple way of checking the result of the programming.

Feedrate override

Feedrate override is also active during simulation.

You can change the feedrate during the simulation via the user interface.

0 %: The simulation stops.

100 %: The program is executed as quickly as possible.

Procedure

I

Program
manager

%

INPUT

>

Simu-
== lation

V74

216

Select the "Program Manager" operating area.

Select the storage location and position the cursor on the program to be
simulated.

Press the <INPUT> or <Cursor right> key.

-0OR -

Double-click the program.
The selected program is opened in the "Program" operating area.
Press the "Simulation" softkey.

The program execution is displayed graphically on the screen. The
machine axes do not move.

Press the "Stop" softkey if you wish to stop the simulation.

-OR -
Press the "Reset" softkey to cancel the simulation.

Press the "Start" softkey to restart or continue the simulation.
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5.3

Procedure

Milling

5.3 Simultaneous recording before machining of the workpiece

Note
Operating area switchover

The simulation is exited if you switch into another operating area. If you restart the
simulation, then this starts again at the beginning of the program.

Simultaneous recording before machining of the workpiece

Before machining the workpiece on the machine, you can graphically display the execution
of the program on the screen to monitor the result of the programming.

Software option
E You require the option "Simultaneous recording (real-time simulation)" for the
simultaneous recording.

You can replace the programmed feedrate with a dry run feedrate to influence the speed of
execution and select the program test to disable axis motion.

If you would like to view the current program blocks again instead of the graphical display,
you can switch to the program view.

1. Load a program in the "AUTO" mode.

Pro Press the "Prog. ctrl." softkey and activate the checkboxes "PRT no axis
[18
cntrl. movement" and "DRY run feedrate".

The program is executed without axis movement. The programmed
feedrate is replaced by a dry run feedrate.

i Simult.  3- Press the "Sim. rec." softkey.
=& record.

n

4. Press the <CYCLE START> key.
STRT The program execution is displayed graphically on the screen.

5. Press the "Sim. rec." softkey again to stop the recording.
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5.4 Simultaneous recording during machining of the workpiece

54 Simultaneous recording during machining of the workpiece

If the view of the work space is blocked by coolant, for example, while the workpiece is being
machined, you can also track the program execution on the screen.

Software option
E You require the option "Simultaneous recording (real-time simulation)" for the
simultaneous recording.

Procedure

1. Load a program in the "AUTO" mode.

» Simutt. 2 Press the "Sim. rec." softkey.
== record.

3. Press the <CYCLE START> key.

aae The machining of the workpiece is started and graphically displayed on
the screen.

4. Press the "Sim. rec." softkey again to stop the recording.

Note

¢ If you switch-on simultaneous recording after the unmachined part information has
already been processed in the program, only traversing paths and tool are displayed.

¢ If you switch-off simultaneous recording during machining and then switch-on the function
again at a later time, then the traversing paths generated in the intermediate time will not
be displayed.
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5.5 Different views of the workpiece

5.5 Different views of the workpiece

In the graphical display, you can choose between different views so that you constantly have
the best view of the current workpiece machining, or in order to display details or the overall
view of the finished workpiece.

The following views are available:
e Top view
e 3D view

® Sijde views

5.5.1 Plan view
1. Start the simulation.
2. Press the "Top view" softkey.
Top view . . . .
The workpiece is shown from above in the top view.
Changing the display

You can increase or decrease the size of the simulation graphic and move it, as well as
change the segment.

5.5.2 3D view
1. Start the simulation.
Further 2. Press the "Other views" and "3D view" softkeys.
views
30
view
Software option
E You require the option "3D simulation (finished part)" for the simulation.
Changing the display

You can increase or decrease the size of the simulation graphic, move it, turn it, or change
the segment.

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 219



Simulating machining

5.5 Different views of the workpiece

Displaying and moving cutting planes

You can display and move cutting planes X, Y, and Z.

Defining cutting planes (Page 227)

Starting the simulation.
Press the "Other views" softkey.

Press the "From front" softkey if you wish to view the workpiece from
the front.

-OR-
Press the "From rear" softkey if you wish to view the workpiece from the
rear.

-OR-

Press the "From left" softkey if you wish to view the workpiece from the
left.

-OR-

Press the "From right" softkey if you wish to view the workpiece from
the right.

You can increase or decrease the size of the simulation graphic and move it, as well as
change the segment.

See also
5.5.3 Side view
Fl.!rther
views
From front
From rear
From [eft
From right
Changing the display
220
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5.6 Editing the simulation display

5.6.1 Blank display

You have the option of replacing the blank defined in the program or to define a blank for
programs in which a blank definition cannot be inserted.

Note

The unmachined part can only be entered if simulation or simultaneous recording is in the
reset state.

Procedure
The simulation or the simultaneous recording is started.
2. Press the ">>" and "Blank" softkeys.
The "Blank Input" windows opens and displays the pre-assigned values.
Blank
3. Enter the desired values for the dimensions.
s 4. Press the "Accept" softkey to confirm your entries. The newly defined
Accept workpiece is displayed.
5.6.2 Showing and hiding the tool path
The path display follows the programmed tool path of the selected program. The path is
continuously updated as a function of the tool movement. The tool paths can be shown or
hidden as required.
Procedure
1. The simulation or the simultaneous recording is started.
2. Press the ">>" softkey.
The tool paths are displayed in the active view.
3. Press the softkey to hide the tool paths.
tool path The tool paths are still generated in the background and can be shown
again by pressing the softkey again.
Delete 4. Press the "'Delete tool path” softkey.
tool path All of the tool paths recorded up until now are deleted.
Milling
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5.7 Program control during the simulation

5.7 Program control during the simulation

5.71 Changing the feedrate

You can change the feedrate at any time during the simulation.

You can track the changes in the status line.

Note

If you are working with the "Simultaneous recording” function, the rotary switch (override) on
the control panel is used.

Procedure

Program
control

Override

+

Override

100%
override

Simulation is started.
Press the "Program control" softkey.

Press the "Override +" or "Override -" softkey to increase or decrease
the feedrate by 5%.

-OR -
Press the "Override 100%" softkey to set the feedrate to the maximum
value.
-OR -

Press the "<<" softkey to return to the main screen and perform the
simulation with changed feedrate.

Note

Toggling between "Override +" and "Override -"

CTRL

222

Press the <CTRL> and <Cursor down> or <Cursor up> keys to toggle
between the "Override +" and "Override -" softkeys.
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5.7 Program control during the simulation

5.7.2 Simulating the program block by block

You can control the program execution during simulation, i.e. execute a program block by
block, as when executing a program.

Procedure

Program
control

Single
block

<«
Back

> sBL
> sBL

Program
control

Single
block

Simulation is started.
Press the "Program control" and "Single block" softkeys.

Press the "Back" and "Start SBL" softkeys.
The pending block of the program is simulated and then stops.

Press "Start SBL" as many times as you want to simulate a single
program block.

Press the "Program control" and the "Single block" softkeys to exist the
single block mode.

Note

Enabling/disabling single block

CTRL

Milling

Press the <CTRL> and <S> keys simultaneously to enable and disable
the single block mode.
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5.8 Changing and adapting a simulation graphic

5.8 Changing and adapting a simulation graphic
5.8.1 Enlarging or reducing the graphical representation
Precondition

The simulation or the simultaneous recording is started.

Procedure

Details

Zoom +

Details

foom -

Details

Autozoom

Press the <+> and <-> keys if you wish to enlarge or reduce the graphic
display.
The graphic display enlarged or reduced from the center.

-OR -
Press the "Details" and "Zoom +" softkeys if you wish to increase the
size of the segment.

-OR-
Press the "Details" and "Zoom -" softkeys if you wish to decrease the
size of the segment.

-OR-
Press the "Details" and "Auto zoom" softkeys if you wish to
automatically adapt the segment to the size of the window.

The automatic scaling function "Fit to size" takes account of the largest
expansion of the workpiece in the individual axes.

Note

Selected section

The selected sections and size changes are kept as long as the program is selected.

224
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5.8 Changing and adapting a simulation graphic

5.8.2 Panning a graphical representation

Precondition

The simulation or the simultaneous recording is started.

Procedure
1. Press a cursor key if you wish to move the graphic up, down, left, or
4 A right.
Vip»
5.8.3 Rotating the graphical representation

In the 3D view you can rotate the position of the workpiece to view it from all sides.

Precondition

Simulation has been started and the 3D view is selected.

Procedure
1. Press the "Details" softkey.
Details
Rotate 2. Press the "Rotate view" softkey.
view
Milling
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2. Press the "Arrow right”, "Arrow left", "Arrow up"”, "Arrow down", "Arrow
= clockwise" and "Arrow counterclockwise" softkeys to change the
position of the workpiece.

T
-OR -
Y
Keep the <Shift> key pressed and then turn the workpiece in the desired
A 4 direction using the appropriate cursor keys.

5.8.4 Modifying the viewport

If you would like to move, enlarge or decrease the size of the segment of the graphical
display, e.g. to view details or display the complete workpiece, use the magnifying glass.

Using the magnifying glass, you can define your own segment and then increase or
decrease its size.

Precondition

The simulation or the simultaneous recording is started.

Procedure

1. Press the "Details" softkey.

Details
2. Press the "Magnifying glass" softkey.
Zoom . .
A magnifying glass in the shape of a rectangular frame appears.
. 3. Press the "Magnify +" or <+> softkey to enlarge the frame.
oom +
-OR -
. Press the "Magnify -" or <-> softkey to reduce the frame.
oom -

-OR -
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5.8 Changing and adapting a simulation graphic

Press one of the cursor keys to move the frame up, down, left or right.

A || <

> ||V

W 4, Press the "Accept" softkey to accept the section.
Accept

5.8.5 Defining cutting planes

In the 3D view, you have the option of "cutting" the workpiece and therefore displaying
certain views in order to show hidden contours.

Precondition

The simulation or the simultaneous recording is started.

Procedure
1. Press the "Details" softkey.
Details
2. Press the "Cut" softkey.
Gut
E The workpiece is displayed in the cut state.
3. Press the corresponding softkey to shift the cutting plane in the required
X+ direction.
2 —
Milling

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 227



Simulating machining

5.9 Displaying simulation alarms

5.9

Precondition

Procedure

228

Displaying simulation alarms

Alarms might occur during simulation. If an alarm occurs during a simulation run, a window

opens in the operating window to display it.
The alarm overview contains the following information:
e Date and time
® Deletion criterion
Specifies with which softkey the alarm is acknowledged
e Alarm number

e Alarm text

Simulation is running and an alarm is active.

Program 1. Press the "Program control" and "Alarm" softkeys.
control The "Simulation Alarms" window is opened and a list of all pending
alarms is displayed.
Alarm
Acknowl. Press the "Acknowledge alarm" softkey to reset the simulation alarms
alarm indicated by the Reset or Cancel symbol.
The simulation can be continued.
-OR -
Simulation Press the "Simulation Power On" softkey to reset a simulation alarm
Power On indicated by the Power On symbol.

Milling
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Generating a G code program 6

6.1 Graphical programming

Functions
The following functionality is available:
e Technology-oriented program step selection (cycles) using softkeys
e |nput windows for parameter assignment with animated help screens
® Context-sensitive online help for every input window

® Support with contour input (geometry processor)

Call and return conditions

e The G functions active before the cycle call and the programmable frame remain active
beyond the cycle.

® The starting position must be approached in the higher-level program before the cycle is
called. The coordinates are programmed in a clockwise coordinate system.
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6.2 Program views

6.2

Program view

230

Program views
You can display a G code program in various ways.
® Program view

® Parameter screen, either with help screen or graphic view

The program view in the editor provides an overview of the individual machining steps of a
program.
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Figure 6-1 Program view of a G code program

In the program view, you can move between the program blocks using
A the <Cursor up> and <Cursor down> keys.
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6.2 Program views

Parameter screen with help display

Press the <Cursor right> key to open a selected program block or cycle
} in the program view.

The associated parameter screen with help screen is then displayed.

Rectangular pocket

PL | GIZ(%Y)  Doun-cut

RP 100.000

sc 1.000

F 700.000 View

Ref. point e

Machining v Rectang.
Single position pocket

X0 78.000

Y0 50.000 J

20 0.000 _

W 35.000

L 60.000

R 8.000

ol 15.000 °

21 1.500 inc

DXY 66.000 mm

IP4 2.500

UXY 0.200

uz 0.200

Insertion Helical

Figure 6-2  Parameter screen with help display

The animated help displays are always displayed with the correct orientation to the selected
coordinate system. The parameters are dynamically displayed in the graphic. The selected
parameter is displayed highlighted in the graphic.

The color symbols

Red arrow = tool traverses in rapid traverse

Green arrow = tool moves with the machining feedrate
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Parameter screen with graphic view

Graphic Using the "Graphic view" softkey, you can toggle between the help
view screen and the graphic view in the screen.
Note

Switching between the help screen and the graphic view

The key combination <CTRL> + <G> is also available for the switchover between the help

screen and the graphic view.

60 | Machining

X0
Y0
60 {20
W
L
40 R
ol
21
0 (DRY
|02
|UXY
-0 e .
| Insertion

Graphic
view

v Rectang.

Single position pocket

78.000
50.000
0.000
35.000
60.000
8.000
15.000
1.500
66.000
2.500
0.200
0.200

nc
mm

Helical

Simu-
%& lation ecute

Figure 6-3  Parameter screen with a graphical view of a G code program block

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Generating a G code program

6.3 Program structure

6.3 Program structure

G_code programs can always be freely programmed. The most important commands that
are included in the rule:

Set a machining plane
Call a tool (T and D)
Call a work offset

Technology values such as feedrate (F), feedrate type (G94, G95,....), speed and
direction of rotation of the spindle (S and M)

Positions and calls, technology functions (cycles)

End of program

For G code programs, before calling cycles, a tool must be selected and the required
technology values F, S programmed.

A blank can be specified for simulation.

See also

Blank input (Page 238)
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6.4 Fundamentals
6.4 Fundamentals
6.4.1 Machining planes

A plane is defined by means of two coordinate axes. The third coordinate axis (tool axis) is
perpendicular to this plane and determines the infeed direction of the tool (e.g. for 2%-D
machining).

When programming, it is necessary to specify the working plane so that the control system
can calculate the tool offset values correctly. The plane is also relevant to certain types of
circular programming and polar coordinates.

Working planes

Working planes are defined as follows:

Plane Tool axis
XY G17 Z
Z/IX G18 Y
Y/Z G19 X
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6.4 Fundamentals

6.4.2 Current planes in cycles and input screens

Each input screen has a selection box for the planes, if the planes have not been specified
by NC machine data.

® Empty (for compatibility reasons to screen forms without plane)
® G17 (XY)
® G18(ZX)
* G19(Y2)

There are parameters in the cycle screens whose names depend on this plane setting.
These are usually parameters that refer to positions of the axes, such as reference point of a
position pattern in the plane or depth specification when drilling in the tool axis.

For G17, reference points in the plane are called X0 YO, for G18 they are called Z0 X0 - and
for G19, they are called YO Z0. The depth specification in the tool axis for G17 is called Z1,
for G18, Y1 and for G19, X1.

If the entry field remains empty, the parameters, the help screens and the broken-line
graphics are displayed in the default plane (can be set via machine data):

® Turning: G18 (ZX)
® Milling: G17 (XY)

The plane is transferred to the cycles as new parameter. The plane is output in the cycle, i.e.
the cycle runs in the entered plane. It is also possible to leave the plane fields empty and
thus create a plane-independent program.

The entered plane only applies for this cycle (not modal)! At the end of the cycle, the plane
from the main program applies again. In this way, a new cycle can be inserted in a program
without having to change the plane for the remaining program.

6.4.3 Programming a tool (T)
Calling a tool
1. You are in a part program
celect 2. Press the "Select tool” softkey.
tool The "Tool selection" window is opened.
To 3. Position the cursor on the desired tool and press the "To program"
program softkey.

The selected tool is loaded into the G code editor. Text such as the
following is displayed at the current cursor position in the G code editor:
T="ROUGHINGTOOL100"

-OR -
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Tool 4. Press the "Tool list" and "New tool" softkeys.
list
Hew
tool
To 5. Then select the required tool using the softkeys on the vertical softkey
program bar, parameterize it and then press the softkey "To program".

The selected tool is loaded into the G code editor.

6. Then program the tool change (M6), the spindle direction (M3/M4), the
spindle speed (S...), the feedrate (F), the feedrate type (G94, G95,...),
the coolant (M7/M8) and, if required, further tool-specific functions.
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6.5

Procedure

See also

Milling

6.5 Generating a G code program

Generating a G code program

Create a separate program for each new workpiece that you would like to produce. The
program contains the individual machining steps that must be performed to produce the
workpiece.

Part programs in the G code can be created under the "Workpiece" folder or under the "Part
programs" folder.

% 1. Select the "Program Manager" operating area.
Program
manager
2. Select the required archiving location.
[N ne
Creating a new part program
3. Position the cursor on the folder "Part programs" and press the "New"
S softkey.

programGLIDE The "New G Code Program" window opens.

i code

4, Enter the required name and press the "OK" softkey.
0K The name can contain up to 28 characters (name + dot + 3-character

extension). You can use any letters (except accented), digits or the
underscore symbol (_).

The program type (MPF) is set by default.
The project is created and opened in the Editor.
Creating a new part program for a workpiece

5. Position the cursor on the folder "Workpieces" and press the "New"
| Hew softkey.

The "New G Code Program" window opens.

programGUIDE

fi code

Ve 6. Select the file type (MPF or SPF), enter the desired name of the
0K program and press the "OK" softkey.

The project is created and opened in the Editor.
7. Enter the desired G code commands.

Changing a cycle call (Page 247)

Creating a new workpiece (Page 582)
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6.6 Blank input

6.6

Function

Procedure

238

Blank input
The blank is used for the simulation and the simultaneous recording. A useful simulation can
only be achieved with a blank that is as close as possible to the real blank.
Create a separate program for each new workpiece that you would like to produce. The
program contains the individual machining steps that are performed to produce the
workpiece.
For the blank of the workpiece, define the shape (cuboid, tube, cylinder, polygon or centered
cuboid) and your dimensions.
Manually reclamping the blank
If the blank is to be manually reclamped from the main spindle to the counterspindle for
example, then delete the blank.
Example
® Blank, main spindle, cylinder
® Machining
e MO ; Manually reclamping the blank
e Blank, main spindle, delete
e Blank, counterspindle, cylinder
® Machining
The blank entry always refers to the work offset currently effective at the position in the
program.
Note
Swiveling
For programs that use "Swiveling", a 0 swivel must first be made and then the blank defined.
3 1. Select the "Program" operating area.
Program
=_ Uari- 2. Press the "Misc." and "Blank" softkeys.
== ous The "Blank Input" window opens.
Blank
Milling
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6.6 Blank input

Parameters Description Unit
Data for Selection of the spindle for blank

e Main spindle

e Counterspindle

Note:

If the machine does not have a counterspindle, then the entry field "Data for" is not

applicable.
Blank Selecting the blank
O e Cuboid

e Tube

e Cylinder

e Polygon

e Centered cuboid

e Delete
X0 1. Rectangular point X - (only for cuboid)
YO 1. Rectangular point Y - (only for cuboid)
X110 2. Rectangular point X (abs) or 2nd rectangular point X referred to X0 (inc) - (only for

cuboid)
Y110 2. Rectangular point Y (abs) or 2nd rectangular point Y referred to YO (inc) - (only for

cuboid)
ZA Initial dimension
VAN S Final dimension (abs) or final dimension in relation to ZA (inc)
/B QO Machining dimension (abs) or machining dimension in relation to ZA (inc)
XA Outside diameter — (only for tube and cylinder) mm
X0 Inside diameter (abs) or wall thickness (inc) — (only for tube) mm
N Number of edges — (only for polygon)
SWorl QO Width across flats or edge length — (only for polygon)
w Width of the blank - (only for centered cuboid) mm
L Length of the blank - (only for centered cuboid) mm
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6.7 Machining plane, milling direction, retraction plane, safe clearance
and feedrate (PL, RP, SC, F)

In the program header, cycle input screens have general parameters that are always
repeated. You will find the following parameters in every input screen for a cycle in a G code
program.

Parameter Description Unit

PL Each input screen has a selection box for the planes, if the planes have not been

o specified by NC machine data.

Machining plane:

o G17(XY)
. G18(ZX)
e G19(Y2)

Milling direction
o

When milling, the machining direction of rotation (climbing or conventional) and the
spindle direction of rotation in the tool list are taken into consideration. The pocket is
then machined in a clockwise or counterclockwise direction.

During path milling, the programmed contour direction determines the machining
direction.

RP

Retraction plane (abs) mm

During machining the tool travels in rapid traverse from the tool change point to the
return plane and then to the safety clearance. The machining feedrate is activated at
this level. When the machining operation is finished, the tool travels at the machining
feedrate away from the workpiece to the safety clearance level. It travels from the safety
clearance to the retraction plane and then to the tool change point in rapid traverse.

The retraction plane is entered as an absolute value.

Normally, reference point Z0 and retraction plane RP have different values. The cycle
assumes that the retraction plane is in front of the reference point.

SC

Safety clearance (inc) mm

Acts in relation to the reference point. The direction in which the safety clearance is
effective is automatically determined by the cycle.

The safety clearance must be entered as an incremental value (without sign).

Feedrate

The feedrate F (also referred to as the machining feedrate) specifies the speed at which
the axes move during machining of the workpiece. The unit of the feedrate (mm/min,
mm/rev, mm/tooth etc. ) always refers to the feedrate type programmed before the cycle
call.

The maximum feedrate is determined via machine data.

240
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6.8 Selection of the cycles via softkey

Overview of machining steps
The following softkey bars are available to insert machining steps.

All of the cycles/functions available in the control are shown in this display. However, at a
specific system, only the steps possible corresponding to the selected technology can be
selected.

=
gy, Drill Centering

Drilling

Reaming Drilling
Reaming
Deep hole
drilling
Boring
=
Thread Tapping
Orl+thrd
milling

=
Positions ,/'\-/.
-

Position
repetit.

. = Face =
ey Ml milling

]

L1 O
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Pocket

Multi- edge
spigot

Groove

Thread
milling

Engraving

Cont. =

mill Contour

Path
milling

Rough
drill

Pocket
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Rectang.
pocket

Gircular
pocket

Rectang.
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edge
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New
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6.8 Selection of the cycles via softkey

Pocket
res.mat.

Multi- edge
spigot

Spigot
res. mat.

Turning cycles only for milling/turning machine

A Turn- = Stock =
= ing removal

Groove

EE PR F

= Undercut

lindercut form E

lindercut
form F

lindercut
thrd DIN

lindercut
thread

= Thread

Thread loog.

Thread
taper

Thread
face

Thread
chain

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 243



Generating a G code program
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Gutoft

Cont.
turn.

Note:

New

Gontour contour

Contour
call

Stock
removal

Cut resid
stock

Grooving

Groove
resid.

Part

Part
resid.

Please refer to the machine manufacturer's specifications.
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=
S ous Blank

[0 |

Swivel
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tool
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settings
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6.9 Calling technology functions

0¥ Meas. = A menu tree with all of the available measuring versions of the measuring
workp. cycle function "Measure workpiece" can be found in the following
reference:

Programming Manual Measuring cycles / SINUMERIK 840D s|/828D

Meas. = A menu tree with all of the available measuring versions of the measuring
!I tool cycle function "Measure tool" can be found in the following reference:

Programming Manual Measuring cycles / SINUMERIK 840D sl/828D

6.9 Calling technology functions

6.9.1 Hiding cycle parameters

The documentation describes all the possible input parameters for each cycle. Depending on
the settings of the machine manufacturer, certain parameters can be hidden in the screens,
i.e. not displayed. These are then generated with the appropriate default values when the
cycles are called.

For additional information, please refer to the following documentation:
Commissioning Manual SINUMERIK Operate / SINUMERIK 840D sl

Cycle support
Example
) 1. Use the softkeys to select whether you want support for programming
h Drill contours, drilling or milling cycles.
ey il
2. Select the desired cycle via the softkey.
Contour
v 3. Enter the parameters and press the "Accept" key.
Accept
The cycle is transferred to the editor as G code.
Milling
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6.9 Calling technology functions

6.9.2

6.9.3

6.9.4

Input of variables

Examples

246

Setting data for cycles

Cycle functions can be influenced and configured using machine and setting data.
For additional information, please refer to the following documentation:

Commissioning Manual SINUMERIK Operate / SINUMERIK 840D sl

Checking cycle parameters

The entered parameters are already checked during the program creation in order to avoid
faulty entries.

If a parameter is assigned an illegal value, this is indicated in the input screen and is
designated as follows:

® The entry field has a colored background (background color, pink).
® A note is displayed in the comment line.

e |f the parameter input field is selected using the cursor, the not is also displayed as
tooltip.

The programming can only be completed after the incorrect value has been corrected.

Faulty parameter values are also monitored with alarms during the cycle runtime.

Programming variables

In principle, variables or expressions can also be used in the input fields of the screen forms
instead of specific numeric values. In this way, programs can be created very flexibly.

Please note the following points when using variables:

® Values of variables and expressions are not checked since the values are not known at
the time of programming.

® Variables and expressions cannot be used in fields in which a text is expected (e.g. tool
name).

An exception is the "Engraving" function , in which you can assign the desired text in the
text field via a variable as "Variable text".

® Selection fields generally cannot be programmed with variables.

VAR_A
VAR_A+2*VAR_B
SIN(VAR_C)
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6.9 Calling technology functions

6.9.5 Changing a cycle call

You have called the desired cycle via softkey in the program editor, entered the parameters
and confirmed with "Accept".

Procedure
1. Select the desired cycle call and press the <Cursor right> key.

> The associated input screen of the selected cycle call is opened.
-OR -

G <&> Press the <SHIFT + INSERT> key combination.

SHET | | inserT This starts the edit mode for this cycle call and you can edit it like a
normal NC block. This means that it is possible to generate an empty
block before the cycle is called. For instance, to insert something before
a cycle that is located at the beginning of the program.

Note: In edit mode, the cycle call can be changed in such a way that it
can no longer be recompiled in the parameter screen.
You exit the edit mode by pressing the <SHIFT + INSERT> key

ﬁ @> combination.

SHIFT INSERT
-OR -

<> You are in the edit mode and press the <INPUT> key.
ot A new line is created after the cursor position.
See also
Generating a G code program (Page 237)
6.9.6 Compatibility for cycle support
The cycle support is generally upwards compatible. This means that cycle calls in NC
programs can always be recompiled with a higher software version, changed and then run
again.
When transferring NC programs to a machine with a lower software version, it cannot be
guaranteed, however, that the program will be able to be changed by recompiling cycle calls.
Milling
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6. 10 Measuring cycle support

6.9.7 Additional functions in the input screens

Selection of units

@ [f, for example, the unit can be switched in a field, this is highlighted as soon as the
cursor is positioned on the element. In this way, the operator recognizes the
dependency.

The selection symbol is also displayed in the tooltip.

Display of abs or inc

The abbreviations "abs" and "inc" for absolute and incremental values are displayed behind
the entry fields when a switchover is possible for the field.

Help screens
2D and 3D graphics or sectional views are displayed for the parameterization of the cycles.

Online help

If you wish to obtain more detailed information about certain G code commands or cycle
parameters, then you can call a context-sensitive online help.

6.10 Measuring cycle support

Measuring cycles are general subroutines designed to solve specific measurement tasks.
They can be adapted to specific problems via parameter settings.

Software option
E You require the "Measuring cycles" option to use "Measuring cycles".

References
You will find a more detailed description on how to use measuring cycles in:
Programming Manual Measuring cycles / SINUMERIK 840D sl/828D
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Creating a ShopMill program 7

The program editor offers graphic programming to generate machining step programs that
you can directly generate at the machine.

Software option
E You require the "ShopMill/ShopTurn" option to generate ShopMill machining
step programs.

Program loops

When you open a ShopMill program a program test is always executed. For larger program
loops or nested program loops, this can result in performance problems in the editor.
Therefore, always program program repetitions in the program end block.

Functions
The following functionality is available:
® Technology-oriented program step selection (cycles) using softkeys
® [nput windows for parameter assignment with animated help screens
e Context-sensitive online help for every input window
e Support with contour input (geometry processor)

See also
Repeating program blocks (Page 266)
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7.1 Program views

7.1 Program views

You can display a ShopMill program in various views:

e Work plan

® Graphic view

® Parameter screen, eit

her with help screen or graphic view

Milling

Work plan
The work plan in the editor provides an overview of the individual machining steps of a
program.
NE/MANN/PGM_HAN
P H5 Programmkopf Hullpunktversch. G54
a0 LT — PLAMEN .
&2 M210 Einstellungen Gegenlauf Rohteil
G H405 E_COH(“OBEH_LIHKS", 1, "E_LAB_A_OBEN_LINKS","E_LAB_E_OBEN_LIN
KS"); “RO™Y
L3:H15 Tasche Frisen T-DGROB FO.06/2 5100000 2F5-1
&2 N200 Finstellungen Gleichlauf Rohteil
G HA10 E_COH("OBEK_HITTE", 1, "E_LAB_N_OBEN_MITTE","E_LAB_F_OBEN_HIT
TE"); *RO*Y
I3.H25 Tasche Friisen T-DGA08 FO.06/2 5100000 2F5-1
G H415 E_COM("OBEN_RECHTS", 1, "E_LAB_A_OBEN_RECHTS", “E_LAB_E_OBEN_A
ECHTS"); "R0"Y
£3:Ha5 Tasche Frisen T=DBRO8 FO.06/2 S10000U 2FS=1
G HA20 E_COM{"UNTEM_LINKS", 1, "E_LAB_B_UNTEM_LINKS","E_LAB_E_UNTEN_
LTHKS" ); *RO*Y
32 H340 Tasche Frisen T=DBRO8 FO.06/2 S10000U 2FS=1
6 H425 E_COH(“UNTEN HITTE", 1, "E_LAB_A_UNTEN HITTE","E_LAB_E_UNTEN_
HITTE"); "RO™Y
TR I UATIE Tooche =
S ke, il
Figure 7-1 Work plan of a ShopMill program
1. You can move between the program blocks in the work plan using
A v the <Cursor up> and <Cursor down> keys.
2. Press the ">>" and "Graphic view" softkeys to display the graphic
view.
Graphic
view
250
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7.1 Program views

Note
Switching between the help screen and the graphic view

The key combination <CTRL> + <G> is also available for the switchover between the help
screen and the graphic view.

Graphic view
The graphic view shows the contour of the workpiece as a dynamic graphic with broken
lines. The program block selected in the work plan is highlighted in color in the graphic view.
N
HC/MANN/PGM_MaN
= L
£ Graphic
view
Figure 7-2  Graphic view of a ShopMill program
Milling
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Parameter screen with help display

Press the <Cursor right> key to open a selected program block or
} cycle in the work plan.

The associated parameter screen with help screen is then
displayed.

Mill spigot
U

= F 0.150 mm/tooth _
i 5 10000.000 rpm
(] Machining 7 view
(] 20 5.000
21 1.000 inc -
DXY 50.000 %
3 14 6.000
@ UXY 0.100
- uz 0.100
Abhebemodus
¢ o ||
[y
o ||
G
QJ
[
LA

Figure 7-3  Parameter screen with help display

The animated help displays are always displayed with the correct orientation to the selected
coordinate system. The parameters are dynamically displayed in the graphic. The selected
parameter is displayed highlighted in the graphic.

The color symbols
Red arrow = tool traverses in rapid traverse

Green arrow = tool moves with the machining feedrate

Milling
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7.1 Program views

Parameter screen with graphic view

Graphic Using the "Graphic view" softkey, you can toggle between the help
view screen and the graphic view in the screen.
Note

Switching between the help screen and the graphic view

The key combination <CTRL> + <G> is also available for the switchover between the help
screen and the graphic view.

HE/HMHANN/PGM_MAN Mill spigot Select

P I T oemss 01 | too
1100 F 0.150 mm/tooth -
!; s 10000.000 rpm Graphic
@ | Machining 7 view
[ |20 5.000
2 1.000 inc

A0 |DXY 50.000 %
R D2 6.000
“ Uy 0.100
= 0z 0.100

0 | Abhebemodus
2 ! To RP
[
G -50
G
el
© 100
=50 0 50 X

L i i i oy

Figure 7-4 Parameter screen with graphic view
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7.2 Program structure

7.2 Program structure
A machining step program is divided into three sub-areas:
® Program header
® Program blocks
® End of program

These sub-areas form a work plan.

Program header

The program header contains parameters that affect the entire program, such as blank
dimensions or retraction planes.

Program blocks

You determine the individual machining steps in the program blocks. In doing this, you
specify the technology data and positions, among other things.

Linked blocks

For the "Contour milling", "Milling", and "Drilling" functions, program the technology blocks
and contours or positioning blocks separately. These program blocks are automatically
linked by the control and connected by brackets in the work plan.

In the technology blocks, you specify how and in what form the machining should take place,
e.g. centering first, and then drilling. In the positioning blocks, you define the positions for
drilling or milling operations.

End of program

End of program signals to the machine that the machining of the workpiece has ended.
Further, here you set whether program execute should be repeated.

Note
Number of workpieces

You can enter the number of required workpieces using the "Times, counters" window.
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7.3 Fundamentals

7.3 Fundamentals

7.3.1 Machining planes

A plane is defined by means of two coordinate axes. The third coordinate axis (tool axis) is
perpendicular to this plane and determines the infeed direction of the tool (e.g. for 22-D
machining).

When programming, it is necessary to specify the working plane so that the control system
can calculate the tool offset values correctly. The plane is also relevant to certain types of
circular programming and polar coordinates.

Working planes

Working planes are defined as follows:

Plane Tool axis
XY G17 Z
ZIX G18 Y
Y/Z G19 X
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7.3 Fundamentals

7.3.2

Example

7.3.3

256

Polar coordinates

The rectangular coordinate system is suitable in cases where dimensions in the production
drawing are orthogonal. For workpieces dimensioned with arcs or angles, it is better to

define positions using polar coordinates. This is possible if you are programming a straight
line or a circle.

Polar coordinates have their zero point at the "pole".

P2

6o

75°

QD

30°

% Pole

P1

i8]

Points P1 and P2 can then be described — with reference to the pole — as follows:

P1: Radius =100 / angle =30°
P2: Radius =60 / angle =75°

Absolute and incremental dimensions

Absolute dimensions

With absolute dimensions, all the position specifications refer to the currently valid zero
point. Applied to tool movement this means: The absolute dimension data defines the

position, to which the tool is to travel.
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Example

P2

P1

60

P3

35

20

20

50

70

The position data points P1 to P3 in absolute dimensions relative to the zero point are the
following:

P1: X20 Y35
P2: X50 Y60
P3: X70 Y20

Incremental dimensions

In the case of production drawings in which dimensions refer to some other point on the
workpiece rather than the zero point, it is possible to enter an incremental dimension.

When incremental dimensions are entered, each item of position data refers to a point
programmed beforehand.

Example

P2

20
P1

20

20 30 20

The position data for points P1 to P3 in incremental dimensions are:
P1: X20 Y35 ;(referred to the zero point)

P2: X30 Y20 ;(referred to P1)

P3: X20 Y-35 ;(referred to P2)
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7.4 Creating a ShopMill program

7.4

Procedure

See also

258

Creating a ShopMill program

Create a separate program for each new workpiece that you would like to produce. The
program contains the individual machining steps that must be performed to produce the

workpiece.

If you create a new program, a program header and program end are automatically

generated.

ShopMill programs can be created in a new workpiece or under the folder "Part programs".

I

Program
manager

New

ShopMill

4.
0K

Ew| °

Select the "Program Manager" operating area.

Select the desired storage location and position the cursor on the folder
"Part programs" or under the folder "Workpieces" on the workpiece for
which you wish to create a program.

Press the "New" and "ShopMill" softkeys.
The "New machining step programming" window opens.

Enter the required name and press the "OK" softkey.

The name can contain up to 28 characters (name + dot + 3-character
extension). You can use any letters (except accented), digits or the
underscore symbol (_). The "ShopMill" program type is selected.

The editor is opened and the "Program header" parameter screen is
displayed.

Filling out the program header

O

SELECT

< 6.
Accept

5.

Select a zero offset and enter the dimensions of the blank and the
parameters, which are effective over the complete program, e.g.
dimension units in mm or inch, tool axis, retraction plane, safety
clearance and machining direction.

Press the "Accept" softkey.

The work plan is displayed. Program header and end of program are
created as program blocks.

The end of program is automatically defined.

Changing program settings (Page 270)

Creating a new workpiece (Page 582)
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7.5 Program header
7.5 Program header
In the program header, set the following parameters, which are effective for the complete
program.
Parameter Description Unit
Dimension unit O The dimension unit (mm or inch) set in the program header only refers to the mm
position data in the actual program. All other data, such as feedrate or tool offsets, | inch
is entered in the dimension unit that you have set for the entire machine.
Work offset iQ The work offset in which the workpiece zero is saved.
You can also delete the pre-setting of the parameter if you do not want to specify a
work offset.
Clamping © Selecting the clamping location of the blank for multiple clamping
e Table

All clampings are mounted on a table
Note: No turning cycles can be used in the program with the "Table" selection

e C1..

All clampings are mounted on a rotary axis
Note:
Please refer to the machine manufacturer's specifications.

Blank & Define the form and dimensions of the workpiece
e Cylinder
DA Outer diameter & mm
e Polygon
N Number of edges
SW/L Width across flats mm
O Edge length
¢ Centered cuboid
w Width of blank mm
L Length of blank mm
e Cuboid
X0 1. 1st corner point X mm
YO0 1. 1st corner point Y mm
X110 2. 2nd corner point X (abs) or 2nd corner point X referred to X0 (inc) mm
Y110 2. 2nd corner point Y (abs) or 2nd corner point Y referred to YO (inc) mm
ZA Initial dimension
VAN S Final dimension (abs) or final dimension in relation to ZA (inc)
e Tube
DA Outer diameter & mm
al o Inner diameter & (abs) or wall thickness (inc) mm
e Without

Without blank use
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7.5 Program header

Parameter Description Unit
HA Initial dimension mm
- not for "Cuboid" and

"Without" blanks

HI QO Final dimension (abs) or final dimension in relation to HA (inc) mm

- not for "Cuboid" and
"Without" blanks

PL IO

Machining plane
G17 (XY)
G18 (ZX)
G19(Y2)

Note: The plane settings can already be defined. Ask the machine manufacturer in
order that the selection box is available.

Retraction plane RP
Safety clearance SC:

Planes above the workpiece.

During machining, the tool travels in rapid traverse from the tool change point to the
return plane (RP) and then to the safety clearance (SC). The machining feedrate is
activated at this height. When the machining operation is finished, the tool traverses
at the machining feedrate away from the workpiece to the safety clearance height. It
traverses from the safety clearance to the retraction plane and then to the tool
change point in rapid traverse. The retraction plane is entered as an absolute value.

The safety clearance must be entered as an incremental value (without sign).

Machining direction i

When machining a pocket, a longitudinal slot or a spigot, ShopMill takes the
machining direction (down-cut or up-cut) and the spindle direction in the tool list into
account. The pocket is then machined in a clockwise or counterclockwise direction.

During path milling, the programmed contour direction determines the machining
direction.

Retraction position e Optimized
pattern
0 When machining with optimized retraction, the tool travels across the workpiece
at the machining feedrate depending on the contour and with a safety clearance
(SC).
e ToRP
When retracting to RP, the tool is retracted to the retraction plane when the
machining step is complete and infeeds at the new position. Collisions with
workpiece obstacles are thus prevented when the tool is retracted and fed in,
e.g. when holes in pockets or grooves are machined at different levels and
positions.
See also
Program header setting, "Clamping" (Page 623)
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7.6 Generating program blocks

7.6 Generating program blocks

After a new program is created and the program header is filled out, define the individual
machining steps in program blocks that are necessary to machine the workpiece.

You can only create the program blocks between the program header and the program end.

Procedure
Selecting a technological function
1. Position the cursor in the work plan on the line behind which a new
program block is to be inserted.
Strght 2. Using the softkeys, select the desired function. The associated
Circle parameter screen is displayed.
Cont.
mill.
3. First, program the tool, offset value, feedrate and spindle speed (T, D,
F, S, V) and then enter the values for the other parameters.
Selecting a tool from the tool list
celect 4. Press the "Select tools" softkey if you wish to select the tool for
tool parameter "T".
The "Tool selection" window is opened.
To 5. Position the cursor on the tool that you wish to use for machining and
program press the "To program" softkey.
The selected tool is accepted into the parameter screen form.
-OR-
Tool Press the "Tool list" and "New tool" softkeys.
list
Hew
tool
Using the softkeys on the vertical softkey bar, select the required tool
with the data and press the "To program" softkey.
The selected tool is accepted into the parameter screen form.
The process plan is displayed and the newly generated program block
is marked.
Milling
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7.7 Tool, offset value, feed and spindle speed (T, D, F, S, V)

7.7

Tool (T)

Cutting edge (D)

Tool, offset value, feed and spindle speed (T, D, F, S, V)

Generally, the following parameters are entered for a program block.

Each time a workpiece is machined, you must program a tool. Tools are selected by name,
and the selection is integrated in all parameter screen forms of the machining cycles (with
the exception of the straight line/circle).

The tool length offsets become active as soon as the tool is changed.

Tool selection is modal for the straight line/circle, i.e. if the same tool is used to perform
several machining steps occur in succession, you only have to program one tool for the first
straight line/circle.

In the case of tools with several cutting edges, there is a separate set of individual tool offset
data for each edge. For these tools, you must select or specify the number of the cutting
edge that you would like to use for machining.

NOTICE

Risk of collision

Collisions may occur if you specify the wrong cutting edge number for some tools (e.g. a
flat chamfering drill with guide spigot or step drill) and then traverse the tool. Always ensure
that you enter the correct cutting edge number.

Tool length compensation

Tool length compensation takes effect as soon as the tool is loaded into the spindle.
Different tool offsets can be assigned to each tool with multiple cutting edges.

The tool length compensation of the spindle tool remains active even after the program has
been executed (RESET).

Radius compensation

262

The tool radius compensation is automatically included in the machining cycles except for
path milling.

For path milling and straight line/circle, you have the option of programming the machining
with or without radius compensation. The tool radius compensation is modal for straight

lines/circles, i.e. you have to deselect the radius compensation if you want to traverse
without radius compensation.
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Feedrate (F)

7.7 Tool, offset value, feed and spindle speed (T, D, F, S, V)

W Radius compensation to right of contour

Radius compensation to left of contour

&

5 Radius compensation off

Radius compensation remains as previously set

The feedrate F (also referred to as the machining feedrate) specifies the speed at which the
tool moves when machining the workpiece. The machining feedrate is entered in mm/min,
mm/rev or in mm/tooth. The feedrate for milling cycles is automatically converted when
switching from mm/min to mm/rev and vice versa.

It is only possible to enter the feedrate in mm/tooth during milling; this ensures that each
cutting edge of the milling cutter is cutting under the best possible conditions. The feedrate
per tooth corresponds to the linear path traversed by the milling cutter when a tooth is
engaged.

With milling cycles, the feedrate for rough cutting is relative to the milling tool center point.
This also applies to finish cutting, with the exception of concave curves where the feedrate is
relative to the contact point between the tool and workpiece.

The maximum feedrate is determined via machine data.

Converting the feedrate (F) for drilling and milling

The feedrate entered for drilling cycles is automatically converted when switching from
mm/min to mm/rev and vice versa using the selected tool diameter.

The feedrate entered for milling cycles is automatically converted when switching from mm/Z
to mm/min and vice versa using the selected tool diameter.

Spindle speed (S) / cutting rate (V)

Milling

You have the option of either programming the spindle speed (S) or the cutting rate (V). You
can toggle between them using the <SELECT> key.

In the milling cycles, the spindle speed is automatically converted to the cutting rate and vice
versa.

® Spindle speed and cutting rate remain valid until you program a new tool.
® Spindle speeds are programmed in rpm.

e (Cutting rates are programmed in m/min

® You can set the direction of rotation of a tool in the tool list.

Converting the spindle speed (S) / cutting rate (V) when milling.
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7.8 Defining machine functions

7.8 Defining machine functions

You can switch-on the coolant or stop machining between the individual machining steps.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

You have the option of defining machine functions as well as your own texts in the "Machine
functions" window.

References
A description of the configuration options is provided in
Commissioning Manual SINUMERIK Operate / SINUMERIK 840D sl
Procedure
1. The ShopMill program to be edited has been created and you are in the
editor.
> 2. Press the menu forward key and the "Straight Circle" softkey.
Ef‘ Strght
Circle
Machine 3. Press the "Machine functions" softkey.
functions The "Machine functions" window opens.
4, Enter the desired parameters.
Vs 5. Press the "Accept" softkey.
Accept
See also

Starting and stopping a spindle manually (Page 132)
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7.8 Defining machine functions

Parameter Description Unit
O Spindle M function, defines the spindle direction of rotation or spindle position
-
e Spindle off
e 1Spindle rotates clockwise
e [,"Spindle rotates counterclockwise
o "R Spindle positions
Stop position Spindle stop position - (only for spindle M function SPOS) Degrees
Other M function Machine functions, e.g. "Close door" that are additionally provided by the
machine manufacturer.
Coolant1 1Q Selects coolant (switches coolant 1 on or off)
o with
e without
Coolant2 10 Selects coolant (switches coolant 2 on or off)
e with
e without
Tool-spec. function 1 IQ User machine functions on/off
Tool-spec. function 2 I User machine functions on/off
Tool-spec. function 3 I User machine functions on/off
Tool-spec. function 4 IQ User machine functions on/off
DT Dwell time in seconds s
Time after which machining is continued.
Programmed stop 10O Programmed stop on
Stops machining at the machine if, under Machine in the "Program control"
window, the check box "Programmed stop" was activated.
Stop IO Stop on
Stops machining at the machine.
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7.9 Call work offsets

7.9

Procedure

7.10

266

Call work offsets

You can call work offsets (G54, etc.) from any program.

You define work offsets in work offset lists. You can also view the coordinates of the selected
offset here.

—_

Uari- Press the "Various", "Transformations" and "Work offset" softkeys.
ous The "Work offset" window opens.

1l |
Il

Transfor-
mations

Work
offset

O

SELECT

" 3. Press the "Accept" softkey.
Accept The work offset is transferred into the work plan.

2. Select the desired work offset (e.g. G54).

Repeating program blocks

If certain steps when machining a workpiece have to be executed more than once, it is only
necessary to program these steps once. You have the option of repeating program blocks.

Note
Machining several workpieces

The program repeat function is not suitable to program repeat machining of parts.

In order to repeatedly machine the same workpieces (Page 268) program this using end of
program.

Start and end marker

You must mark the program blocks that you want to repeat with a start and end marker. You
can then call these program blocks up to 200 times within a program. The markers must be
unique, i.e. they must have different names. No names used in the NCK can be used.
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7. 10 Repeating program blocks

You can also set markers and repeats after creating the program, but not within linked

program blocks.

Note

You can use one and the same marker as end marker for preceding program blocks and as
start marker for following program blocks.

Procedure

Uari-

[ |
I}

Repeat
program

Set
mark

Ll
Accept

Set
mark

Ll
Accept

Repeat
program

Lt d
Accept

Milling

o

Position the cursor at the program block, behind which a program block
that will be repeated should follow.

Press the "Various" softkey.

Press the ">>" and "Repeat progr." softkeys.

Press the "Set marker" and "Accept” softkeys.
A start marker is inserted behind the actual block.

Enter the program blocks that you want to repeat later.
Press the "Set marker" and "Accept" softkeys again.
An end marker is inserted after the actual block.

Continue programming up to the point where you want to repeat the
program blocks.

Press the "Various" and "Repeat progr." softkeys.

Enter the names of the start and end markers and the number of times
the blocks are to be repeated.

Press the "Accept" softkey.
The marked program blocks are repeated.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 267



Creating a ShopMill program

7.11 Specifying the number of workpieces

7.11 Specifying the number of workpieces

If you wish to produce a certain quantity of the same workpiece, then at the end of the
program, specify that you wish to repeat the program.

Control the numbers of times that the program is repeated using the "Times, counters"
window. Enter the number of required workpieces using the target number. You can track
the number of machined and completed workpieces in the actual counter window.

Controlling program repetition

End of program: Times, counter:
Repeat Counts the
workpieces

No No A CYCLE START is required for each workpiece.

No Yes A CYCLE START is required for each workpiece.
The workpieces are counted.

Yes Yes The program is repeated without a new CYCLE START
until the required number of workpieces have been
machined.

Yes No Without a new CYCLE START, the program is repeated
an infinite number of times.

You can interrupt program execution with <RESET>.
Procedure
1. Open the "Program end" program block, if you want to machine more
than one workpiece.
2. In the "Repeat" field, enter "Yes".
Vs 3. Press the "Accept" softkey.

Accept If you start the program later, program execution is repeated.
Depending on the settings in the "Times, counters" window, the
program is repeated until the set number of workpieces has been
machined.

See also

Displaying the program runtime and counting workpieces (Page 205)
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7.12

Procedure

Milling

7.12 Changing program blocks

Changing program blocks

You can subsequently optimize the parameters in the programmed blocks or adapt them to
new situations, e.g. if you want to increase the feedrate or shift a position. In this case, you
can directly change all the parameters in every program block in the associated parameter

screen form.

I

Program
manager

Select the program that you wish to change in the "Program Manager"
operating area.

Press the <Cursor right> or <INPUT> key.
The work plan of the program is displayed.

Position the cursor in the work plan at the desired program block and
press the <Cursor right> key.

The parameter screen for the selected program block is displayed.
Make the desired changes.
Press the "Accept" softkey.

-OR -
Press the <Cursor left> key.

The changes are accepted in the program.
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713 Changing program settings

Function

All parameters defined in the program header, with the exception of the dimension unit, can
be changed at any location in the program.

The settings in the program header are modal, i.e. they remain active until they are changed.

For the simulation and the simultaneous recording use a blank. A useful simulation can only
be achieved with a blank that is as close as possible to the real blank.

For the blank of the workpiece, define the shape (cuboid, tube, cylinder, polygon or centered
cuboid) and your dimensions.

The blank entry always refers to the work offset currently effective at the position in the
program.

Define a new blank, e.g. in the machining step program, if you want to change the visible
section during simulation.

This is useful for the work offset, coordinate transformation, cylinder peripheral surface
transformation and swiveling functions. First program the functions listed above and then
define a new blank.

Procedure
3 1. Select the "Program” operating area.
Program
= Uari- 2. Press the "Various" and "Settings" softkeys.
== ous The "Settings" input window opens.
Settings
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7.13 Changing program seltings

7.13.1 Parameters
Table 7- 1
Parameter Description Unit
Clamping O Selecting the clamping location of the blank for multiple clamping
e Table

All clampings are mounted on a table
Note: No turning cycles can be used in the program with the "Table" selection.

e C1..

All clampings are mounted on a rotary axis
Note:
Please refer to the machine manufacturer's specifications.

Blank Selecting the blank:
o e Cylinder
e Tube
e Centered cuboid
e Cuboid
e Polygon
o Without
e Cylinder
DA Outer diameter & mm
e Tube
A Outer diameter & mm
al o Inner diameter @ (abs) or wall thickness (inc) mm
¢ Centered cuboid
w Width of blank mm
L Length of blank mm
e Cuboid
X0 1st corner point X mm
YO 1st corner point Y mm
X1 2nd corner point X (abs) or 2nd corner point X referred to X0 (inc) mm
Y1 2nd corner point X (abs) or 2nd corner point X referred to X0 (inc) mm
ZA Initial dimension mm
VAR S ] Final dimension (abs) or final dimension in relation to ZA (inc) mm
e Polygon
N Number of edges
SW Width across flats mm
L Edge length
9]
Milling
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7.13 Changing program settings

Parameter Description Unit
e Without
No blank use
HA Initial dimension mm
HI O Final dimension (abs) or final dimension in relation to HA (inc) mm
PL O Machining plane
e G17 (XY)
o G18(ZX)
e G19(YZ)
RP Retraction plane (abs) mm
SC Safety clearance (inc) mm
Acts in relation to the reference point. The direction in which the safety clearance is
effective is automatically determined by the cycle.
Machining Milling direction
direction e Down-cut
© e Up-cut
Retraction position | Lift mode before new infeed mm
pattern e TORP
o e Optimized
Milling
272 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Creating a ShopMill program
7. 14 Selection of the cycles via softkey

7.14 Selection of the cycles via softkey

Overview of machining steps
The following machining steps are available for insertion.

All of the cycles/functions available in the control are shown in this display. However, at a

specific system, only the steps possible corresponding to the selected technology can be
selected.

=
gy, Drill Centering

Drilling = -
Reaming Drilling
Reaming
Deep hole
drilling
Boring
=
Thread Tapping
Orl+thrd
milling

Positions ,/'\-/.

-
Obstacle
Position
repetit.

ey Mill mﬁlti::g ]
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7. 14 Selection of the cycles via softkey

B
| O

= Rectang.
Pocket pocket
Gircular
pocket
Multi-edge = Rectang.
spigot spigot
Gircular
spigot
Multi-
edge
= Longit.
Groove Qroous
Gircular
groove
Open slot
Thread
milling
Engraving
Cont. = Mew
mill. contour
Path
milling
=
H;IJ:J“g:h Centering
Rough
drill
All para-
meters
Pocket
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7. 14 Selection of the cycles via softkey

Pocket = nll para-
res.mat. meters
Multi- edge
spigot
Spigot = nll para-
res. mat. meters
Note:
Please refer to the machine manufacturer's
specifications.
= lari- ~ .
EE oUs Settings
Swivel = Initial
plane setting
HighSpeed
settings
Transfor- = Work
mations offset
Off-
set
Rotation
Scaling
Mirroring
Sub-
program
= Repeat =
program n
R
pri
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7. 14 Selection of the cycles via softkey

[ > ] |

Ef‘ Strght =
Gircle

oy Meas. =~

workp.

Meas. =
!I tool

276

Tool = Gelect
tool
. = Rapid
Straight traverse
Circle
center
Circle
radius
Helix
=
Polar Pole
Straight =
polar
Circle
polar
Machine
functions

A menu tree with all of the available
measuring versions of the measuring
cycle function "Measure workpiece"
can be found in the following
reference:

Programming Manual Measuring
cycles / SINUMERIK 840D s|/828D

A menu tree with all of the available
measuring versions of the measuring
cycle function "Measure tool" can be
found in the following reference:

Programming Manual Measuring
cycles / SINUMERIK 840D s|/828D
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7.15 Calling technology functions

7.15.1 Additional functions in the input screens

Selection of units

@ [f, for example, the unit can be switched in a field, this is highlighted as soon as the
cursor is positioned on the element. In this way, the operator recognizes the
dependency.

The selection symbol is also displayed in the tooltip.

Display of abs or inc

The abbreviations "abs" and "inc" for absolute and incremental values are displayed behind
the entry fields when a switchover is possible for the field.

Help screens
2D and 3D graphics or sectional views are displayed for the parameterization of the cycles.

Online help

If you wish to obtain more detailed information about certain G code commands or cycle
parameters, then you can call a context-sensitive online help.
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7.15 Calling technology functions

7.15.2 Programming variables

In principle, variables or expressions can also be used in the input fields of the screen forms
instead of specific numeric values. In this way, programs can be created very flexibly.

Input of variables
Please note the following points when using variables:

® Values of variables and expressions are not checked since the values are not known at
the time of programming.

® Variables and expressions cannot be used in fields in which a text is expected (e.g. tool
name).

An exception is the "Engraving" function , in which you can assign the desired text in the
text field via a variable as "Variable text".

® Selection fields generally cannot be programmed with variables.

Examples
VAR_A
VAR_A+2*VAR_B
SIN(VAR_C)

7.15.3 Checking input parameters

When generating the program, the parameters that are entered are already checked in order
to avoid making incorrect entries.

If a parameter is assigned an illegal value, this is indicated in the input screen and is
designated as follows:

® The entry field has a colored background (background color, pink).
® A note is displayed in the comment line.

e |f the parameter input field is selected using the cursor, the note is also displayed as
tooltip.

The programming can only be completed after the incorrect value has been corrected.

Incorrect parameter values are also monitored with alarms during the cycle runtime.
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7. 15 Calling technology functions

7154 Setting data for technological functions

Technological functions can be influenced and corrected using machine or setting data.

For additional information, please refer to the following documentation:
Commissioning Manual SINUMERIK Operate / SINUMERIK 840D sl

7.15.5 Changing a cycle call

You have called the desired cycle via softkey in the program editor, entered the parameters
and confirmed with "Accept".

>

INSERT

INSERT

Procedure
>
ki
ki
s
INPUT
Milling

Select the desired cycle call and press the <Cursor right> key.
The associated input screen of the selected cycle call is opened.

-OR -
Press the <SHIFT + INSERT> key combination.

This starts the edit mode for this cycle call and you can edit it like a
normal NC block. This means that it is possible to generate an empty
block before the cycle is called. For instance, to insert something before
a cycle that is located at the beginning of the program.

Note: In edit mode, the cycle call can be changed in such a way that it
can no longer be recompiled in the parameter screen.

You exit the edit mode by pressing the <SHIFT + INSERT> key
combination.

-OR -
You are in the edit mode and press the <INPUT> key.
A new line is created after the cursor position.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 279



Creating a ShopMill program

7. 16 Measuring cycle support

7.15.6

7.16

References

280

Compatibility for cycle support

The cycle support is generally upwards compatible. This means that cycle calls in NC
programs can always be recompiled with a higher software version, changed and then run
again.

When transferring NC programs to a machine with a lower software version, it cannot be
guaranteed, however, that the program will be able to be changed by recompiling cycle calls.

Measuring cycle support

Measuring cycles are general subroutines designed to solve specific measurement tasks.
They can be adapted to specific problems via parameter settings.

Software option
E You require the "Measuring cycles" option to use "Measuring cycles".

You will find a more detailed description on how to use measuring cycles in:
Programming Manual Measuring cycles / SINUMERIK 840D sl/828D
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7.17 Example, standard machining

717 Example, standard machining

General

The following example is described in detail as ShopMill program. A G code program is
generated in the same way; however, some differences must be observed.

If you copy the G code program listed below, read it into the control and open it in the editor,
then you can track the individual program steps.

Machine manufacturer
%} Under all circumstances, observe the machine manufacturer’s instructions.

Tools
The following tools are saved in the tool manager:
Tool name Tool diameter Cutting materials Number of teeth
Face miller D80 mm HM Z=8
End mill D20 mm HM Z=3
End mill D10 mm HM Z=3
End mill D8 mm HM Z=3
Centering tool D10 mm HM -
(NC spotdrill)
Twist drill D10 mm HSS -
The correction (compensation) values for length and radius as well as the tip angle for drills
and number of teeth for milling tools should be entered into the tool list. If you are working
with ShopMill, in addition, enter the spindle direction of rotation and coolant.
Adapt the cutting data to the tools used and the specific application conditions.
Blank
Dimensions: 185 x 185 x 50
Material: Aluminum
Milling
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7171 Workpiece drawing

0

)
A\

|

\\
NN

10

/] Y /

1156

60

Startpunkt

T

717.2 Progr:

1. Program header

282

0 A b !
0] =5 25 =50 ™ 165
T 180 o
amming
1. Specify the blank.
Measurement unit mm
Work offset G54
Blank Cuboid
X0 -2.5abs
YO0 -2.5abs
X1 182.5abs
Y1 182.5abs
ZA 1abs
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2. Rectangular spigots, face milling

Milling

Accept

ey Mill

Face
milling

Accept

7.17 Example, standard machining

V4| -50abs

PL G17 (XY) Plane selection, if MD 52005 =
0

RP 100

SC 1

Machining direction Climbing

Retraction position pattern  Optimized
Press the "Accept" softkey.

The work plan is displayed. Program header and end of program are
created as program blocks.

The end of program is automatically defined.

Press the "Milling" and "Face milling" softkeys.

Enter the following technology parameters:
T Facing tool_80mm D1 F 0.10 mm/tooth V 750 m/min
Enter the following parameters:

Machining Roughing (V)
Direction

Eh
X0 -2.5abs
YO0 -2.5abs
Z0 1abs
X1 185abs
Y1 185abs
Z1 Oabs
DXY 80%
Dz 2.0
uz 0

Press the "Accept" softkey.
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7.17 Example, standard machining

3. Outside contour of the workpiece

284

ey Mill

Multi- edge
spigot

Rectang.
spigot

Accept

Press the "Milling", "Multi-edge spigot" and "Rectangular spigot"
softkeys.

Enter the following technology parameters:

T End mill_20mm D1 F 0.140 mm/tooth 'V 240 m/min
Enter the following parameters:

Position of reference point =

Machining Roughing (V)

Type of position Single position

X0 Oabs

YO Oabs

20 Oabs

w1 185(fictitious blank dimension)
L1 185(fictitious blank dimension)
w 180abs

L 180abs

R 10abs

a0 Odegrees

Z1 20inc

Dz 5

uUxy 0

uz 0

Press the "Accept" softkey.

Milling
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4. Outside contour islands

7.17 Example, standard machining

To simply machine the entire surface outside the island, define a contour pocket around the
blank and then program the island. In this way, the entire surface area is machined and no
residual material is left behind.

Outside contour of the pocket

Gont.
mill.

Gontour

New
contour

Accept

Accept

Accept

—o—

‘o

—o

Close
contour

v

Accept

Milling

6.1.

6.2.

6.3.

6.4.

Press the "Contour milling", "Contour" and "New contour" softkeys.
The "New Contour" input window opens.

Enter the contour name (in this case: Part_4_POCKET).

The contour calculated as NC code is written as an internal subprogram
between a start and an end marker containing the entered name.

Press the "Accept" softkey.
The "Starting Point" input window opens.

Enter the starting point of the contour.

X -10abs Y -abs
10

Press the "Accept" softkey.

Enter the following contour elements and acknowledge using the
"Accept" softkey.

X 190abs
Y 190abs
X -10abs

Press the ">>" and "Close contour" softkeys, to close the contour.

Press the "Accept" softkey.
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7.17 Example, standard machining

Outside contour of the island

Cont.
mill.

GContour

New
contour

Accept

Accept

Accept

—o—)

‘o

286

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

Press the "Contour milling", "Contour" and "New contour" softkeys.
The "New Contour" input window opens.

Enter the contour name (in this case: Part_4_ISLAND).

The contour calculated as NC code is written as an internal subprogram
between a start and an end marker containing the entered name.

Press the "Accept" softkey.
The "Starting Point" input window opens.

Enter the starting point of the contour.
X 90abs Y 25abs
Press the "Accept" softkey.

Enter the following contour elements and acknowledge using the
"Accept" softkey.

X 25abs FS 15

Y 115abs R 20

X 15abs Y 135abs
Y 155abs R 10

X 60abs R 15

Y 135abs R 20
Direction of rotation Y

R 25 X 110abs

Milling
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+ 9.1
3
Tangent.
trans.
9.2
——
X A 9.3
Va
Va
+ 9.5
b4
R 9.6
¢ N
10.
Close
contour
Ve 11.
Accept

Y 155abs
R 0
X 165abs
X 155abs
FS 0
X 140abs

7.17 Example, standard machining

Y 95abs a1290 degreesR 0

al 240 DegreR 28
es

Y 25 abs a1225 degreesR 0

Press the ">>" and "Close contour" softkeys, to close the contour.

Press the "Accept" softkey.

Contour milling/solid machining

cot. 1-
mill.
Pocket

2.

3.

Milling

Press the "Contour milling" and "Pocket" softkeys.

Enter the following technology parameters:

T End_mill_20mm

F 0.1 mm/tooth 'V 240 m/min

Enter the following parameters:

Machining V

Z0 Oabs
Z1 10inc
DXY 40%

Dz 3.5

Uxy Omm
uz 0
Starting point Auto
Insertion Helical
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EP 1.0
ER 2.0
Lift mode Select, e.g. to the retraction plane
Ve 4, Press the "Accept" softkey.
__Accept
Note

e When selecting the milling tool, please make sure that the tool diameter is large enough
to cut the intended pocket. A message will be displayed if you make a mistake.

¢ If you want to finish cut the pocket, you must assign parameters UXY and UZ accordingly
and add a second solid machining cycle for finishing.

5. Milling a rectangular pocket (large)

) 1. Press the "Milling", "Pocket" and "Rectangular pocket" softkeys.
& Ml The "Rectangular Pocket" input window opens.

Pocket

Rectang.

pocket

2. Enter the following technology parameters:
T End mill_10mm D1 F 0.04 mm/tooth V 260 m/min
3. Enter the following parameters:

Reference point =
Machining Roughing (V)
Machining position Single position
X0 90abs
YO 60abs
Z0 Oabs
w 40
L 70
R 10
a0l 15degrees
21 4inc
DXY 40%
Dz 4
UXxYy 0

Milling
288 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Creating a ShopMill program
7.17 Example, standard machining

uz 0

Insertion Helical

EP 1

ER 2

Solid machining Complete machining
v 4. Press the "Accept" softkey.

Accept

6. Milling a rectangular pocket (small)

] 1. Press the "Milling", "Pocket" and "Rectangular pocket" softkeys.
& Ml The "Rectangular Pocket" input window opens.

Pocket

Rectang.

pocket

2. Enter the following technology parameters:
T End mill_10mm D1 F 0.04 mm/tooth V 260 m/min
3. Enter the following parameters:
Reference point R )
Machining Roughing (V)
Machining position Single position
X0 90abs
YO 60abs
20 -4abs
w 20
L 35
R 5
a0 15degrees
Z1 2inc
DXY 40%
Dz 2
uxy 0
uz 0
Insertion Oscillation
EW Maximum insertion
angle
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7.17 Example, standard machining

Accept

7. Milling a circumferential slot

ey Mill

Groove
Circular
gromve

2.

3.

v 4
Accept

290

Solid machining Complete machining
Press the "Accept" softkey.

Press the "Milling", "Groove" and "Circ. groove" softkeys.
The "Circumferential Groove" input window opens.

Enter the following technology parameters:

T End_mill_8mm D1 F 0.018 mm/tooth FZ 0.010 mm/tooth
V 230 m/min

Enter the following parameters:

Machining Roughing (V)
Circular pattern Pitch circle

X0 85abs

YO 135abs

Z0 Oabs

N 1

R 40

a0 180degrees
al 180degrees
w 10

21 3inc

Dz 3

uUxy Omm

Press the "Accept" softkey.
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7.17 Example, standard machining

8. Drilling/centering

1. Press the "Drilling" and "Centering" softkeys.
h prill The "Centering" input window opens.
Centering
2. Enter the following technology parameters:
T D1 F 1000 mm/min S 12000 rev/min
Centering_tool_10m
m
3. Enter the following parameters:
Diameter/tip Diameter
4] 5
DT 06 s
v 4. Press the "Accept" softkey.
Accept
9. Drilling/reaming
) 1. Press the "Drilling", "Drilling reaming" and "Drilling" softkeys.
h Drill. The "Drilling" input window opens.
Drilling
Reaming
Drilling
2. Enter the following technology parameters:
T DRILL10 D1 F 500 mm/min S 1600 rev/min
3. Enter the following parameters:
Diameter/tip Tip
21 -25abs
Predrilling No
Through drilling No
DT 0
e 4. Press the "Accept" softkey.
_ Accept
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7.17 Example, standard machining

10. Positions

ey Drill.

Positions

A

Accept

11. Obstacle

e, Dril

Positions

Obstacle

Accept

Press the "Drilling", "Positions" and "Drilling Positions" softkeys.
The "Any Positions" input window opens.

Enter the following parameters:
Rectangular

Z0 -10abs
X0 15abs
YO0 15abs
X1 165abs
Y1 15abs

Press the "Accept" softkey.

Press the "Drilling", "Positions", and "Obstacle" softkeys.
The "obstacle" input window opens.

Enter the following parameters:
V4 2abs
Press the "Accept" softkey.

Note

If this obstacle cycle is not inserted, the drill will violate the right-hand corner of the island
contour. Alternately, you could increase the safety clearance.

292
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12. Positions

13. Milling the circular pocket

Milling

gy, Drill

Positions

o

Accept

ey il

Pocket

Gircular
pocket

7.17 Example, standard machining

Press the "Drilling", "Positions" and "Drilling Positions" softkeys.
The "Any Positions" input window opens.

Enter the following parameters:
Rectangular

Z0 -10abs
X2 165abs
Y2 165abs
X3 15abs
Y3 165abs

Press the "Accept" softkey.

Press the "Milling", "Pocket" and "Circular pocket" softkeys.
The "Circular Pocket" input window opens.

Enter the following technology parameters:
T End_mill_8mm D1 F 0.018 mm/tooth  V 230 m/min
Enter the following parameters:

Machining Roughing (V)
Machining type Plane-by-plane
Machining position Single position
X0 85abs

YO 135abs

Z0 -10abs
Diameter 30

Z1 12inc
DXY 40%

Dz 5
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7.17 Example, standard machining

UXxy Omm

uz 0

Insertion Helical

EP 1.0

ER 2.0

Solid machining Complete machining
Ve 4, Press the "Accept" softkey.

Accept

You also program the four countersinks @16 and 4 deep using a circular pocket and
repeating positions 2, 3 and 4.

717.3 Results/simulation test

: | .81 94
j r%o 16:38
51 s E 4R HC/MPF/UEBUNG_7 _HEU finsicht

200
Grafische

= Angicht
j ‘Heu
o
+
|
100 Prog. offnen
L}

®
:@)

0 IR A

SchlieBen
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= = =
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:ésa =

Figure 7-5 Programming graphics

P Program header Work offset 654 B
5 Face miling ¥ T=Planfraeser_88mm F8.1/t U=756m X8--2.5

Rectang. spigot v T=Schaftfraeser_28mm F8.14/t U=248m XB=B YB=B
/=1 Gontour TEIL_4_TASCHE

f\} Gontour TEIL_4_INSEL

43 Mill pocket v T=Schaftfraeser_28mm F0.1/t U=248m 28=8

£ Rectang.pocket ¥ T=Schaftfraeser_18mm F0.84/t U=268m X8-90

4 Rectang.pocket v T=Schaftfraeser_18mm F8.84/t U=268m Xp=98

5% Circumfer. slot ¥  T-Schaftfraeser_8mm F8.818/t U=238m XB8-85

%=+ Cenlering T=Zentrierer_18mm F1888/min 5=12686rev 25 =
%=1 Drilling T=Bohrer_18mm F588/min 5=1688rev 21=-25in¢

A1 882: Positions 28=-18 X8=15 YB-15 X1=165 Y1=15

.1 803: Obstacle 2=2

N 884: Positions 28=-18 XB=165 YB-165 X1=156 Y1=165

£ Circular pocket ¥ T=Schaftfraeser_8mm F8.018/t U=230m X8-85

7§ Circular pocket v T=Schaftfraeser_8mm F8.818/t U=238m 21=dinc 216
=41 Repeat position B882: Positionen

=41 Repeat position 803: Hindernis

=1 - Repeat positio B84: Positionen =
Y Q- P, = =
Figure 7-6 Machining schedule
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7.17 Example, standard machining

Program test by means of simulation

During simulation, the current program is calculated in its entirety and the result displayed in
graphic form.

Figure 7-7 3D view

Milling
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7174 G code machining program

G17 G54 G71

WORKPIECE(,,"","BOX",112,1,-20,-100,-2.5,-2.5,182.5,182.5)

RAKKAAAAAAAAAAAXTOOL CRANGER K * A A& A& A& A A A% % %

T="FACING TOOL" D1 M6

G95 FZ=0.1 S3000 M3 M8

CyCLE61 (50,1,1,0,-2.5,-2.5,185,185,2,80,0,0.1,31,0,1,10)

GO 7200 M9

§RRAA KA KA A XA A X AXTOOL CRANGES & & &K & A A A& A A A A% %

T="MILLER20" D1 M6

G95 FZ=0.14 S3900 M3 M8

CyCLE76 (50,0,1,,20,180,180,10,0,0,0,5,0,0,0.14,0.14,0,1,185,185,1,2,2100,1,101)
;CYCLE62 (,2,"MAL1", "MAO")
CYCLE62(,2,"E_LAB A PART 4 POCKET","E LAB E PART 4 POCKET")

CYCLE62(,2,"E LAB A PART 4 ISLAND","E LAB E PART 4 ISLAND")

CYCLE63 ("PART 4 GEN_O0O1",11,50,0,1,10,0.1,0.3,40,3.5,0,0,0,0,0,2,1,15,1,2,,,,0,101,111)
GO 7200 M9

;AR A A A XA XA HXTOOL CRANGES & & & & A& A& A A A A A A %

T="MILLER10" D1 M6

G95 FZ=0.04 S8500 M3 M8

POCKET3 (50,0,1,4,70,40,10,90,60,15,4,0,0,0.04,0.2,0,21, 40,8,3,15,2,1,0,1,2,11100,11,111)
POCKET3 (50,-4,1,2,35,20,6,90,60,15,2,0,0,0.04,0.2,0,31,40,8,3,15,10,2,0,1,2,11100,11,111)
GO 7200 M9

;R KKK AT Q0L CRANGE %K KK K K Kk Kk k k k k k

T="MILLER8" D1 M6

G95 FZ=0.018 s9000 M3 M8
sLoT2(50,0,1,,3,1,180,10,85,135, 40,180, 90,0.01,0.018,3,0,0,2001,0,0,0,,0,1,2,100,1001,101)
GO Z200 M9

SRAKKKKKKKK KKK XAXTOOL CHANGER X %X % %% %% %% %% %% %

T="CENTERING TOOL10" D1 M6

G94 F1000 s12000 M3 M8

MCALL CYCLES1(50,-10,1,5,,0,10,1,11)

POS 1: CYCLE802(111111111,111111111,15,15,165,15,165,165,15,165,,,,,,,,,,,0,0,1)
MCALL

GO 7200 M9

;R KRR AT OOL CRANGE® KRR K K K K Kk k k ok k k k

T="DRILL10" D1 M6

G%94 F500 S1600 M3 M8

MCALL CYCLES82(50,-10,1,-25,,0,0,1,12)

REPEATB POS_1 ;#SM

MCALL

GO 7200 M9

;****************Tool change****************

Milling
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T="MILLER8" D1 MO6

G95 Fz=0.018 S12000 M3 M8

POCKET4 (50,-10,1,12,30,85,135,5,0,0,0.018,0.01,0,21, 40,9,15,2,1,0,1,2,10100,111,111)
MCALL POCKET4 (50,-10,1,4,16,0,0,5,0,0,0.018,0.018,0,11,40,9,15,0,2,0,1,2,10100,111,111)
REPEATB POS 1 ; #SM

MCALL

GO Z200 M9

PEREEIKAKK KKK AKX AKTOOL Change* * &% %k *kk kkk k k%

;Contour chamfering

T="CENTERING TOOL10" D1 M6

G94 F500 S8000 M3 M8

CYCLE62(,2,"E_LAB A PART 4 ISLAND","E LAB E PART 4 ISLAND")
cycLg72("",100,0,1,20,2,0.5,0.5,500,100,305,41,1,0,0.2,1,0,0,0.3,2,101,1011,101)
POCKET3 (50,0,1,4,70,40,10,90,60,15,4,0,0,500,0.2,0,25, 40,8,3,15,2,1,0,0.3,2,11100,11,111)
POCKET3 (50,-4,1,2,35,20,6,90,60,15,2,0,0,500,0.2,0, 35, 40,8,3,15,10,2,0,0.3,2,11100,11,111)
sLor2(50,0,1,,3,1,180,10,85,135,40,180,90,0.01,500,3,0,0,2005,0,0,0,,0,0.3,2,100,1001,101)
POCKET4 (50,-10,1,12,30,85,135,5,0,0,500,0.01,0,15, 40,9,15,0,2,0,0.3,2,10100,111,111)
MCALL POCKET4 (50,-10,1,4,16,0,0,5,0,0,500,0.025,0,15,40,9,15,0,2,0,0.3,4,10100,111,111)
REPEATB POS_1 ;#SM

MCALL

GO Z200 M9

M30

KKK KKK A KKK KKK A KKK X CONE QUL R * % KK % %k & kK K %k A KKk

E LAB A PART 4 POCKET: ;#SM Z:5

;#7__D1gK contour definition begin - Don't change!;*GP*; *RO*; *HD*

G17 G90 DIAMOF; *GP*

GO X-10 Y-10 ;*GP*

Gl X190 ;*GP*

Y190 ;*GP*

X-10 ;*Gp*

Y-10 ;*GP*

;CON,0,0.0000,4,4,MST:0,0,AX:X,Y,I,J;*GP*;*RO*; *HD*

;S,EX:-10,EY:-10; *GP*; *RO*; *HD*

;LR,EX:190; *GP*; *RO*; *HD*

;LU,EY:190; *GP*; *RO*; *HD*

;LL,EX:-10; *GP*; *RO*; *HD*

;LA,EX:-10,EY:-10; *GP*; *RO*; *HD*

; #End contour definition end - Don't change!; *GP*; *RO*; *HD*

E LAB E PART 4 POCKET:

E_LAB A PART 4 ISLAND: ;#SM Z:2

;#7 D1gK contour definition begin - Don't change!;*GP*; *RO*; *HD*

Gl17 G90 DIAMOF; *GP*

GO X90 Y25 ;*GP*

Gl X25 CHR=15 ;*GP*
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Y115 RND=20 ;*GP*

X15 Y135 ;*GP*

Y155 RND=10 ;*GP*

X60 RND=15 ;*GP*

Y135 ;*GP*

G3 X110 I=AC(85) J=AC(135) ;*GP*

Gl Y155 RND=15 ;*GP*

X143.162 ;*GP*

X165 Y95 ;*GP*

X155 Y77.679 RND=28 ;*GP*

Y40 ;*GPp*

X140 Y25 ;*GP*

X90 ;*GP*
;CON,0,0.0000,14,14,MST:0,0,AX:X,Y,I,J;*GP*; *RO*; *HD*
7S,EX:90,EY:25; *GP*; *RO*; *HD*
;LL,EX:25; *GP*; *RO*; *HD*
;F,LFASE:15; *GP*; *RO*; *HD*
;LU,EY:115; *GP*; *RO*; *HD*

7R, RROUND:20; *GP*; *RO*; *HD*
;LA,EX:15,EY:135; *GP*; *RO*; *HD*
;LU,EY:155; *GP*; *RO*; *HD*

7R, RROUND:10; *GP*; *RO*; *HD*

; LR, EX:60; *GP*; *RO*; *HD*

7R, RROUND:15; *GP*; *RO*; *HD*
;LD,EY:135;*GP*; *RO*; *HD*
;ACCW,EX:110,RAD:25; *GP*; *RO*; *HD*
;LU,EY:155,AT:0; *GP*; *RO*; *HD*

7R, RROUND:15; *GP*; *RO*; *HD*

; LR; *GP*; *RO*; *HD*
;LA,EX:165,EY:95,ASE:290; *GP*; *RO*; *HD*
;LA,EX:155,ASE:240; *GP*; *RO*; *HD*

7R, RROUND: 28; *GP*; *RO*; *HD*

; LD; *GP*; *RO*; *HD*
;LA,EX:140,EY:25,ASE:225; *GP*; *RO*; *HD*
;LA,EX:90,EY:25; *GP*; *RO*; *HD*

;#End contour definition end - Don't change!;*GP*; *RO*; *HD*

E LAB E PART 4 ISLAND:

208
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8.1

8.1.1

Drilling

General

General geometry parameters

Milling

® Retraction plane RP and reference point Z0

Normally, reference point Z0 and retraction plane RP have different values. The cycle
assumes that the retraction plane is in front of the reference point.

Note

If the values for reference point and retraction planes are identical, a relative depth
specification is not permitted. Error message "Reference plane defined incorrectly” is
output and the cycle is not executed.

This error message is also output if the retraction plane is located after the reference
point, i.e. its distance to the final drilling depth is smaller.

e Safety clearance SC

Acts in relation to the reference point. The direction in which the safety clearance is active
is automatically determined by the cycle.

® Drilling depth

Depending on the selection of the drill shank or drill tip or the centering diameter, the
programmed drilling depth refers to the following for cycles with a selection field:

Tip (drilling depth in relation to the tip)

The drill is inserted into the workpiece until the drill tip reaches the value programmed
for Z1.

Shank (drilling depth in relation to the shank)

The drill is inserted into the workpiece until the drill shank reaches the value
programmed for Z1. The angle entered in the tool list is taken into account.

Diameter (centering in relation to the diameter, only for CYCLE81)

The diameter of the centering hole is programmed at Z1. In this case, the tip angle of
the tool must be specified in the tool list. The drill is inserted into the workpiece until
the specified diameter is reached.
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8.1 Drilling

Drilling positions
The cycle assumes the tested hole coordinates of the plane.

The hole centers should therefore be programmed before or after the cycle call as follows
(see also Section, Cycles on single position or position pattern (MCALL)):

® A single position should be programmed before the cycle call
® Position patterns (MCALL) should be programmed after the cycle call
— as drilling pattern cycle (line, circle, etc.) or

— as a sequence of positioning blocks for the hole centers

8.1.2 Centering (CYCLES1)
8.1.21 Function
Function

With the "Centering" function, the tool drills with the programmed spindle speed and feedrate
either:

® Down to the programmed final drilling depth or
® So deep until the programmed diameter of the centering is reached

The tool is retracted after a programmed dwell time has elapsed.

Approach/retraction
1. The tool moves with GO to safety clearance of the reference point.

2. Inserted into the workpiece with G1 and the programmed feedrate F until the depth or the
centering diameter is reached.

3. On expiry of a dwell time DT, the tool is retracted at rapid traverse GO to the retraction

plane.
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Drilling" softkey.
e, Dril
3. Press the "Center" softkey.
Centering " s .
The "Centering" input window opens.
Milling
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Programming technological functions (cycles)
8.1 Drilling

Parameters, G code program Parameters, ShopMill program
PL O | Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm Flio Feedrate mm/min
mm/rev
S/V Spindle speed or constant rpm
0 cutting rate m/min
Parameter Description Unit
Machining e Single position
position 3 (only
for G code) Drill hole at programmed position
e Position pattern
Position with MCALL
Z0 (only for G Reference point Z mm
code)
Centering e Diameter (centered with reference to the diameter)
o The angle for the center drill entered in the tool list is applied.
o Tip (centered with reference to the depth)
The drill is inserted into the workpiece until the programmed insertion depth is
reached.
] It is inserted into the workpiece until the diameter is correct. - (for diameter centering mm
only)
Z1 Drilling depth (abs) or drilling depth in relation to Z0 (inc) mm
(§) It is inserted into the workpiece until it reaches Z1. - (for tip centering only)
DT e Duwell time (at final drilling depth) in seconds s
o e Dwell time (at final drilling depth) in revolutions rev
Predrilling e Yes
O e No
ZA Predrilling depth (abs) or predrilling depth referred to the reference point (inc) - ("yes", | mm
Q only for predrilling)
FA Predrilling feedrate - ("yes", only for predrilling) %
QO F7min
F/U
Milling
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Programming technological functions (cycles)

8.1 Drilling

8.1.3 Drilling (CYCLES82)
8.1.3.1 Function
Function
With the "Drilling" function, the tool drills with the programmed spindle speed and feedrate
down to the specified final drilling depth (shank or tip).
The tool is retracted after a programmed dwell time has elapsed.
Approach/retraction
1. The tool moves with GO to safety clearance of the reference point.
2. The tool is inserted into the workpiece with G1 and the programmed feedrate F until it
reaches the programmed final depth Z1.
3. When a dwell time DT expires, the tool is retracted at rapid traverse GO to the retraction
plane.
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Drilling" softkey.
iy, Drill
Drilling 3. Press the "Drilling Reaming" softkey.
Reaming
il 4. Press the "Drilling" softkey.
g The "Drilling" input window opens.
Parameter G code program Parameters, ShopMill program
PL @ |Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm FliQ Feedrate mm/min
mm/rev
S/V Spindle speed or constant rpm
0 cutting rate m/min
Milling
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8.1 Drilling

Parameter Description Unit
Machining ¢ Single position

position i (only

for G code) Drill hole at programmed position

e Position pattern

Position with MCALL

Z0 (only for G Reference point Z mm
code)

Drilling depth e Shank (drilling depth in relation to the shank)

o

The drill is inserted into the workpiece until the drill shank reaches the value
programmed for Z1. The angle entered in the tool list is taken into account.

e Tip (drilling depth in relation to the tip)

The drill is inserted into the workpiece until the drill tip reaches the value
programmed for Z1.

Z1 Drilling depth (abs) or drilling depth in relation to Z0 (inc) mm

§) It is inserted into the workpiece until it reaches Z1.

DT e Duwell time (at final drilling depth) in seconds s

o e Dwell time (at final drilling depth) in revolutions rev
Predrilling e Yes

e No

ZA Predrilling depth (abs) or drilling depth relative to the reference point (inc) - ("yes", only | mm

13) for predrilling)

FA Reduced feedrate - ("yes", only for predrilling) mm/min

QO %
Through drilling e Yes

o e No

ZD Remaining drilling depth referred to the drilling depth (inc) or remaining drilling depth

0 (abs) - ("yes", only for through drilling)

FD Reduced feedrate - ("yes", only for through drilling) mm/min
QO %
Milling
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8.1 Drilling

8.1.4 Reaming (CYCLEB85)
8.1.4.1 Function
Function
With the "Reaming" cycle, the tool is inserted in the workpiece with the programmed spindle
speed and the feedrate programmed at F.
If Z1 has been reached and the dwell time expired, the reamer is retracted at the
programmed retraction feedrate to the retraction plane.
Approach/retraction
1. The tool moves with GO to safety clearance of the reference point.
2. The tool is inserted into the workpiece with the programmed feedrate F until it reaches
the final depth Z1.
3. Dwell time DT at final drilling depth.
4. Retraction to retraction plane with programmed retraction feedrate FR.
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Drilling" softkey.
e, Dril
Drilling 3. Press the "Drilling Reaming" softkey.
Reaming
4, Press the "Reaming" softkey
Reaming " R .
The "Reaming" input window opens.
Parameters, G code program Parameters, ShopMill program
PL @ |Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm FliQ Feedrate mm/min
mm/rev
F Feedrate * S/V Spindle speed or constant rpm
0 cutting rate m/min
Milling
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Programming technological functions (cycles)
8.1 Drilling

Parameter Description Unit
Machining ¢ Single position

position i (only

for G code) Drill hole at programmed position

e Position pattern

Position with MCALL

Z0 (only for G Reference point Z mm
code)

FR (only for G Feedrate during retraction *

code)

FR (only for Feedrate during retraction mm/min
ShopMill) mm/rev
Z1 Drilling depth (abs) or drilling depth in relation to Z0 (inc) mm

QO It is inserted into the workpiece until it reaches Z1. - (for tip centering only)

DT e Dwell time (at final drilling depth) in seconds S

o o Dwell time (at final drilling depth) in revolutions rev

* Unit of feedrate as programmed before the cycle call

8.1.5 Deep-hole drilling (CYCLES83)
8.1.5.1 Function
Function

With the "Deep-hole drilling" cycle, the tool is inserted in the workpiece with the programmed
spindle speed and feedrate in several infeed steps until the depth Z1 is reached. The
following can be specified:

® Number of infeed steps constant or decreasing (via programmable degression factor)
® Chip breaking without lifting or swarth removal with tool retraction

® Feedrate factor for 1st infeed to reduce the feedrate or increase the feedrate (e.qg. if a
hole has already be predrilled)

® Dwell times

® Depth in relation to drill shank of drill tip
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Programming technological functions (cycles)

8.1 Drilling

Approach/retraction during chipbreaking

1.
2.

The tool moves with GO to safety clearance of the reference point.

The tool drills with the programmed spindle speed and feedrate F = F - FD1 [%] up to the
1st infeed depth.

3. Dwell time at drilling depth DTB.

The tool is retracted by retraction distance V2 for chipbreaking and drills up to the next
infeed depth with programmed feedrate F.

Step 4 is repeated until the final drilling depth Z1 is reached.

6. Dwell time at final drilling depth DT.

7. The tool retracts to the retraction plane at rapid traverse.

Approach/retraction during stock removal

1.
2.

The tool moves with GO to safety clearance of the reference point.

The tool drills with the programmed spindle speed and feedrate F = F - FD1 [%] up to the
1st infeed depth.

3. Dwell time at drilling depth DTB.

&

© ® N o O

Procedure

The tool retracts from the workpiece for the stock removal with rapid traverse to the safety
clearance.

Dwell time at starting point DTS.

Approach of the last drilling depth with GO, reduced by the clearance distance V3.
Drilling is then continued to the next drilling depth.

Steps 4 to 7 are repeated until the programmed final drilling depth Z1 is reached.

The tool retracts to the retraction plane at rapid traverse.

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

h il 2. Press the "Drilling" softkey.
Fiil.

Deep hole 3. Press the "Deep-hole drilling" softkey.

306

drilling The "Deep-hole Drilling" input window opens.
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Programming technological functions (cycles)

8.1 Drilling

Parameters, G code program Parameters, ShopMill program
PL O | Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm Flio Feedrate mm/min
mm/rev
S/V Spindle speed or constant cutting | rpm
%) rate m/min
Parameter Description Unit
Machining ¢ Single position
position
© (only for G Drill hole at programmed position.
code) e Position pattern
Position with MCALL
Z0 (only for G Reference point Z mm
code)
Machining e Stock removal
- The drill is retracted from the workpiece for stock removal.
e Chipbreaking
The drill is retracted by the retraction distance V2 for chipbreaking.
Drilling depth e Shank (drilling depth in relation to the shank)
© The drill is inserted into the workpiece until the drill shank reaches the value
programmed for Z1. The angle entered in the tool list is taken into account.
e Tip (drilling depth in relation to the tip)
The drill is inserted into the workpiece until the drill tip reaches the value
programmed for Z1.
Z1 Drilling depth (abs) or drilling depth in relation to Z0 (inc) mm
Q It is inserted into the workpiece until it reaches Z1.
D - (only for G 1. Drilling depth (abs) or 1st drilling depth in relation to Z0 (inc) mm
code)d
D - (only for Maximum depth infeed mm
ShopMill)
FD1 Percentage for the feedrate for the first infeed %
DF Infeed:
Q e Amount for each additional infeed mm
e Percentage for each additional infeed %
DF = 100%: Infeed increment remains constant
DF < 100%: Infeed increment is reduced in direction of final drilling depth.
Example: Last infeed was 4 mm; DF is 80%
next infeed = 4 x 80% = 3.2 mm
next infeed = 3.2 x 80% = 2.56 mm etc.
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Programming technological functions (cycles)

8.1 Drilling

e Dwell time for stock removal in revolutions

Parameter Description Unit
V1 Minimum infeed - (only for DF in %) mm

Parameter V1 is only provided if DF<100 has been programmed.

If the infeed increment becomes very small, a minimum infeed can be programmed in

parameter "V1".

V1 < Infeed increment: The tool is inserted by the infeed increment

V1 > Infeed increment: The tool is inserted by the infeed value programmed under V1.
V2 Retraction distance after each machining step — (for chipbreaking only) mm

Distance by which the drill is retracted for chipbreaking.

V2 = 0: The tool is not retracted but is left in place for one revolution.
Clearance e Manual
distance

The clearance distance must be entered manually.
(for stock removal
only) e Automatic
The clearance distance is calculated by the cycle.

DTB - (only for G | e Dwell time at drilling depth in seconds s
code)Q ¢ Dwell time at drilling depth in revolutions rev
DT e Dwell time at final drilling depth in seconds S
O « Dwell time at final drilling depth in revolutions rev
DTS- (only for G |« Dwell time for stock removal in seconds S
code) i rev

308
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Programming technological functions (cycles)

8.1 Drilling

8.1.6 Boring (CYCLES6)

8.1.6.1 Function

Function
With the "Boring" cycle, the tool approaches the programmed position in rapid traverse,
allowing for the retraction plane and safety clearance. It is then inserted into the workpiece at
the feedrate programmed under F until it reaches the programmed depth (Z1). There is an
oriented spindle stop with the SPOS command. After the dwell time has elapsed, the tool is
retracted either with or without lift of the tool.
Note
If, for example, swiveling of mirroring has been performed with CYCLES800 before machining,
the SPOS command must be adapted so that the spindle position acts synchronously with
DX and DY.

Lift
For "lift off contour", the retraction distance D and the tool orientation angle a can either be
defined via machine data or in the parameter screen. If both parameters are pre-assigned
via machine data, they do not appear in the parameter screen.

Machine manufacturer

{}é} Please refer to the machine manufacturer's specifications.
Note
The "Boring" cycle can be used if the spindle to be used for the boring operation is
technically able to go into position-controlled spindle operation.

Approach/retraction
1. The tool moves with GO to safety clearance of the reference point.
2. Travel to the final drilling depth with G1 and the speed and feedrate programmed before

the cycle call.
3. Dwell time at final drilling depth.
4. Oriented spindle hold at the spindle position programmed under SPOS.
5. With the "Lift" selection, the cutting edge retracts from the hole edge with GO in up to
three axes.
Milling
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8.1 Drilling

Procedure

6. Retraction with GO to the safety clearance of the reference point.

7. Retraction to retraction plane with GO to drilling position in the two axes of the plane

(coordinates of the hole center point).

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

2. Press the "Drilling" softkey.

ey Drill.

3. Press the "Boring" softkey.
Boring

The "Boring" input window opens.

Parameters, G code program Parameters, ShopMill program

PL Q | Machining plane T Tool name

RP Retraction plane mm D Cutting edge number

SC Safety clearance mm FiO Feedrate mm/min

mm/rev
S/V Spindle speed or constant rpm
13) cutting rate m/min

Parameter Description Unit
Machining e Single position

position [ (only

for G code) Drill hole at programmed position

e Position pattern
Position with MCALL

Z0 (only for G Reference point Z mm
code)

DIR Direction of rotation

QO (only for G . q ’

code) . o

210 Drilling depth (abs) or drilling depth in relation to Z0 (inc) mm

DT e Dwell time at final drilling depth in seconds s

o « Dwell time at final drilling depth in revolutions rev
SPOS Spindle stop position Degrees

Milling
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8.1 Drilling

Parameter Description Unit
Lift mode Do not lift off contour
(8]

The cutting edge is not fully retracted, but traverses back to the retraction plane.
o Lift
The cutting edge retracts from the edge of the hole and then retracts to the safety

clearance from the reference point and then positions at the retraction plane and
hole center point.

DX (only G Code) | Retraction distance in the X direction (incremental) - (for lift only) mm
DY (only G code) | Retraction distance in the Y direction (incremental) - (for lift only) mm
DZ (only G code) | Retraction distance in the Z direction (incremental) - (for lift only) mm
D (only ShopMill) | Retraction distance (incremental) - (for lift only) mm
8.1.7 Tapping (CYCLES84, 840)
8.1.7.1 Function
Function
You can machine an internal thread with the "tapping" cycle.
The tool moves to the safety clearance with the active speed and rapid traverse. The spindle
stops, spindle and feedrate are synchronized. The tool is then inserted in the workpiece with
the programmed speed (dependent on %S).
You can choose between drilling in one cut, chipbreaking or retraction from the workpiece for
stock removal.
Depending on the selection in the "Compensating chuck mode" field, alternatively the
following cycle calls are generated:
e With compensating chuck: CYCLE840
e Without compensating chuck: CYCLES84
When tapping with compensating chuck, the thread is produced in one cut. CYCLE84
enables tapping to be performed in several cuts, when the spindle is equipped with a
measuring system.
Milling
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8.1 Drilling

Approach/retraction - CYCLE840 - with compensating chuck

1.

N o g s~ oo

Approach/retraction

The tool moves with GO to safety clearance of the reference point.

The tool drills with G1 and the programmed spindle speed and direction of rotation to
depth Z1. The feedrate F is calculated internally in the cycle from the speed and pitch.

The direction of rotation is reversed.

Dwell time at final drilling depth.

Retraction to safety clearance with G1.
Reversal of direction of rotation or spindle stop.

Retraction to retraction plane with GO.

- CYCLES84 - without compensating chuck

One cut:

© N o ok~ w DN~

Approach/retraction
1.

Travel with GO to the safety clearance of the reference point.

Spindle is synchronized and started with the programmed speed (dependent on %S).
Tapping with spindle-feedrate synchronization to Z1.

Spindle stop and dwell time at drilling depth.

Spindle reverse after dwell time has elapsed.

Retraction with active spindle retraction speed (dependent on %S) to safety clearance
Spindle stop.

Retraction to retraction plane with GO.

during stock removal

The tool drills at the programmed spindle speed S (dependent on %S) as far as the first
infeed depth (maximum infeed depth D).

2. Spindle stop and dwell time DT.

w

N o g M

312

The tool retracts from the workpiece for the stock removal with spindle speed SR to the
safety clearance.

Spindle stop and dwell time DT.
The tool then drills with spindle speed S as far as the next infeed depth.
Steps 2 to 5 are repeated until the programmed final drilling depth Z1 is reached.

On expiry of dwell time DT, the tool is retracted with spindle speed SR to the safety
clearance. The spindle stops and retracts to the retraction plane.
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8.1 Drilling

Approach/retraction during chipbreaking

1. The tool drills at the programmed spindle speed S (dependent on %S) as far as the first
infeed depth (maximum infeed depth D).

S

Spindle stop and dwell time DT.

The tool retracts by the retraction distance V2 for chipbreaking.

The tool then drills to the next infeed depth at spindle speed S (dependent on %S).
Steps 2 to 4 are repeated until the programmed final drilling depth Z1 is reached.
On expiry of dwell time DT, the tool is retracted with spindle speed SR to the safety

clearance. The spindle stops and retracts to the retraction plane.

Procedure

ey, Drill

Thread

Tapping

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

The part program or ShopMill program to be processed has been
created and you are in the editor.

Press the "Drilling" softkey.

Press the "Thread" and "Tap" softkeys.
The "tapping" input window opens.

Parameters, G code program Parameters, ShopMill program
PL iJ | Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm S/V Spindle speed or constant rpm
0 cutting rate m/min
Milling
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8.1 Drilling

machining without
encoder)

(only for G code)
o

Pitch results from the input
e Active feedrate

Pitch results from the feedrate

Parameter Description Unit
Compensating e With compensating chuck
chuck mode e Without compensating chuck
O
Machining e Single position
position O (only
for G code) Drill hole at programmed position
e Position pattern

Position with MCALL
Z0 (only for G Reference point Z mm
code)
Z110 End point of the thread (abs) or thread length (inc) mm

It is inserted into the workpiece until it reaches Z1.

Machining - (with | You can select the following technologies for tapping:
compensating e With encoder
chuck)
(only for G code) Tapping with spindle encoder
(8] e Without encoder

Tapping without spindle encoder; selection:

- Define "Pitch" parameter
SR (only for Spindle speed for retraction - (only for S) rev/imin
ShopMill)
VR (only for Constant cutting rate for retraction (only for V) m/min
ShopMill)
Pitch - (only e Userinput

Thread

o
(only for G code)

Direction of rotation of the thread
¢ Right-hand thread

e Left-hand thread
(only in mode "without compensating chuck")

Table Thread table selection:
9] e Without
e |SO metric
e Whitworth BSW
e Whitworth BSP
e UNC
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8.1 Drilling

Parameter Description Unit
Selection Selection of table value: e.g.
0 e MS3; M10; etc. (ISO metric)
o W3/4"; etc. (Whitworth BSW)
o G3/4"; etc. (Whitworth BSP)
e 1"-8 UNC; etc. (UNC)
P Pitch ...
O - (selection e in MODULUS: MODULUS = Pitch/m MODULUS
?apt::glglr:gtifgr: e in turns per inch: Used with pipe threads, for example. Turns/"
"without") When entered per inch, enter the integer number in front of the decimal point in the
first parameter field and the figures after the decimal point as a fraction in the
second and third field. .mm/rev
e in mm/rev infrev
e ininch/rev
The pitch is determined by the tool used.
aS Starting angle offset - (for rigid tapping only) Degrees
(only for G code)
S Spindle speed - (for rigid tapping only) rev/min
(only for G code)
Machining The following machining operations can be selected:
o e 1cut
ch(i)tthfor G code The thread is drilled in one cut without stopping
compensating ¢ Chipbreaking
chuck?) The drill is retracted by the retraction amount V2 for chipbreaking.
e Stock removal
The drill is retracted from the workpiece for stock removal.
D Maximum depth infeed - (only when used without compensating chuck, stock removal | mm
or chipbreaking)
Retraction Retraction distance - (for chipbreaking only)
o e Manual
Retraction distance after each machining step (V2)
e Automatic
Without retraction distance after each machining step
V2 Retraction distance after each machining step — (only without compensating chuck, mm
chipbreaking and manual retraction)
Distance by which the drill is retracted for chipbreaking.
V2 = automatic: The tool is retracted by one revolution.
DT (only for G Dwell time at final drilling depth in seconds s
code)
SR (only for G Spindle speed for retraction - (only for when a compensating chuck is not used) rev/min
code)
Milling
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8.1 Drilling

Parameter

Description

Unit

SDE [ (only for
G code)

Direction of rotation after end of cycle:

&
@

g

TechnologylQ

Yes

— Exact stop
— Precontrol

— Acceleration
— Spindle

No

Exact stop (only
for technology,
yes) O

Behavior the same as it was before the cycle was called
G601: Block advance for exact stop fine

G602: Block advance for exact stop coarse

G603: Block advance if the setpoint has been reached

Precontrol (only
for technology,
yes) O

Behavior the same as it was before the cycle was called
FFWON: with precontrol
FFWOF: without precontrol

Acceleration (only
for technology,
yes) O

Behavior the same as it was before the cycle was called
SOFT: Jerk-limited (soft) acceleration of the axes
BRISK: Abrupt acceleration of the axes

DRIVE: Reduced axis acceleration

Spindle (only for
technology, yes)
8]

Speed controlled: Spindle for MCAL; speed controlled operation

Position controlled: Spindle for MCALL; position controlled operation

316
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Programming technological functions (cycles)
8.1 Drilling

8.1.8 Drill and thread milling (CYCLE78)
8.1.8.1 Function
Function

You can use a drill and thread milling cutter to manufacture an internal thread with a specific
depth and pitch in one operation. This means that you can use the same tool for drilling and
thread milling, a change of tool is superfluous.

The thread can be machined as a right- or left-hand thread.

Approach/retraction
1. The tool traverses with rapid traverse to the safety clearance.

2. If pre-drilling is required, the tool traverses at a reduced drilling feedrate to the predrilling
depth defined in a setting data (ShopMill/ShopTurn). When programming in G code, the
predrilling depth can be programmed using an input parameter.

Machine manufacturer
{é} Please also refer to the machine manufacturer's instructions.

1. The tool bores at drilling feedrate F1 to the first drilling depth D. If the final drilling depth
Z1 is not reached, the tool will travel back to the workpiece surface in rapid traverse for
stock removal. Then the tool will traverse with rapid traverse to a position 1 mm above the
drilling depth previously achieved - allowing it to continue drilling at drill feedrate F1 at the
next infeed. Parameter "DF" is taken into account from the 2nd infeed and higher (refer to
the table "Parameters").

2. If another feedrate FR is required for through-boring, the residual drilling depth ZR is
drilled with this feedrate.

3. If required, the tool traverses back to the workpiece surface for stock removal before
thread milling with rapid traverse.

4. The tool traverses to the starting position for thread milling.

5. The thread milling is carried out (climbing, conventional or conventional + climbing) with
milling feedrate F2. The thread milling acceleration path and deceleration path is
traversed in a semicircle with concurrent infeed in the tool axis.
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Programming technological functions (cycles)

8.1 Drilling

Procedure

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

h il 2. Press the "Drilling" softkey.
Tl

3. Press the "Thread" and "Drill and thread mill" softkeys.
The "Drilling and thread milling" input window opens.

Thread

Orl+thrd
milling

Parameters, G code program Parameters, ShopMill program
PL Q | Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm FiO Feedrate mm/min
mm/rev
S/V Spindle speed or constant rpm
13) cutting rate m/min
Parameter Description Unit
Machining e Single position
position & (only
for G code) Drill hole at programmed position
e Position pattern
Position with MCALL
F1 Drilling feedrate mm/min
(only for G-code) mm/rev
o
Z0 (only for G Reference point Z mm
code)
210 Thread length (inc) or end point of the thread (abs) mm
D Maximum depth infeed mm
e D = Z1: Infeed to the final drilling depth
e D < Z1: Several infeeds with stock removal
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8.1 Drilling

Parameter Description Unit
DF e Percentage for each additional infeed %
- DF=100: Infeed increment remains constant
DF<100: Amount of infeed is reduced in direction of final drilling depth Z1
Example: last infeed 4 mm; DF 80% mm
next infeed = 4 x 80% = 3.2 mm
next but one infeed = 3.2 x 80% = 2.56 mm etc.
¢ Amount for each additional infeed
V1 Minimum infeed - (only for DF, percentage for each additional infeed) mm
Parameter V1 is only provided if DF<100 has been programmed.
If the infeed increment becomes very small, a minimum infeed can be programmed in
parameter "V1".
¢ V1 <Infeed increment: The tool is inserted by the infeed increment
e V1 >Infeed increment: The tool is inserted by the infeed value programmed under
V1.
Predrilling Predrilling with reduced feedrate
o e Yes
e No
The reduced drilling feedrate is obtained as follows:
Drilling feedrate F1 < 0.15 mm/rev: Predrilling feedrate = 30% of F1
Drilling feedrate F1 = 0.15 mm/U: Predrilling feedrate = 0.1 mm/rev
ZA Predrill to the depth with reduced drilling feedrate (inc) - ("yes", only for predrilling) mm
Through drilling Remaining drilling depth with drilling feedrate
o e Yes
e No
ZD Depth for feedrate reduction - ("yes", only for through drilling) mm
FD Feedrate for through drilling - ("yes", only for through drilling) mm/min
Q mm/rev
Swarf removal Swarf removal before thread milling
o e Yes
e No
Return to workpiece surface for swarf removal before thread milling.
Thread Direction of rotation of the thread
o e Right-hand thread
e Left-hand thread
F2 Feedrate for thread milling mm/min
Q mm/tooth
Milling

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1

319



Programming technological functions (cycles)

8.1 Drilling

Parameter Description Unit
Table Thread table selection:
o o without
e |SO metric
e Whitworth BSW
e Whitworth BSP
e UNC
Selection - (not Selection of table value: e.g.
for table .
M3; M10; etc. (I t
"Without") (@ . ; M10; etc. (ISO metric)
o W3/4"; etc. (Whitworth BSW)
e G3/4"; etc. (Whitworth BSP)
e N1"-8 UNC; etc. (UNC)
PO Pitch ...
- (selection « in MODULUS: MODULUS = Pitch/rr MODULUS
option only for "
table selection e in turns per inch: Used with pipe threads, for example. Turns/
"without") When entered per inch, enter the integer number in front of the decimal point in the
first parameter field and the figures after the decimal point as a fraction in the mm/rev
second and third field.
. in/rev
e in mm/rev
e ininch/rev
The pitch is determined by the tool used.
Z2 Retraction amount before thread milling mm
The thread depth in the direction of the tool axis is defined using Z2. Z2 is relative to
the tool tip.
) Nominal diameter mm
Milling direction |«  Climb milling: Mill thread in one cycle.
O e Up-cut operation milling: Mill thread in one cycle.
e Synchronous operation - Up-cut operation: Mill thread in two cycles: rough cutting is
performed by Up-cut operation milling with defined allowances, then finish cutting is
performed by climb milling with milling feedrate FS.
FS Finishing feedrate - (only for Synchronous operation - Up-cut operation milling) mm/min
(§) mm/tooth
Milling
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8.1.9

Function

8.1 Drilling

Positioning and position patterns

After you have programmed the technology (cycle call), you must program the positions.
Several position patterns are available:

® Arbitrary positions
® Position on a line, on a grid or frame
® Position on a full or pitch circle

Several position patterns can be programmed in succession. They are executed in the order
in which you program them.

Note

The number of positions that can be programmed in the one "Positions" step is limited to a
maximum of 400!

Programming a position pattern in ShopMill

Several position patterns can be programmed in succession (up to 20 technologies and
position patterns in total). They are executed in the order in which you program them.

The programmed technologies and subsequently programmed positions are automatically
linked by the control.

Displaying and hiding positions

Rotary axis

Milling

You can display or hide any positions(Chapter "Displaying and hiding positions".

If an A or B axis is set up on your machine, this is supported during drilling (any position
pattern, full circle, and pitch circle).

You set as to which rotary axis is listed as selection in position patterns.

Machine manufacturer
{a% Please refer to the machine manufacturer's specifications.

If the machine has an A or B axis, it makes sense to define a work offset with
X 1Y = end face of the cylinder (X for an A axis / Y for a B axis)

X 1Y = center point of the cylinder (Y for an A axis / X for a B axis)
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8.1 Drilling

Z = center point of the cylinder

The "cylinder" in this case refers to any part that is clamped in the A/B axis.

Cylinder surface transformation

When working with the cylinder surface transformation, please note that the A axis or B axis
is not supported in all cases. Programming of any position in the XYA plane is not possible
while cylinder surface transformation is active.

Note

A work offset in the rotary axis A or B is effective even while cylinder surface transformation
is active.

Approach/retraction

1. Within a position pattern, or while approaching the next position pattern, the tool is
retracted to the retraction plane and the new position or position pattern is then
approached at rapid traverse.

2. With technological follow-up operations (e.g. centering - drilling - tapping), the respective
drilling cycle must programmed after calling the next tool (e.g. drill) and immediately
afterwards the call of the position pattern to be machined.

Tool traverse path
e  ShopMill

The programmed positions are machined with the previously programmed tool (e.g.
center drill). Machining of the positions always starts at the reference point. In the case of
a grid, machining is performed first in the direction of the 1st axis and then meandering
back and forth. The frame and hole circle are machined counterclockwise.

® G codes

For G code, for lines/frames/grids, a start is always made at the next corner of the frame
or grid or the end of the row. The frame and hole circle are machined counterclockwise.

Milling
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8.1 Drilling

8.1.10 Arbitrary positions (CYCLES802)

Function

The "Arbitrary positions" cycle allows you to program positions freely, i.e. rectangular or
polar. Individual positions are approached in the order in which you program them. Press
softkey "Delete all" to delete all positions programmed in X/Y.

Rotary axis
XA plane
You program in XA to prevent the Y axis moving during machining.
To ensure that the holes point to the center of the "Cylinder", you must first position the Y
axis centrally above the "Cylinder".
Milling
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XYA plane

You program in XYA if the Y axis should also move during machining. A value can be

specified for each position. In addition to the possibilities of XA, the following is also possible,
for example.

Procedure

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

2. Press the "Drilling" softkey.

ey Drill.
3. Press the "Positions" softkey.
Positions . . .
The "Positions" input window opens.
Milling
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8.1 Drilling

Parameter Description Unit
LAB - (only for G | Repeat jump label for position
code)
PL - (only for G | Machining plane
code)
Axes Selection of the participating axes
O e XY (1st and 2nd axis of the plane)
e XA (1st rotary axis and assigned linear axis)
e XYA (1st rotary axis and both axes of the plane)
e YB (2nd rotary axis and assigned linear axis)
e XYB (2nd rotary axis and both axes of the plane)
Note:
Rotary axes are only displayed in the selection field if they have been released for use
in the position pattern.
Please observe the information provided by your machine manufacturer.
Selection iJ Coordinate system (only available for axis selection XY) mm
¢ Right-angled
o Polar
Z0 Z coordinate of the reference point (abs) mm
Axes: XY / coordinate system — polar
XP X coordinate of the reference point — pole (abs) mm
YP Y coordinate of the reference point — pole (abs) mm
LO Length (abs) — distance of the 1st Position from the pole mm
Co Angle (abs) — Angle of the 1st position referred to the reference axis Degrees
L1Q...L70 Lengths of additional positions (abs or inc) mm
Clo..C70 Angles of additional positions (abs or inc) Degrees
(only for ShopMill) | Axes: XY / coordinate system - right angled
X0 X coordinate of the 1st position (abs) mm
YO Y coordinate of the 1st position (abs) mm
X110 ..X810 X coordinate for further positions (abs. orinc.) mm
Y110...Y8 O Y coordinate for further positions (abs. orinc.) mm
(only for G code) | (only "right angled")
X0 X coordinate of the 1st position (abs) mm
YO0 Y coordinate of the 1st position (abs) mm
X110 ..X8 10 X coordinate of additional positions (abs or inc) mm
Y10..Y8 1 Y coordinate of additional positions (abs or inc) mm
Axes: XA
X0 X coordinate of the 1st position (abs) mm
AO A coordinate (angle) of the 1st position (abs) Degrees
X110 ... X8 [ X coordinates of additional positions (abs or inc) mm
A1IQD..A8 10 A coordinates (angle) of additional positions (abs or inc) mm
Milling
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8.1 Drilling

Parameter Description Unit
Axes: YB

YO0 Y coordinate of the 1st position (abs) mm

BO B coordinate (angle) of the 1st position (abs) Degrees

Y10..Y8 1O Y coordinates of additional positions (abs or inc) mm

B1Q..B8 IO B coordinates (angle) of additional positions (abs or inc) mm
Axes: XYA

X0 X coordinate of the 1st position (abs) mm

YO Y coordinate of the 1st position (abs) mm

A0 A coordinate (angle) of the 1st position (abs) Degrees

X10..X50 X coordinates of additional positions (abs or inc) mm

Y10..Y510 Y coordinates of additional positions (abs or inc) mm

ATQ..AS IO A coordinates (angle) of additional positions (abs or inc) Degrees
Axes: XYB

X0 X coordinate of the 1st position (abs) mm

YO0 Y coordinate of the 1st position (abs) mm

BO B coordinate (angle) of the 1st position (abs) Degrees

X1Q0..X50 X coordinates of additional positions (abs or inc) mm

Y10..Y50 Y coordinates of additional positions (abs or inc) mm

B1@Q..B510 B coordinates (angle) of additional positions (abs or inc) Degrees

Milling
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8.1 Drilling

8.1.11 Position pattern line (HOLES1), grid or frame (CYCLE801)
Function
You can program the following pattern using the "Position pattern" cycle:
® Line (HOLES1)
In the "Line" selection option you can program any number of positions at equal distances
along a line.
® Grid (CYCLES801)
You can use the "Grid" selection option to program any number of positions spaced at an
equal distance along one or several parallel lines.
If you want to program a rhombus-shaped grid, enter angle aX or aY.
® Frame (CYCLES801)
You can use the "Frame" selection option to program any number of positions spaced at
an equal distance on a frame. The spacing may be different on both axes.
If you want to program a rhombus-shaped frame, enter angle aX or aY.
Procedure
The part program or ShopMill program to be processed has been
created and you are in the editor.
Press the "Drilling" softkey.
ey, Drill
Press the "Positions" and "Line" softkeys.
Positions " . " .
The "Position pattern” input window opens.
-
Parameter Description Unit
LAB Repeat jump label for position
(only for G code)
PL IO Machining plane

(only for G code)

Position pattern

o
(only for G code)

e Line
e Grid
e Frame

Selection option for the following patterns:

Milling
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8.1 Drilling

Parameter Description Unit
Z0 (only for Z coordinate of reference point Z (abs) mm
ShopMill)
X0 X coordinate of the reference point X (abs) mm
This position must be programmed absolutely in the 1st call.
YO Y coordinate of the reference point Y (abs) mm
This position must be programmed absolutely in the 1st call.
a0 Angle of rotation of the line referred to the X axis Degrees
Positive angle: Line is rotated counter-clockwise.
Negative angle: Line is rotated clockwise.
Line
LO Distance of the 1st position to reference point mm
L Distance between the positions mm
N Number of positions
Grid or frame
aX Shear angle X Degrees
aY Shear angle Y Degrees
L1 Distance between columns mm
L2 Distance between rows mm
N1 Number of columns
N2 Number of rows
Milling
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8.1 Drilling

8.1.12 Circle position pattern (HOLES2)

Function

You can program holes on a full circle or pitch circle with defined radius with the "Circle
position pattern” cycle. The basic angle of rotation (a0) for the 1st position is relative to the X
axis. The control calculates the angle of the next hole position as a function of the total
number of holes. The angle it calculates is identical for all positions.

The tool can approach the next position along a linear or circular path.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Drilling" softkey.
ey, Drill
3. Press the "Positions" and "Circle" softkeys.
Positions " - . " .
The "Position circle" input window opens.
Parameter Description Unit
LAB Repeat jump label for position

(only for G code)

PLIO
(only for G code)

Machining plane

Axes O
(only for ShopMill)

Selection of the participating axes

o XY (1st and 2nd axis of the plane)

e XA (1st rotary axis and assigned linear axis)
e YB (2nd rotary axis and assigned linear axis)
Note:

Rotary axes are only displayed in the selection field if they have been released for use
in the position pattern.

Please observe the information provided by your machine manufacturer.

Circular pattern
o

Selection option for the following patterns:
¢ Pitch circle

e Full circle

Z0 (only for
ShopMill)

Z coordinate of the reference point mm

Milling
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8.1 Drilling

Parameter Description Unit
For G code and ShopMill — axes XY (right angled)
X0 X coordinate of the reference point X (abs) mm
YO Y coordinate of the reference point Y (abs) mm
a0 Starting angle for first position. Degrees
Positive angle: Full circle is rotated counter-clockwise.
Negative angle: Full circle is rotated in clockwise direction.
al Advance angle - (for pitch circle pattern only) Degrees
After the first hole has been drilled, all further positions are advanced by this angle.
Positive angle: Further positions are rotated counter-clockwise.
Negative angle: Further positions are rotated clockwise.
Radius
R Number of positions mm
N Positioning motion between the positions
Positioning e Straight line
- Next position is approached linearly in rapid traverse.
o Circle
Next position is approached along a circular path at the feedrate defined in the
machine data.
(only for ShopMill) | Axes: XA
X0 X coordinate of the reference point (abs) mm
AO Start angle of the A axis (abs) Degrees
A1 Advance angle of the A axis (inc) - (for pitch circle pattern only) Degrees
N Number of positions
(only for ShopMill) | Axes: YB
YO Y coordinate of the reference point (abs) mm
BO Start angle of the B axis (abs) Degrees
B1 Advance angle of the B axis (inc) - (for pitch circle pattern only) Degrees
N Number of positions
Milling
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8.1.13

Function

Display

Procedure

Milling

8.1 Drilling

Displaying and hiding positions

You can hide any positions in the following position patterns:
® Position pattern line

® Position pattern grid

® Position pattern frame

e Full circle position pattern

® Pitch circle position pattern

The hidden positions are skipped when machining.

The programmed positions of the position pattern are shown as follows in the programming
graphic:

X Position is activated = displayed (position is shown as a cross)
o] Position deactivated = hidden (position shown as a circle)

Selecting positions

You have the option of either displaying or hiding positions - by activating the checkbox in
the displayed position table either using the keyboard or mouse.

1. The part program or ShopMill program to be processed has been
created and you are in the editor.
h il 2. Press the "Drilling" and "Positions" softkeys.
.
Positions
L 3. Press the "Line/Grid/Frame" or "Full/Pitch Circle" softkeys.

£
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8.1 Drilling

Display or hide all positions at once

8.1.14

Function

332

Hide
position

Hide
all

Show
all

Repeating positions

Press the "Hide position" softkey.

The "Hide position" window opens on top of the input form of the
position pattern. The positions are displayed in a table.

The numbers of the positions, their angle(a) as well as a checkbox with
the state (activated = check mark set / deactivated = no check mark set)
are displayed.

The selected position in the graphic is highlighted in color.

Using the mouse, select the required position and deactivate or activate
the checkbox in order to hide the position or display it again.

In the diagram, skipped positions are shown in the form of a circle and
displayed (active) positions are shown in the form of a cross.

Note: You have the option of selecting individual positions using the
<Cursor up> or <Cursor down> keys — and hiding and displaying using
the <SELECT> key.

Press the "Hide all" softkey to hide all positions.

Press the "Show all" softkey to display all positions again.

If you want to approach positions that you have already programmed again, you can do this
quickly with the function "Repeat position".

You must specify the number of the position pattern. The cycle automatically assigns this
number (for ShopMill). You will find this position pattern number in the work plan (program
view) or G-code program after the block number.

Milling
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Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
Press the "Drilling", and "Repeat position" softkeys.
gy, Drill ) S .
The "Repeat positions" input window opens.
Position
repetit.
e 3. After you have entered the label or the position pattern number, e.g. 1,
Accept press the "Accept" softkey. The position pattern you have selected is
then approached again.
Parameter Description Unit
LAB (only for G Repeat jump label for position
code)
Position (only for | Enter the number of the position pattern
ShopMill)
Milling
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8.2 Milling
8.2 Milling
8.2.1 Face milling (CYCLEG61)
8.2.11 Function
Function
You can face mill any workpiece with the "Face milling" cycle.
A rectangular surface is always machined.
Workpieces with and without limits can be face-milled.
Approach/retraction
1. For vertical machining, the starting point is always at the top or bottom. For horizontal
machining, it is at the left or right.
The starting point is marked in the help display.
2. Machining is performed from the outside to the inside.
Machining type

The cycle makes a distinction between roughing and finishing:
® Roughing:
Milling the surface
Tool turns above the workpiece edge
® Finishing:
Milling the surface once
Tool turns at safety distance in the X/Y plane
Retraction of milling cutter
Depth infeed always takes place outside the workpiece.
For a workpiece with edge breaking, select the rectangular spigot cycle.

In face milling, the effective tool diameter for a tool of type "Milling cutter" is stored in a
machine data item.

Machine manufacturer
{é\} Please refer to the machine manufacturer's specifications.

Milling
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8.2 Milling

Selecting the machining direction

Toggle the machining direction in the "Direction” field until the symbol for the required
machining direction appears.

e Same direction of machining

® Alternating direction of machining

Selecting limits

Press the respective softkey for the required limit.

Left
]
p— Top
| O
Bottom
[]
Right

| O

The selected limits are shown in the help screen and in the broken-line graphics.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Milling" softkey.
ey il
Face 3. Press the "Face milling" softkey.
milling The "Face Milling" input window opens.
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm F Feedrate mm/min
mm/tooth
o
F Feedrate * S/V Spindle speed or constant rom
cutting rate m/min
o
Milling
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8.2 Milling
Parameter Description Unit
Machining The following machining operations can be selected:
O e V (roughing)
e VVV (finishing)
Direction Same direction of machining
3 c E
o It
Alternating direction of machining
e 5%
o fH
The positions refer to the reference point:
X0 Corner point 1 in X mm
YO Corner point 1inY mm
Z0 Height of blank mm
X110 Corner point 2X (abs) or corner point 2X in relation to X0 (inc) mm
Y110 Corner point 2Y (abs) or corner point 2Y in relation to YO (inc) mm
Z110 Height of blank (abs) or height of blank in relation to Z0 (inc) mm
DXY & Maximum plane infeed mm
Alternately, you can specify the plane infeed in %, as a ratio - plane infeed (mm) to the | %
milling cutter diameter (mm).
Dz Maximum depth infeed — (for roughing only) mm
uz Finishing allowance, depth mm
* Unit of feedrate as programmed before the cycle call
Note
The same finishing allowance must be entered for both roughing and finishing. The finishing
allowance is used to position the tool for retraction.
Milling
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8.2 Miflling
8.2.2 Rectangular pocket (POCKET3)
Function
You can mill any rectangular pocket with the "rectangular pocket milling" function.
The following machining variants are available:
® Mill rectangular pocket from solid material.
® Predrill rectangular pocket in the center first if, for example, the milling cutter does not cut
in the center (program the drilling, rectangular pocket and position program blocks in
succession).
® Machine pre-machined rectangular pocket (see "Solid machining" parameter):
— Complete machining
— Post machining
Depending on the dimensions of the rectangular pocket in the workpiece drawing, you can
select a corresponding reference point for the rectangular pocket.
Note
Predrilling
If the programmed input parameters, deviating from Pocket3, result in a longitudinal slot or a
longitudinal hole, then in the cycle, from Pocket3, the corresponding cycle to machine slots
(Slot1 or Longhole) is called. In cases such as these, the points of insertion (plunge points)
can deviate from the pocket center point.
Observe this special feature if you wish to predrill.
Approach/retraction
1. The tool approaches the center point of the rectangular pocket in rapid traverse at the
height of the retraction plane and adjusts to the safety clearance.
2. The tool is inserted into the material according to the chosen strategy.
3. The rectangular pocket is always machined with the chosen machining type from inside
out.
4. The tool moves back to the safety clearance at rapid traverse.
Milling
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Machining type

338

Roughing

During roughing, the individual planes of the rectangular pocket are machined one after
the other from the center point until depth Z1 is reached.

Finishing
During finishing, the edge is always machined first. The rectangular pocket edge is

approached on the quadrant that joins the corner radius. In the last infeed, the base is
finished from the center out.

Edge finishing

Edge finishing is performed in the same way as finishing, except that the last infeed
(finish base) is omitted.

Chamfering

Chamfering involves edge breaking at the upper edge of the rectangular pocket.

ZFS

Figure 8-1 Geometries when chamfering inside contours

Note

The following error messages can occur when chamfering inside contours:

o Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the
parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

¢ Immersion depth too large
This error message appears when chamfering would be possible through the
reduction of the immersion depth ZFS.

e Tool diameter too large
This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.

Milling
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8.2 Milling
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Milling" softkey.
ey, Mil
3. Press the "Pocket" and "Rectangular pocket" softkeys.
Pocket " " .
The "Rectangular pocket" input window opens.
Rectang.
pocket
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min
mm/tooth
o
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
o
F Feedrate *
Parameter Description Unit

Reference point The following different reference point positions can be selected:
O e [—%—] (center)

e [ (bottom left)

e [} (bottom right)

o P} (top left)

1 (top right)
The reference point (highlighted in blue) is displayed in the Help screen.

Machining The following machining operations can be selected:
3 e V (roughing)

e VVV (finishing)

e VVV edge (edge finishing)

e Chamfering

Milling
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8.2 Milling
Parameter Description Unit
Machining ¢ Single position
position
Mill rectangular pocket at the programmed position (X0, Y0, Z0).
a e Position pattern
Position with MCALL
The positions refer to the reference point:
X0 Reference point X — (single position only) mm
YO Reference point Y — (single position only) mm
Z0 Reference point Z — (only single position and G Code position pattern) mm
w Pocket width mm
L Pocket length mm
R Corner radius mm
a0 Angle of rotation Degrees
Z1 Depth referred to Z0 (inc) or pocket depth (abs) - (only for V, VVV or VVV edge) mm
9]
DXY e Maximum plane infeed mm
0,
O ¢ Maximum plane infeed as a percentage of the milling cutter diameter o
- (only for V and VVV)
Dz Maximum depth infeed — (only for V, VVV or VVV edge) mm
Uxy Plane finishing allowance — (only for V, VVV or VVV edge) mm
uz Depth finishing allowance — (only for V or VVV) mm
Insertion The following insertion modes can be selected — (only for V, VVV or VVV edge):
0 e Predrilled: (only for G code)
With GO, the pocket center point is approached at the retraction plane level, and
then, from this position, also with GO0, the axis travels to the reference point brought
forward by the safety clearance. The machining of the rectangular pocket is then
performed according to the selected insertion strategy, taking into account the
programmed blank dimensions.
e Perpendicular: Insert vertically at the center of pocket
The tool executes the calculated actual depth infeed at the pocket center in a single
block. This setting can be used only if the cutter can cut across center or if the
pocket has been predrilled.
¢ Helical: Insert along helical path
The cutter center point traverses along the helical path determined by the radius
and depth per revolution (helical path). If the depth for one infeed has been
reached, a full circle motion is executed to eliminate the inclined insertion path.
¢ Oscillating: Insert with oscillation along center axis of rectangular pocket
The cutter center point oscillates back and forth along a linear path until it reaches
the depth infeed. When the depth has been reached, the path is traversed again
without depth infeed in order to eliminate the inclined insertion path.
Fz Depth infeed rate — (for vertical insertion only) *

(only for G code)

340
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8.2 Milling
Parameter Description Unit
FZiQ Depth infeed rate — (for vertical insertion only) mm/min
(only for ShopMill) mm/tooth
EP Maximum pitch of helix — (for helical insertion only) mm/rev
ER Radius of helix — (for helical insertion only) mm
The radius cannot be any larger than the cutter radius; otherwise, material will remain.
EW Maximum insertion angle — (for insertion with oscillation only) Degrees
Solid machining | e Complete machining
(for roughing only)
The rectangular pocket is milled from the solid material.
o e Post machining
A rectangular pocket or hole has already been machined in the workpiece. This
needs to be enlarged in one or several axes. You must program parameters AZ,
W1 and L1 for this purpose.
AZ Depth of premachining — (for remachining only) mm
W1 Width of premachining — (for remachining only) mm
L1 Length of premachining — (for remachining only) mm
FS Chamfer width for chamfering - (for chamfering only) mm
ZFS IO Insertion depth of tool tip (abs or inc) — (for chamfer only) mm
* Unit of feedrate as programmed before the cycle call
8.2.3 Circular pocket (POCKET4)
Function
You can mill any circular pocket with the "Circular pocket" cycle.
The following machining methods are available:
® Mill circular pocket from solid material.
® Predrill circular pocket in the center first if, for example, the milling cutter does not cut in
the center (program the drilling, circular pocket and position program blocks in
succession).
® Machine pre-machined circular pocket (see "Solid machining" parameter).
— Complete machining
— Post machining
The following machining types are available for milling using the "Circular pocket" function:
® Plane-by-plane
® Helical
Milling
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8.2 Milling

Approach/retraction for plane-by-plane solid machining

In plane-by-plane machining of the circular pocket, the material is removed horizontally, one
layer at a time.

1. The tool approaches the center point of the pocket at rapid traverse at the height of the
retraction plane and adjusts to the safety clearance.

2. The tool is inserted into the material according to the chosen strategy.

3. The circular pocket is always machined from inside out using the selected machining
method.

4. The tool moves back to the safety clearance at rapid traverse.

Approach/retraction for helical solid machining
In helical reaming, the material is removed down to pocket depth in a helical movement.

1. The tool approaches the center point of the pocket at rapid traverse at the height of the
retraction plane and adjusts to the safety clearance.

2. Infeed to the first machining diameter.

3. The circular pocket is machined with the chosen machining type up to pocket depth or up
to pocket depth with finishing allowance.

4. The tool moves back to the safety clearance at rapid traverse.

5. Lateral infeed to the next machining diameter.

Machining type: Plane-by-plane
When milling circular pockets, you can select the following machining types:
® Roughing

During roughing, the individual planes of the circular pocket are machined one after the
other from center point until depth Z1 is reached.

® Finishing

During finishing, the edge is always machined first. The pocket edge is approached on
the quadrant that joins the pocket radius. In the last infeed, the base is finished from the
center out.

Milling
342 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1



Programming technological functions (cycles)

8.2 Milling

® Edge finishing

Edge finishing is performed in the same way as finishing, except that the last infeed
(finish base) is omitted.

e Chamfering

Chamfering involves edge breaking at the upper edge of the circular pocket.

ZFS

Figure 8-2  Geometries when chamfering inside contours

Note

The following error messages can occur when chamfering inside contours:

o Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the
parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

¢ Immersion depth too large
This error message appears when chamfering would be possible through the
reduction of the immersion depth ZFS.

e Tool diameter too large
This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.

Milling
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8.2 Milling

Machining type: Helical

Procedure

344

When milling circular pockets, you can select the following machining types:

® Roughing

During roughing, the circular pocket is machined downward with helical movements.
A full circle is effected down to pocket depth to remove the residual material.

The tool is retracted from the edge and base of the pocket in a quadrant and retracted
with rapid traverse to a safety clearance.

This process is repeated layer-by-layer, from inside out, until the circular pocket has been
completely machined.

Finishing

In finishing mode, the edge is machined first with a helical movement down to the bottom.
A full circle is effected down to pocket depth to remove the residual material.

The base is milled from outside in a spiral movement.

The tool is retracted from the center of the pocket to a safety clearance.

Edge finishing

In edge finishing, the edge is machined first with a helical movement down to the bottom.
A full circle is effected down to pocket depth to remove the residual material.

The tool is retracted from the edge and base of the pocket in a quadrant and retracted
with rapid traverse to a safety clearance.

1. The part program or ShopMill program to be processed has been
created and you are in the editor.
& il 2. Press the "Milling" softkey.

1

Packel 3. Press the "Pocket" and "Circular pocket" softkeys.
0c The "Circular Pocket" input window opens.

Gircular
pocket
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8.2 Milling
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
O
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min
mm/tooth
O
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
o
F Feedrate *
Parameter Description Unit
Machining eV (roughing, plane-by-plane or helical)
(8 e VVV (finishing, plane-by-plane or helical)

e VVV edge (edge finishing, plane-by-plane or helical)
e Chamfering

Machining type e Plane-by-plane

0 Machine circular pocket plane-by-plane
e Helical

Machine circular pocket using helical type

Machining « Single position
position
A circular pocket is machined at the programmed position (X0, YO, Z0).
Q e Position pattern
Several circular pockets are machined in a position pattern
(e.g. full circle, pitch circle, grid, etc.).
The reference points refer to the center point of the circular pocket:
X0 Reference point X — (for single position only) mm
YO0 Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
%] Diameter of pocket mm
Z1 Pocket depth (abs) or depth relative to Z0 (inc) — (only for V, VVV and VVV | mm
edge)
o
DXY e Maximum plane infeed In
0,
QO ¢ Maximum plane infeed as a percentage of the milling cutter diameter Yo
- (only for V and VVV)
Dz Maximum depth infeed - (only for V, VVV and VVV Rand) mm
Milling
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8.2 Milling
Parameter Description Unit
Uxy Plane finishing allowance - (only for V, VVV and VVV edge) mm
uz Depth finishing allowance — (only for V and VVV) mm
Insertion Various insertion modes can be selected — (only for plane-by-plane
o machining method and for V, VVV or VVV edge):
e Predrilled (only for G code)
¢ Perpendicular: Insert vertically at the center of pocket
The tool executes the calculated depth infeed vertically in the center of
the pocket.
Feedrate: Infeed rate as programmed under FZ
¢ Helical: Insert along helical path
The cutter center point traverses along the helical path determined by
the radius and depth per revolution. If the depth for one infeed has been
reached, a full circle motion is executed to eliminate the inclined
insertion path.
Feedrate: Machining feedrate
Note: The vertical insertion into pocket center method can be used only
if the tool can cut across center or if the workpiece has been predrilled.
FzZ Depth infeed rate — (only for insertion and vertical insertion) *
(only for G code)
FZ QO Depth infeed rate — (only for insertion and vertical insertion) mm/min
(only for ShopMill) mm/tooth
EP Maximum pitch of helix - (for helical insertion only) mm/rev
The helix pitch may be lower due to the geometrical situation.
ER Radius of helix - (only for helical insertion) mm
The radius must not be larger than the milling cutter radius, otherwise
material will remain. Also make sure the circular pocket is not violated
Solid machining |« Complete machining
Q The circular pocket must be milled from a solid workpiece (e.g. casting).
¢ Post machining
A small pocket or hole has already been machined in the workpiece.
This needs to be enlarged. Parameters AZ, and &1 must be
programmed.
FS Chamfer width for chamfering - (for chamfering only) mm
ZFS Insertion depth of tool tip (abs or inc) - (for chamfering only) mm
o
AZ Depth of premachining - (for remachining only) mm
a1 Diameter of premachining - (for remachining only) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.24 Rectangular spigot (CYCLE76)

Function
You can mill various rectangular spigots with the "Rectangular spigot" cycle.

You can select from the following shapes with or without a corner radius:

7%

Depending on the dimensions of the rectangular spigot in the workpiece drawing, you can
select a corresponding reference point for the rectangular spigot.

In addition to the required rectangular spigot, you must also define a blank spigot, i.e. the
outer limits of the material. The tool moves at rapid traverse outside this area. The blank
spigot must not overlap adjacent blank spigots and is automatically placed by the cycle in a
central position on the finished spigot.

The rectangular spigot is machined using only one infeed. If you want to machine the spigot
using multiple infeeds, you must program the "Rectangular spigot” cycle several times with a
reducing finishing allowance.

Sequence

1. The tool approaches the starting point at rapid traverse at the height of the retraction
plane and is fed in to the safety clearance. The starting point is on the positive X axis
rotated through a0.

2. The tool approaches the spigot contour sideways in a semicircle at machining feedrate.
The tool first executes infeed at machining depth and then moves in the plane. The
rectangular spigot is machined depending on the programmed machining direction (up-
cut/down-cut) in a clockwise or counterclockwise direction.

3. When the rectangular spigot has been traversed once, the tool retracts from the contour
in a semicircle and then infeed to the next machining depth is performed.

4. The rectangular spigot is approached again in a semicircle and traversed once. This
process is repeated until the programmed spigot depth is reached.

5. The tool moves back to the safety clearance at rapid traverse.
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8.2 Milling
Machining type
® Roughing
Roughing involves moving around the rectangular spigot until the programmed finishing
allowance has been reached.
® Finishing
If you have programmed a finishing allowance, the rectangular spigot is moved around
until depth Z1 is reached.
e Chamfering
Chamfering involves edge breaking at the upper edge of the rectangular spigot.
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
& il 2. Press the "Milling" softkey.
1.
Multi- edge 3. Press the "Multi-edge spigot" and "Rectangular spigot" softkeys.
spigot The "Rectangular Spigot" input window opens.
Rectang.
spigot
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
8]
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min
mm/tooth
o
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
o
F Feedrate *
Milling
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8.2 Milling
Parameter Description Unit
Fz Depth infeed rate *
(only for G code)
Reference point The following different reference point positions can be selected:
O e [—%—] (center)
o [ (bottom left)
. 3 (bottom right)
o P} (top left)
o T (top right)
Machining eV (roughing)
QO e VVV (finishing)
e Chamfering
Machining  Single position
position
A rectangular spigot is machined at the programmed position (X0, YO, Z0).
o e Position pattern
Several rectangular spigots are machined in a position pattern
(e.g. full circle, pitch circle, grid, etc.).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO0 Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
w Width of spigot mm
L Length of spigot mm
R Corner radius mm
a0 Angle of rotation Degrees
Z1 Spigot depth (abs) or depth relative to Z0 (inc) - (only for V and VVV) mm
o
Dz Maximum depth infeed - (only for V and VVV) mm
UXY Plane finishing allowance for the length (L) and width (W) of the rectangular spigot. mm
Smaller rectangular spigot dimensions are obtained by calling the cycle again and
programming it with a lower finishing allowance. - (only for V and VVV)
uz Depth finishing allowance (tool axis) - (only for V. and VVV) mm
W1 Width of blank spigot (important for determining approach position) - (only for V and mm
VVWV)
L1 Length of blank spigot (important for determining approach position) - (only for V and mm
VVWV)
FS Chamfer width for chamfering - (for chamfering only) mm
ZFS 0 Insertion depth of tool tip (abs or inc) - (for chamfering only) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.2 Milling

8.2.5 Circular spigot (CYCLE77)

Function
You can mill various circular spigots with the "Circular spigot" function.

In addition to the required circular spigot, you must also define a blank spigot, i.e. the outer
limits of the material. The tool moves at rapid traverse outside this area. The blank spigot
must not overlap adjacent blank spigots and is automatically placed on the finished spigot in
a centered position.

The circular spigot is machined using only one infeed. If you want to machine the spigot
using multiple infeeds, you must program the "Circular spigot" function several times with a
reducing finishing allowance.

Input simple

For simple machining operations, you have the option to reduce the wide variety of
parameters to the most important parameters using the "Input" selection field. In this "Input
simple" mode, the hidden parameters are allocated a fixed value that cannot be adjusted.

Machine manufacturer
{g} Various defined values can be pre-assigned using setting data.
Please refer to the machine manufacturer's specifications.

If the workpiece programming requires it, you can display and change all of the parameters
using "Input complete"

Approach/retraction

1. The tool approaches the starting point at rapid traverse at the height of the retraction
plane and is fed in to the safety clearance. The starting point is always on the positive X
axis.

2. The tool approaches the spigot contour sideways in a semicircle at machining feedrate.
The tool first executes infeed at machining depth and then moves in the plane. The
circular spigot is machined depending on the programmed machining direction (up-
cut/down-cut) in a clockwise or counterclockwise direction.

3. When the circular spigot has been traversed once, the tool retracts from the contour in a
semicircle and then infeed to the next machining depth is performed.

4. The circular spigot is approached again in a semicircle and traversed once. This process
is repeated until the programmed spigot depth is reached.

5. The tool moves back to the safety clearance at rapid traverse.

Milling
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Machining type
You can select the machining mode for milling the circular spigot as follows:
® Roughing

Roughing involves moving round the circular spigot until the programmed finishing
allowance has been reached.

® Finishing

If you have programmed a finishing allowance, the circular spigot is moved around until
depth Z1 is reached.

e Chamfering

Chamfering involves edge breaking at the upper edge of the circular spigot.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Milling" softkey.
ey Mill
Multi- edge 3. Press the "Multi-edge spigot" and "Circular spigot" softkeys.

spigot The "Circular Spigot" input window opens.

Circular

spigot
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
8]
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min

mm/tooth
Q
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
Q
F Feedrate *
Milling
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8.2 Milling
Parameter Description Unit
FZ Depth infeed rate *
(only for G code)
Machining eV (roughing)
(8] e VVV (finishing)
e Chamfering
Machining ¢ Single position
position
A circular spigot is machined at the programmed position (X0, YO0, Z0).
O e Position pattern
Several circular spigots are machined in a position pattern
(e.g. full circle, pitch circle, grid, etc.).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO0 Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
%) Diameter of spigot mm
2110 Spigot depth (abs) or depth relative to Z0 (inc) - (only for V and VVV) mm
Dz Maximum depth infeed - (only for V and VVV) mm
Uxy Plane finishing allowance for the length (L) and width (W) of the circular spigot. mm
Smaller circular spigot dimensions are obtained by calling the cycle again and
programming it with a lower finishing allowance. - (only for V and VVV)
uz Depth finishing allowance (tool axis) - (only for V and VVV) mm
a1 Diameter of blank spigot (important for determining approach position) - (only for V.and | mm
VVV)
FS Chamfer width for chamfering - (for chamfering only) mm
ZFS 1O Insertion depth of tool tip (abs orinc) - (for chamfering only) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.2 Milling

8.2.6 Multi-edge (CYCLE79)

Function

You can mill a multi-edge with any number of edges with the "Multi-edge" cycle.

You can select from the following shapes with or without a corner radius or chamfer:

Approach/retraction
1.

DOOCOLIV

The tool approaches the starting point at rapid traverse at the height of the retraction
plane and is fed in to the safety clearance.

The tool traverses the multi-edge in a quadrant at machining feedrate. The tool first

executes infeed at machining depth and then moves in the plane. The multi-edge is

machined depending on the programmed machining direction (up-cut/down-cut) in a
clockwise or counterclockwise direction.

When the first plane has been machined, the tool retracts from the contour in a quadrant
and then infeed to the next machining depth is performed.

. The multi-edge is traversed again in a quadrant. This process is repeated until the depth

of the multi-edge has been reached.

The tool retracts to the safety clearance at rapid traverse.

Note

A multi-edge with more than two edges is traversed helically; with a single or double
edge, each edge is machined separately.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
b il 2. Press the "Milling" softkey.
.
Multi- edge 3. Press the "Multi-edge spigot" and "Multi-edge" softkeys.
spigot The "Multi-edge” input window opens.
Multi-
edge
Milling
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8.2 Milling
8.2.6.1 Parameter
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min
mm/tooth
o
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
o
F Feedrate *
Parameter Description Unit
FzZ Depth infeed rate *
(only for G code)
Machining eV (roughing)
(8] e VVV (finishing)
e VVV edge (edge finishing)
e Chamfering
Machining e Single position
position
A polygon is milled at the programmed position (X0, YO, Z0).
a e Position pattern
Several polygons are milled at the programmed position pattern (e.g. pitch circle,
grid, line).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
%) Diameter of blank spigot mm
N Number of edges
SWorl O Width across flats or edge length mm
a0 Angle of rotation Degrees
R1orFS11Q Rounding radius or chamfer width mm
210 Multi-edge depth (abs) or depth in relation to Z0 (inc) - (only for V, VVV and VVV edge) | mm
DXY 0 e Maximum plane infeed mm
0,
e Maximum plane infeed as a percentage of the milling cutter diameter %
- (only for V and VVV)
Dz Maximum depth infeed - (only for V and VVV) mm
Milling
354 Operating Manual, 03/2013, 6FC5398-7CP40-3BA1




Programming technological functions (cycles)

8.2 Milling
Parameter Description Unit
UXY Plane finishing allowance - (only for V, VVV and VVV edge) mm
uz Depth finishing allowance — (only for V and VVV) mm
FS Chamfer width for chamfering - (for chamfering only) mm
ZFS O Insertion depth of tool tip (abs or inc) - (for chamfering only) mm
%
* Unit of feedrate as programmed before the cycle call
8.2.7 Longitudinal groove (SLOT1)
Function
You can mill any longitudinal slot with the "longitudinal slot" milling function.
The following machining methods are available:
e Mill circular pocket from solid material.
Depending on the dimensions of the longitudinal slot in the workpiece drawing, you can
select a corresponding reference point for the longitudinal slot.
e Predrill longitudinal slot first if, for example, the milling cutter does not cut in the center
(e.g. for ShopMill, program the drilling, rectangular pocket and position program blocks in
succession).
In this case, select the predrilling position corresponding to the "Vertical" parameter under
"Insertion".
Approach/retraction
1. The tool moves at rapid traverse to the retraction plane and infeeds at safety clearance.
2. Thetool is inserted into the material according to the chosen strategy.
3. The longitudinal slot is always machined with the chosen machining type from inside out.
4. The tool moves back to the safety clearance at rapid traverse.
Milling

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 355



Programming technological functions (cycles)

8.2 Milling

Machining type

356

You can select the machining mode for milling the longitudinal slot as follows:

® Roughing

During roughing, the individual planes of the slot are machined one after the other until
depth Z1 is reached.

Finishing
During finishing, the edge is always machined first. The slot edge is approached on the

quadrant that joins the corner radius. In the last infeed, the base is finished from the
center out.

Edge finishing

Edge finishing is performed in the same way as finishing, except that the last infeed
(finish base) is omitted.

Chamfering

Chamfering involves edge breaking at the upper edge of the longitudinal slot.

ZFS

Figure 8-3  Geometries when chamfering inside contours

Note

The following error messages can occur when chamfering inside contours:

o Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the
parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

¢ Immersion depth too large
This error message appears when chamfering would be possible through the
reduction of the immersion depth ZFS.

e Tool diameter too large
This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.

Milling
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8.2 Milling
Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Milling" softkey.
ey, Mil
; 3. Press the "Groove" and "Longitudinal groove" softkeys.
— The "Longitudinal Groove (SLOT1)" input window opens.

Longit.

groove
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
8]
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min

mm/tooth
Q
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
Q
F Feedrate *
Milling
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8.2 Milling
Parameter Description Unit
Reference point Position of the reference point:
O ¢ (lefthand edge)
e (inside left)
e (center)
¢ (inside right)
e (righthand edge)
Machining e V (roughing)
O e VVV (finishing)
e VVV edge (edge finishing)
e Chamfering
Machining  Single position
position
A slot is milled at the programmed position (X0, Y0, Z0).
O e Position pattern
Several slots are milled at the programmed position pattern (e.g. pitch circle, grid,
line).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
w Slot width mm
L Slot length mm
a0 Angle of rotation Degrees
Z1 Slot depth (abs) or depth relative to Z0 (inc) — (only for V, VVV and VVV edge) mm
9]
DXY (only e Maximum plane infeed mm
1 [v)
ShopMill ¢ Maximum plane infeed as a percentage of the milling cutter diameter &
- (only for V and VVV)
Dz Maximum depth infeed - (only for V, VVV and VVV Rand) mm
UXY Plane finishing allowance - (only for V, VVV and VVV edge) mm
uz Depth finishing allowance (slot base) - (only for V and VVV) mm
Milling
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8.2 Milling

Parameter Description Unit
Insertion The following insertion modes can be selected: mm
(8] e Predrilled: (only for G code)

Approach reference point shifted by the amount of the safety clearance with GO.

Perpendicular:

Depending on the effective milling tool width (milling tool diameter x DXY[%]) or

DXY [mm] — at the pocket center or at the pocket edge, is moved to the infeed

depth.

ShopMill:

— At the edge of the longitudinal slot ("inside left"): Effective milling tool width >=

half the slot width.

— At the longitudinal slot center: Effective milling tool width < half the slot width.

G code:

The tool is inserted to the infeed depth at the reference point "inside left".

Note: This setting can be used only if the cutter can cut across center.

¢ Helical: Insertion on helical path (only for G code)

The cutter center point traverses along the helical path determined by the radius

and depth per revolution (helical path). If the depth for one infeed has been

reached, a full longitudinal slot is machined to eliminate the inclined insertion path.

¢ Oscillating: Insert with oscillation along center axis of longitudinal slot

The cutter center point oscillates along a linear path until it reaches the depth

infeed. When the depth has been reached, the path is traversed again without

depth infeed in order to remove the slope caused by insertion.
Fz Depth infeed rate — (for vertical insertion only) *
(only for G code)
FZ O Depth infeed rate — (for vertical insertion only) mm/min
(only for ShopMill) mm/tooth
EP Maximum pitch of helix — (for helical insertion only) mm/rev
(only for G code)
ER Radius of helix — (for helical insertion only) mm
(only for G code) | The radius cannot be any larger than the cutter radius; otherwise, material will remain.
EW Maximum insertion angle - (for insertion with oscillation only) Degrees
FS Chamfer width for chamfering (inc) - (for chamfering only), mm
ZFS IO Insertion depth of tool tip (abs or inc) - (for chamfering only) mm

* Unit of feedrate as programmed before the cycle call
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8.2 Milling

8.2.8 Circumferential groove (SLOT2)

Function
You can mill one or several circumferential slots of equal size on a full or pitch circle with the
"circumferential slot" cycle.

Tool size

Please note that there is a minimum size for the milling cutter used to machine the
circumferential slot:

Annular groove

Roughing:

12 groove width W - finishing allowance UXY < milling cutter diameter
Finishing:

12 groove width W < milling cutter diameter

Edge finishing:

Finishing allowance UXY < milling cutter diameter

To create an annular groove, you must enter the following values for the "Number N" and
"Aperture angle a1" parameters:

N=1
a1 =360°

Approach/retraction
1.

360

The tool approaches the center point of the semicircle at the end of the slot at rapid
traverse at the height of the retraction plane and adjusts to the safety clearance.

Then, the tool enters the workpiece at machining infeed (taking into consideration the
maximum infeed in the Z direction and the finishing allowance). The circumferential slot is
machined in the programmed machining direction (up-cut or down-cut) in a clockwise or
counterclockwise direction.

When the first circumferential slot is finished, the tool moves to the retraction plane at
rapid traverse.

The next circumferential slot is approached along a straight line or circular path and then
machined.

The tool moves back to the safety clearance at rapid traverse.

Milling
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Machining type

Milling

8.2 Milling

You can select the machining mode for milling the circumferential groove as follows:

® Roughing

During roughing, the individual planes of the groove are machined one after the other
from the center point of the semicircle at the end of the groove until depth Z1 is reached.

Finishing
In "Finishing" mode, the edge is always machined first until depth Z1 is reached. The

groove edge is approached on the quadrant that joins the radius. In the last infeed, the
base is finished from the center point of the semicircle to the end of the groove.

Edge finishing

Edge finishing is performed in the same way as finishing, except that the last infeed
(finish base) is omitted.

Chamfering

Chamfering involves edge breaking at the upper edge of the circumferential groove.

ZFS

Figure 8-4  Geometries when chamfering inside contours

Note

The following error messages can occur when chamfering inside contours:

o Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the
parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

¢ Immersion depth too large
This error message appears when chamfering would be possible through the
reduction of the immersion depth ZFS.

e Tool diameter too large
This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.
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8.2 Milling

Procedure

1. The part program or ShopMill program to be processed has been
created and you are in the editor.
& il 2. Press the "Milling" softkey.
1
3. Press the "Groove" and "Circumferential groove" softkeys.
Groove . . . .
The "Circumferential Groove" input window opens.
Gircular
groove

Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
0 Milling direction D Cutting edge number
RP Retraction plane mm F Feedrate mm/min
mm/tooth
o
SC Safety clearance mm S/V Spindle speed or constant rpm
cutting rate m/min
o
F Feedrate *
Parameter Description Unit
FZ QO Depth infeed rate (only for V and VVV) mm/min
(only for ShopMill) in/tooth
FZ Depth infeed rate (only for V and VVV) *
(only for G code)
Machining eV (roughing)
(8] e VVV (finishing)
e VVV edge (edge finishing)
e Chamfering
Circular pattern e Full circle
Q The circumferential slots are positioned around a full circle. The distance from one
circumferential slot to the next circumferential slot is always the same and is
calculated by the control.
e Pitch circle
The circumferential slots are positioned around a pitch circle. The distance from
one circumferential slot to the next circumferential slot can be defined using angle
a2.
Milling
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8.2 Milling
Parameter Description Unit
The positions refer to the center point:
X0 Reference point X mm
YO Reference point Y mm
20 Reference point Z mm
N Number of grooves
R Radius of circumferential slot mm
a0 Starting angle Degrees
at Opening angle of the slot Degrees
a2 Advance angle - (for pitch circle only) Degrees
W Slot width mm
2110 Slot depth (abs) or depth relative to Z0 (inc) — (only for V, VVV and mm
VVV edge)
Dz Maximum depth infeed - (only for V, VVV and VVV Rand) mm
FS Chamfer width for chamfering (inc) - (for chamfering only), mm
ZFS 0 Insertion depth of tool tip (abs or inc) - (for chamfering only), mm
uUxy Plane finishing allowance - (only for V, VVV and VVV edge) mm
Positioning Positioning motion between the slots:
O e Straight line:
Next position is approached linearly in rapid traverse.
e Circular:
Next position is approached along a circular path at the feedrate defined in the
machine data.
* Unit of feedrate as programmed before the cycle call
8.2.9 Open groove (CYCLE899)
Function
Use the "Open slot" function if you want to machine open slots.
For roughing, you can choose between the following machining strategies, depending on
your workpiece and machine properties.
e Vortex milling
® Plunge cutting
The following machining types are available to completely machine the slot:
® Roughing
® Rough-finishing
® Finishing
® Base finishing
Milling
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8.2 Milling

Vortex milling

Plunge cutting

® Edge finishing

e Chamfering

Particularly where hardened materials are concerned, this process is used for roughing and
contour machining using coated VHM milling cutters.

Vortex milling is the preferred technique for HSC roughing, as it ensures that the tool is
never completely inserted. This means that the set overlap is precisely maintained.

Plunge cutting is the preferred method of machining slots for "unstable" machines and
workpiece geometries. This method generally only exerts forces along the tool axis, i.e.
perpendicular to the surface of the pocket/slot to be machined (with the XY plane in Z
direction). Therefore, the tool is subject to virtually no deformation. As a result of the axial
loading of the tool, there is hardly any danger of vibration occurring for unstable workpieces.

The cutting depth can be considerably increased. The plunge cutter, as it is known, ensures
a longer service life due to less vibration for long overhangs.

Approach/retraction for vortex milling

1. The tool approaches the starting point in front of the slot in rapid traverse and maintains
the safety clearance.

2. The tool goes to the cutting depth.

3. The open slot is always machined along its entire length using the selected machining
method.

4. The tool retracts to the safety clearance in rapid traverse.

Approach/retraction for plunge cutting

364

1. The tool moves in rapid traverse to the starting point in front of the slot at the safety
clearance.

2. The open slot is always machined along its entire length using the selected machining
method.

3. The tool retracts to the safety clearance in rapid traverse.

Milling
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8.2 Milling

Machining type, roughing vortex milling
Roughing is performed by moving the milling cutter along a circular path.

While performing this motion, the milling cutter is continuously fed into the plane. Once the
milling cutter has traveled along the entire slot, it returns to its starting point, while continuing
to move in a circular fashion. By doing this, it removes the next layer (infeed depth) in the Z
direction. This process is repeated until the set slot depth plus the finishing allowance has
been reached.

Vortex milling: Down-cut or up-cut Vortex milling: Down-cut-up-cut

Supplementary conditions for vortex milling
® Roughing
1/2 slot width W - finishing allowance UXY < milling cutter diameter
e Slot width
minimum 1.15 x milling cutter diameter + finishing allowance
maximum, 2 x milling cutter diameter + 2 x finishing allowance
® Radial infeed
minimum, 0.02 x milling cutter diameter
maximum, 0.25 x milling cutter diameter
® Maximum infeed depth < cutting height of milling cutter
Please note that the cutting height of the milling cutter cannot be checked.
The maximum radial infeed depends on the milling cutter.

For hard materials, use a lower infeed.

Milling
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8.2 Milling

Machining type, roughing plunge cutting

Roughing of the slot takes place sequentially along the length of the groove, with the milling
cutter performing vertical insertions at the machining feedrate. The milling cutter is then
retracted and repositioned at the next insertion point.

The milling cutter moves along the length of the slot, at half the infeed rate, and inserts
alternately at the left-hand and right-hand walls.

The first insertion motion takes place at the slot edge, with the milling cutter inserted at half
the infeed, less the safety clearance (if the safety clearance is greater than the infeed, this
will be on the outside). For this cycle, the maximum width of the slot must be less than
double the width of the milling cutter + the finishing allowance.

Following each insertion, the milling cutter is lifted by the height of the safety clearance at the
machining feedrate. As far as possible, this occurs during what is known as the retraction
process, i.e. if the milling cutter's wrap angle is less than 180°, it is lifted at an angle below
45° in the opposite direction to the bisector of the wrap area.

The milling cutter then traverses over the material in rapid traverse.

Supplementary conditions for plunge cutting

366

® Roughing

1/2 slot width W - finishing allowance UXY < milling cutter diameter
® Maximum radial infeed

The maximum infeed depends on the cutting edge width of the milling cutter.
® [ncrement

The lateral increment is calculated on the basis of the required slot width, milling cutter
diameter and finishing allowance.

® Retraction

Retraction involves the milling cutter being retracted at a 45° angle if the wrap angle is
less than 180°. Otherwise, retraction is perpendicular, as is the case with drilling.

Milling
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8.2 Milling

® Retraction
Retraction is performed perpendicular to the wrapped surface.
e Safety clearance

Traverse through the safety clearance beyond the end of the workpiece to prevent
rounding of the slot walls at the ends.

Please note that the milling cutter’s cutting edge cannot be checked for the maximum radial
infeed.

Machining type, rough finishing

If there is too much residual material on the slot walls, unwanted corners are removed to the
finishing dimension.

Machining type, finishing:

When finishing walls, the milling cutter travels along the slot walls, whereby just like for
roughing, it is again fed in the Z direction, increment by increment. During this process, the
milling cutter travels through the safety clearance beyond the beginning and end of the slot,
so that an even slot wall surface can be guaranteed across the entire length of the slot.

Machining type, edge finishing

Edge finishing is performed in the same way as finishing, except that the last infeed (finish
base) is omitted.

Machining type, finishing base:

When finishing the base, the milling cutter moves backwards and forwards once in the
finished slot.

Machining type, chamfering

Chamfering involves breaking the edge at the upper slot edge.

Milling
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8.2 Milling

T \/ T
N 4
N 4
ZFS

Figure 8-5  Geometries when chamfering inside contours

Note

The following error messages can occur when chamfering inside contours:

o Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the
parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

¢ Immersion depth too large
This error message appears when chamfering would be possible through the reduction of
the immersion depth ZFS.

e Tool diameter too large
This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.

Additional supplementary conditions
® Finishing
1/2 slot width W < milling cutter diameter
® Edge finishing
Finishing allowance UXY < milling cutter diameter
e Chamfering

The tip angle must be entered into the tool table.

Milling
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8.2 Milling

Procedure

1. The part program or ShopMill program to be processed has been

created and you are in the editor.
2. Press the "Milling" softkey.
ey Mill
3. Press the "Slot" and "Open slot" softkeys.
Groove " " ;
The "Open slot" input window opens.
Open slot
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
8]
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm F Feedrate mm/min
mm/tooth
Q
F Feedrate * S/V Spindle speed or constant rpm
cutting rate m/min
8]

Parameter Description Unit

Reference point Position of the reference point:

O o (lefthand edge)

e (center)
..
e (righthand edge)

frmgeg
Machining eV (roughing)
(8] e VV (pre-finishing)

e VVV (finishing)

e VVV base (base finishing)
e VVV edge (edge finishing)
e Chamfering

Milling
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Parameter Description Unit
Technology e Vortex milling
O The.milling cutter performs circular motions along the length of the slot and back
again.
e Plunge cutting
Sequential drilling motion along the tool axis.
0 Milling direction: - (except plunge cutting).
¢ Climbing cutting
e Conventional cutting
¢ Climbing-conventional cutting
Machining « Single position
position
Mill a slot at the programmed position (X0, YO, Z0).
O e Position pattern
Mill slots at a programmed position pattern (e.g. full circle or grid).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO0 Reference point Y — (for single position only) mm
Z0 Reference point Z — (only for single position and G Code position pattern) mm
w Slot width mm
L Slot length mm
a0 Angle of rotation of slot Degrees
210 Slot depth (abs) or depth relative to Z0 (abs) — (only for V, VVV, VVV base and VVV mm
rough finishing)
DXY e Maximum plane infeed mm
(8] e Maximum plane infeed as a percentage of the milling cutter diameter %
- (only for V)
DZ Maximum depth infeed - (only for V, VVV rough finishing, VVV and VVV edge) mm
- (only for vortex milling)
UXY Plane finishing allowance (slot edge) - (only for V, VVV rough finishing and VVV base) mm
uz Depth finishing allowance (slot base) - (only for V, VVV rough finishing and VVV edge ) | mm
FS Chamfer width for chamfering (inc) - (for chamfering only) mm
ZFS Insertion depth of tool tip (abs or inc) - (for chamfering only) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.2.10 Long hole (LONGHOLE) - only for G code programs

Function

In contrast to the groove, the width of the elongated hole is determined by the tool diameter.

Internally in the cycle, an optimum traversing path of the tool is determined, ruling out
unnecessary idle passes. If several depth infeeds are required to machine an elongated
hole, the infeed is carried out alternately at the end points. The path to be traversed in the
plane along the longitudinal axis of the elongated hole changes its direction after each
infeed. The cycle searches for the shortest path when changing to the next elongated hole.

Note

The cycle requires a milling cutter with a "face tooth cutting over center" (DIN 844).

Approach/retraction

1. Using GO, the starting position for the cycle is approached. In both axes of the current
plane, the closest end point of the first elongated hole to be machined is approached at
the level of the retraction plane in the tool axis and then lowered to the reference point
shifted by the amount of the safety clearance.

2. Each elongated hole is milled in a reciprocating motion. The machining in the plane is
performed using G1 and the programmed feedrate. At each reversal point, the infeed to
the next machining depth calculated internally in the cycle is performed with G1 and the
feedrate, until the final depth is reached.

3. Retraction to the retraction plane using GO and approach to the next elongated hole on

the shortest path.

4. After the last elongated hole has been machined, the tool at the position reached last in
the machining plane is moved with GO to the retraction plane, and the cycle terminated.

Procedure
ey il
Groove
Elongated
hole
Milling

The part program or ShopMill program to be processed has been
created and you are in the editor.

Press the "Milling" softkey.

Press the "Groove" and "Elongated hole" softkeys.
The "Elongated Hole" input window opens.
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8.2 Milling
Parameter Description Unit
PL QO Machining plane
RP Retraction plane (abs)
SC Safety clearance (inc)
F Feedrate *
Machining type e Plane-by-plane mm
Q The tool is inserted to infeed depth in the pocket center.
Note: This setting can be used only if the cutter can cut across center.
¢ Oscillating
Insert with oscillation along center axis of longitudinal slot:
The cutter center point oscillates along a linear path until it reaches the depth
infeed. When the depth has been reached, the path is traversed again without
depth infeed in order to eliminate the inclined insertion path.
Reference point Position of the reference point:
9]
Machining e Single position
position
An elongated hole is machined at the programmed position (X0, YO, Z0).
O o Position pattern
Several elongated holes are machined in the programmed position pattern (e.g.
pitch circle, grid, line).
The positions refer to the reference point:
X0 Reference point X — (for single position only) mm
YO0 Reference point Y — (for single position only) mm
Z0 Reference point Z mm
L Elongated hole length mm
a0 Angle of rotation Degrees
Z110 Elongated hole depth (abs) or depth in relation to Z0 (inc) mm
Dz Maximum depth infeed mm
FzZ Depth infeed rate *
* Unit of feedrate as programmed before the cycle call
Milling
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8.2.11 Thread milling (CYCLE?0)

Function

Using a thread cutter, internal or external threads can be machined with the same pitch.
Threads can be machined as right-hand or left-hand threads and from top to bottom or vice
versa.

For metric threads (thread pitch P in mm/rev), the cycle assigns a value (calculated on the
basis of the thread pitch) to the thread depth H1 parameter. You can change this value. The
default selection must be activated via a machine data code.

Machine manufacturer
{a% Please refer to the machine manufacturer's specifications.

The entered feedrate acts on the workpiece contour, i.e. it refers to the thread diameter.
However the feedrate of the cutter center point is displayed. That is why a smaller value is
displayed for internal threads and a larger value is displayed for external threads than was
entered.

Approach/retraction when milling internal threads

1.
2.
3.

Milling

Positioning on retraction plane with rapid traverse.
Approach of starting point of the approach circle in the current plane with rapid traverse.

Infeed to a starting point in the tool axis calculated internally in the controller with rapid
traverse.

Approach motion to thread diameter on an approach circle calculated internally in the
controller with the programmed feedrate, taking into account the finishing allowance and
maximum plane infeed.

Thread cutting along a spiral path in clockwise or counter-clockwise direction (depending
on whether it is left-hand/right-hand thread, for number of cutting teeth of a milling plate
(NT) = 2 only one rotation, offset in the Z direction).

To reach the programmed thread length, traversing is beyond the Z1 value for different
distances depending on the thread parameters.

Exit motion along a circular path in the same rotational direction at programmed feedrate.

With a programmed number of threads per cutting edge NT > 2, the tool is fed in (offset)
by the amount NT-1 in the Z direction. Points 4 to 7 are repeated until the programmed
thread depth is reached.

If the plane infeed is less than the thread depth, points 3 to 7 are repeated until the thread
depth + programmed allowance is reached.

Retract on the thread center point and then to retraction plane in the tool axis in rapid
traverse.

Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 373



Programming technological functions (cycles)

8.2 Milling

Please note that when milling an internal thread the tool must not exceed the following value:

Milling cutter diameter < (nominal diameter - 2 - thread depth H1)

Approach/retraction when milling external threads

Procedure

374

1.
2.
3.

Positioning on retraction plane with rapid traverse.
Approach of starting point of the approach circle in the current plane with rapid traverse.

Infeed to a starting point in the tool axis calculated internally in the controller with rapid
traverse.

. Approach motion to thread core diameter on an approach circle calculated internally in

the controller with the programmed feedrate, taking into account the finishing allowance
and maximum plane infeed.

Cut thread along a spiral path in clockwise or counter-clockwise direction (depending on
whether it is left-hand/right-hand thread, with NT = 2 only one rotation, offset in Z
direction).

To reach the programmed thread length, traversing is beyond the Z1 value for different
distances depending on the thread parameters.

Exit motion along a circular path in opposite rotational direction at programmed feedrate.

With a programmed number of threads per cutting edge NT > 2, the tool is fed in (offset)
by the amount NT-1 in the Z direction. Points 4 to 7 are repeated until the programmed
thread depth is reached.

If the plane infeed is less than the thread depth, points 3 to 7 are repeated until the thread
depth + programmed allowance is reached.

Retraction on the retraction plane in the tool axis with rapid traverse.

1. The part program or ShopMill program to be processed has been
created and you are in the editor.
& il 2. Press the "Milling" softkey.
1.
Thread 3. Press the "Thread milling" softkey.
milling The "thread milling" input window opens.

Milling
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8.2 Milling
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm F Feedrate mm/min
mm/tooth
o
F Feedrate * S/V Spindle speed or constant rpm
cutting rate m/min
Q
Parameter Description Unit
Machining e V (roughing)
e VVV (finishing)
0 Machining direction:
e Z0-2Z1

Machining from top to bottom
o 721-20

Machining from bottom to top

O Direction of rotation of the thread:
¢ Right-hand thread

A right-hand thread is cut.
e Left-hand thread

A left-hand thread is cut.
0 Position of the thread:

e Internal thread

An internal thread is cut.
e External thread

An external thread is cut.

NT Number of teeth per cutting edge

Single or multiple toothed milling inserts can be used. The motions required are
executed by the cycle internally, so that the tip of the bottom tooth on the milling insert
corresponds to the programmed end position when the thread end position is reached.
Depending on the cutting edge geometry of the milling insert, the retraction path must
be taken into account at the base of the workpiece.

0 Machining position:
e Single position
e Position pattern (MCALL)

(only for G code)

Milling
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Parameter Description Unit
0 The positions refer to the center point:
X0 Reference point X — (for single position only) mm
Y0 Reference point Y — (for single position only) mm
Reference point Z mm
Z0
(only for G code)
210 End point of the thread (abs) or thread length (inc) mm
Table Thread table selection:
e Without

e |SO metric

e Whitworth BSW
e Whitworth BSP
e UNC

Selection — (not Selection of table value: e.g.

for table 'without') | , - 3 M10; etc. (ISO metric)
® o W3/4"; etc. (Whitworth BSW)
e G3/4"; etc. (Whitworth BSP)
e N1"-8 UNC; etc. (UNC)

P Display of the thread pitch for the parameter input in the input field "Table" and MODULUS
"Selection”. Turns/"
mm/rev
inch/rev
PO Pitch ...
) (§electlon e in MODULUS: For instance, used for worms that mesh with a gearwheel. MODUL
option only for Turns/"
table selection e perinch: Used with pipe threads, for example.
without’) When entered per inch, enter the integer number in front of the decimal point in the
first parameter field and the figures after the decimal point as a fraction in the
e mm/rev
second and third field. .
in/rev
e in mm/rev
e ininch/rev
The tool used depends on the thread pitch.
) Nominal diameter mm
Example: Nominal diameter of M12 = 12 mm
H1 Thread depth mm
aS Starting angle Degrees
rev Finishing allowance in X and Y - (only for V) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.2.12 Engraving (CYCLEG0)

Function
The "Engraving" function is used to engrave a text on a workpiece along a line or arc.

You can enter the text directly in the text field as "fixed text" or assign it via a variable as
"variable text".

Engraving uses a proportional font, i.e., the individual characters are of different widths.

Approach/retraction

1. The tool approaches the starting point at rapid traverse at the height of the retraction
plane and adjusts to the safety clearance.

2. The tool moves to the machining depth FZ at the infeed feedrate Z1 and mills the
characters.

3. The tool retracts to the safety clearance at rapid traverse and moves along a straight line
to the next character.

4. Steps 2 and 3 are repeated until the entire text has been milled.

5. The tool moves to the retraction plane in rapid traverse.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
2. Press the "Milling" softkey.
ey il
3. Press the "Engraving" softkey.
Engraving " C .
The "Engraving" input window opens.
Milling
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Entering the engraving text

Special
character

i
0K

Delete
fext

Delete

Lower-case
letters

Uariable

Date

Uariable

Time

Uariable

Quantity
000123

378

»

o

Press the "Special characters" softkey if you need a character that does
not appear on the input keys.

The "Special characters" window appears.

e Position the cursor on the desired character.

e Press the "OK" softkey.

The selected character is inserted into the text at the cursor position.

If you wish to delete the complete text, press the "Delete text" and
"Delete" softkeys one after the other.

Press the "Lowercase" softkey to enter lowercase letters. Press it again
to enter uppercase letters.

Press the "Variable" and "Date" softkeys if you want to engrave the
current date.

The data is inserted in the European date format
(<DD>.<MM>.<YYYY>).

To obtain a different date format, you must adapt the format specified in
the text field. For example, to engrave the date in the American date
format (month/day/year => 8/16/04), change the format to
<M>/<D>/<YY> .

Press the "Variable" and "Time" softkeys if you want to engrave the
current time.

The time is inserted in the European format (<TIME24>).

To have the time in the American format, change the format to
<TIME12>.

Example:
Text entry: Time: <TIME24> Execute: Time: 16.35
Time: <TIME12> Execute: Time: 04.35 PM

e Press the "Variable" and "Workpiece count 000123" softkeys to
engrave a workpiece count with a fixed number of digits and leading
zeroes.

The format text <##HHHH, SAC_ACTUAL_PARTS> is inserted and
you return to the engraving field with the softkey bar.

¢ Define the number of digits by adjusting the number of place holders
(#) in the engraving field.
If the specified number of positions (e.g. ##) is not sufficient to
represent the unit quantity, then the cycle automatically increases
the number of positions.

-OR

Milling
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Uariable

Quantity
123

Uariable

Number
123.456

Milling

8.2 Milling

¢ Press the "Variable" and "Workpiece count 123" softkeys if you want
to engrave a workpiece count without lead zeroes.

The format text <#,_$AC_ACTUAL_PARTS> is inserted and you
return to the engraving field with the softkey bar.

o Define the number of digits by adjusting the number of place holders

in the engraving field.

If the specified number of digits is not enough to display the
workpiece count (e.g. 123), the cycle will automatically increase the

number digits.

e Press the "Variable" and "Number 123.456" softkeys if you want to
engrave a any number in a certain format.

The format text <#.###,_VAR_NUM> is inserted and you return to
the engraving field with the softkey bar.

e The place holders #.### define the digit format in which the number
defined in _VAR_NUM will be engraved.

For example, if you have stored 12.35 in _VAR_NUM, you can

format the variable as follows.

Entry Release
<#,_VAR_NUM> 12

<###,_VAR_NUM> 0012

<#,_VAR_NUM> 12

<#.,_VAR_NUM> 12.35

<#.#,_VAR_NUM> 12.4

<#.##,_VAR_NUM> 12.35

<#.#HHH#,_VAR_NUM> 12.3500
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Meaning

Places before decimal point
unformatted, no places after the
decimal point

4 places before decimal point,
leading zeros, no places after the
decimal point

4 places before decimal point,
leading blanks, no places after the
decimal point

Integer and fractional digits not
formatted.

Places before decimal point
unformatted,

1 place after the decimal point
(rounded)

Places before decimal point
unformatted,

2 places after the decimal point
(rounded)

Places before decimal point
unformatted,

4 places after the decimal point
(rounded)
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Uariable

Uariable
text

If there is insufficient space in front of the decimal point to display the
number entered, it is automatically extended. If the specified number of
digits is larger than the number to be engraved, the output format is
automatically filled with the appropriate number of leading and trailing
zeroes.

Instead of the decimal point you can also use a blank.

Instead of _VAR_NUM you can use any other numerical variable (e.g.
RO).

Press the "Variable" and "Variable text" softkeys if you want to take the
text to be engraved (up to 200 characters) from a variable.

The format text <Text, _VAR_TEXT> is inserted and you return to the
engraving field with the softkey bar.

You can use any other text variable instead of _"VAR_TEXT.

Note

Entering the engraving text

Only single-line entries without line break are permissible!

Variable texts

There are various ways of defining variable text:

® Date and time

For example, you can engrave the time and date of manufacture on a workpiece. The
values for date and time are read from the NCK.

e Quantity

Using the workpiece variables you can assign a consecutive number to the workpieces.

You can define the format (humber of digits, leading zeroes).

The place holder (#) is used to format the number of digits at which the workpiece counts

output will begin.

If you do not want to output a count of 1 for the first workpiece, you can specify an
additive value (e.g., <#,$AC_ACTUAL_PARTS + 100>). The workpiece count output is
then incremented by this value (e. g. 101, 102, 103,...).

380
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8.2 Milling

e Numbers

When outputting number (e. g. measurement results), you can select the output format
(digits either side of the point) of the number to be engraved.

® Text

Instead of entering a fixed text in the engraving text field, you can specify the text to be
engraved via a text variable (e. g., _"VAR_TEXT="ABC123").

You can engrave the text mirrored on the workpiece.

Full circle
If you want to distribute the characters evenly around a full circle, enter the arc angle
a2=360°. The cycle then distributes the characters evenly around the full circle.
Parameters, G code program Parameters, ShopMill program
PL Machining plane T Tool name
o
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm F Feedrate mm/min
mm/tooth
o
F Feedrate * S/V Spindle speed or constant rpm
cutting rate m/min
o
Parameter Description Unit
Fz Depth infeed rate *
(only for G code)
FZ QO Depth infeed rate mm/min
(only for ShopMill) mm/tooth
Alignment . ABC (linear alignment)
3 o aBgp (curved alignment)
. A% (curved alignment)
Milling
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Parameter Description Unit
Reference point Position of the reference point
O . bottom left

o bottom center

. —1  bottom right

o 1 top left

o ] - top center

o =% top right

. ¢—i—1 left-hand edge

o 8- center

. : right-hand edge
Mirror writing e Yes

The mirrored text is engraved on the workpiece.
e No
The text is engraved on the workpiece without mirroring.

Engraving text maximum 100 characters
X0orR IO Reference point X (abs) or reference point length polar mm

— (in ShopMill for curved alignment only)
YO0 or a0 i3 Reference point Y (abs) or reference point angle polar mm or

— (in ShopMIill for curved alignment only) degrees
X0 Reference point Y (abs) mm

(for linear alignment only)
YO0 Reference point Y (abs) mm

(for linear alignment only)
Z0 Reference point Z (abs) mm
Z110 Engraving depth (abs) or depth referred to Z0 (inc) mm
w Character height mm
DX1ora2 iQ Distance between characters or angle of opening — (for curved alignment only) mm or

degrees

DX1 or DX2 ©Q Distance between characters or total width — (for linear alignment only) mm
al Text direction (for linear alignment only) Degrees
XMor LM i©Q Center point X (abs) or center point length polar mm
(only for G code) |~ (for curved alignment only)
YMoraM O Center point Y (abs) or center point angle polar mm or
(only for G code) |~ (for curved alignment only) degrees
XM Center point X (abs) mm
(ShopMill only) — (only for curved alignment)
YM Center point Y (abs) mm

(ShopMill only)

— (only for curved alignment)

382

* Unit of feedrate as programmed before the cycle call
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8.3 Contour mifling
8.3 Contour milling
8.3.1 General
Function

You can mill simple or complex contours with the "Contour milling" cycle. You can define
open contours or closed contours (pockets, islands, spigots).

A contour comprises separate contour elements, whereby at least two and up to 250
elements result in a defined contour. Radii, chamfers and tangential transitions are available
as contour transition elements.

The integrated contour calculator calculates the intersection points of the individual contour
elements taking into account the geometrical relationships, which allows you to enter
incompletely dimensioned elements.

With contour milling, you must always program the geometry of the contour before you
program the technology.

8.3.2 Representation of the contour

G Code program

In the editor, the contour is represented in a program section using individual program
blocks. If you open an individual block, then the contour is opened.

ShopMill program

The cycle represents a contour as a program block in the program. If you open this block,
the individual contour elements are listed symbolically and displayed in broken-line graphics.

Symbolic representation

The individual contour elements are represented by symbols adjacent to the graphics
window. They appear in the order in which they were entered.

Contour element Symbol Meaning

Starting point _ﬂ} Starting point of the contour
Straight line up T Straight line in 90° grid
Straight line down l Straight line in 90° grid

Milling
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Contour element Symbol Meaning

Straight line left I Straight line in 90° grid

Straight line right Straight line in 90° grid
—

Straight line in any direction /! Straight line with any gradient

Arc right S Circle

Arc left Circle
"l

Pole Straight diagonal or circle in
M polar coordinates

Finish contour END End of contour definition

The different colors of the symbols indicate their status:

Foreground Background Meaning

Black Blue Cursor on new element

Black Orange Cursor on current element

Black White Normal element

Red White Element not currently evaluated
(element will only be evaluated
when it is selected with the
cursor)

Graphical display

The progress of contour programming is shown in broken-line graphics while the contour
elements are being entered.

When the contour element has been created, it can be displayed in different line styles and
colors:

Black: Programmed contour
Orange: Current contour element
Green dashed: Alternative element

Blue dotted: Partially defined element

The scaling of the coordinate system is adjusted automatically to match the complete
contour.

The position of the coordinate system is displayed in the graphics window.

384
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8.3.3

Function

8.3 Contour mifling

Creating a new contour

For each contour that you want to mill, you must create a new contour.

The contours are stored at the end of the program.

Note

When programming in the G code, it must be ensured that the contours are located after the
end of program identifier!

The first step in creating a contour is to specify a starting point. Enter the contour element.
The contour processor then automatically defines the end of the contour.

If you alter the tool axis, the cycle will automatically adjust the associated starting point axes.
You can enter any additional commands (up to 40 characters) in G code format for the
starting point.

Additional commands

Procedure

Milling

You can program feedrates and M commands, for example, using additional G code
commands. You can enter the additional commands (max. 40 characters) in the extended
parameter screens ("All parameters" softkey). However, make sure that the additional
commands do not collide with the generated G code of the contour. Therefore, do not use
any G code commands of group 1 (GO, G1, G2, G3), no coordinates in the plane and no G
code commands that have to be programmed in a separate block.

1. The part program or ShopMill program to be processed has been
created and you are in the editor.
Cont. 2. Press the "Contour milling" and "New contour" softkeys.
mill. The "New Contour" input window opens.
Mew
contour
3. Enter a contour name.
e 4. Press the "Accept" softkey.
_ hccept The input screen for the starting point of the contour appears. You can

enter Cartesian or polar coordinates.
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Cartesian starting point

1. Enter the starting point for the contour.
2. Enter any additional commands in G code format, as required.
Ve 3 Press the "Accept" softkey.

Accept

4, Enter the individual contour elements.

Polar starting point

1. Press the "Pole" softkey.

Pole
2. Enter the pole position in Cartesian coordinates.
3. Enter the starting point for the contour in polar coordinates.
4. Enter any additional commands in G code format, as required.
Ve 5. Press the "Accept" softkey.
Accept
6. Enter the individual contour elements.
Parameter Description Unit
PL Machining plane
Cartesian:
X Starting point X (abs) mm
Y Starting point Y (abs) mm
Polar:
X Position pole (abs) mm
Y Position pole (abs) Degrees
Starting point
L1 Distance to pole, end point (abs) mm
o1 Polar angle to the pole, end point (abs) Degrees
Additional The contour is finished in continuous-path mode (G64). As a result, contour transitions
commands such as corners, chamfers or radii may not be machined precisely.
If you wish to avoid this, then it is possible to use additional commands when
programming.
Example: For a contour, first program the X parallel straight line and then enter "G9"
(non-modal exact stop) for the additional command parameter. Then program the Y-
parallel straight line. The corner will be machined exactly, as the feedrate at the end of
the X-parallel straight line is briefly zero.
Note:
The additional commands are only effective for path milling!
Milling
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8.34 Creating contour elements

After you have created a new contour and specified the starting point, you can define the
individual elements that make up the contour.

The following contour elements are available for the definition of a contour:

e Straight vertical line

e Straight horizontal line

® Diagonal line

e Circle/arc

® Pole

For each contour element, you must parameterize a separate parameter screen.

The coordinates for a horizontal or vertical line are entered in Cartesian format; however, for
the contour elements Diagonal line and Circle/arc you can choose between Cartesian and
polar coordinates. If you wish to enter polar coordinates you must first define a pole. If you
have already defined a pole for the starting point, you can also refer the polar coordinates to
this pole. Therefore, in this case, you do not have to define an additional pole.

Cylinder surface transformation

Parameter input

Milling

For contours (e.g. slots) on cylinders, lengths are frequently specified in the form of angles. If
the "Cylinder surface transformation" function is activated, you can also define on a cylinder
the length of contours (in the circumferential direction of the cylinder surface) using angles.
This means instead of X, Y and |, J, you enter Xa, Ya and la, Ja.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Parameter entry is supported by various help screens that explain the parameters.

If you leave certain fields blank, the geometry processor assumes that the values are
unknown and attempts to calculate them from other parameters.

Conflicts may result if you enter more parameters than are absolutely necessary for a
contour. In such a case, try to enter fewer parameters and allow the geometry processor to
calculate as many parameters as possible.
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Contour transition elements

As a transition between two contour elements, you can choose a radius or a chamfer. The
transition element is always attached at the end of a contour element. The contour transition
element is selected in the parameter screen of the respective contour element.

You can use a contour transition element whenever there is an intersection between two
successive elements which can be calculated from the input values. Otherwise you must use
the straight/circle contour elements.

The contour end is an exception. Although there is no intersection to another element, you
can still define a radius or a chamfer as a transition element for the blank.

Additional functions

The following additional functions are available for programming a contour:

® Tangent to preceding element

You can program the transition to the preceding element as tangent.

® Dialog box selection

If two different possible contours result from the parameters entered thus far, one of the
options must be selected.

e Close contour

From the actual position, you can close the contour with a straight line to the starting

point.

Procedure for entering contour elements

388

Cont.
mill.

GContour

New
contour

v
Accept

v
Accept

22

23

The part program or the machining schedule is opened. Position the
cursor at the desired entry position.

Contour input using contour support:
Press the "Contour milling", "Contour" and "New contour" softkeys.

In the opened input window, enter a name for the contour, e.g.
contour_1.

Press the "Accept" softkey.

The input screen to enter the contour opens, in which you initially enter
a starting point for the contour. This is marked in the lefthand navigation
bar using the "+" symbol.

Press the "Accept" softkey.

Milling
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‘o

—o

Pole

Accept

Tangent.
trans.

v
Accept

All para-
meters

Milling

o

©

8.3 Contour mifling

Enter the individual contour elements of the machining direction.
Select a contour element via softkey.
The "Straight (e.g. X)" input window opens.

-OR
The "Straight (e.g. Y)" input window opens.

-OR
The "Straight (e.g. XY)" input window opens.

-OR
The "Circle" input window opens.

-OR
The "Pole Input" input window opens.

Enter all the data available from the workpiece drawing in the input
screen (e.g. length of straight line, target position, transition to next
element, angle of lead, etc.).

Press the "Accept" softkey.

The contour element is added to the contour.

When entering data for a contour element, you can program the
transition to the preceding element as a tangent.

Press the "Tangent to prec. elem." softkey. The "tangential" selection
appears in the parameter a2 entry field.

Repeat the procedure until the contour is complete.

Press the "Accept" softkey.

The programmed contour is transferred into the process plan (program
view).

If you want to display further parameters for certain contour elements,

e.g. to enter additional commands, press the "All parameters"” softkey.
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Contour element "Straight line, e.g. X"

Parameter Description Unit
X End point X (abs or inc) mm
al Starting angle e.g. to the X axis Degrees
a2 Angle to the preceding element Degrees
Transition to next Type of transition
element IQ e Radius
e Chamfer
Radius R Transition to following element - radius mm
Chamfer FS | Transition to following element - chamfer mm
Additional commands | Additional G code commands
Contour element "straight line, e.g. Y"
Parameter Description Unit
YO End point Y (abs or inc) mm
al Starting angle to X axis Degrees
Transition to next Type of transition
element IO « Radius
e Chamfer
Radius R Transition to following element - radius mm
Chamfer FS | Transition to following element - chamfer mm
Additional commands | Additional G code commands
Contour element "Straight line, e.g. XY"
Parameter Description Unit
X0 End point X (abs or inc) mm
YO End point Y (abs or inc) mm
L Length mm
al Starting angle e.g. to the X axis Degrees
a2 Angle to the preceding element Degrees
Transition to next Type of transition
element IQ e Radius
e Chamfer
Radius R Transition to following element - radius mm
Chamfer FS | Transition to following element - chamfer mm
Additional commands | Additional G code commands
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Contour element "Circle"

Parameter Description Unit
Direction of rotation

R
o

¢ Clockwise direction of rotation

[Pl

e Counterclockwise direction of rotation
R Radius mm
eg. X0 End point X (abs or inc) mm
eg. YD End point Y (abs or inc) mm
eg. 0 Circle center point | (abs or inc) mm
eg. JiD Circle center point J (abs or inc) mm
at Starting angle to X axis Degrees
a2 Angle to the preceding element Degrees
B1 End angle to Z axis Degrees
B2 Angle of opening Degrees
Transition to next Type of transition
element IO e Radius

e Chamfer
Radius R Transition to following element - radius mm
Chamfer FS | Transition to following element - chamfer mm
Additional commands | Additional G code commands
Contour element "Pole"
Parameter Description Unit
X Position pole (abs) mm
Y Position pole (abs) mm

Contour element "End"

The data for the transition at the contour end of the previous contour element is displayed in
the "End" parameter screen.

The values cannot be edited.

Milling
Operating Manual, 03/2013, 6FC5398-7CP40-3BA1 391



Programming technological functions (cycles)

8.3 Contour mifling
8.3.5 Changing the contour
Function

You can change a previously created contour later.

If you want to create a contour that is similar to an existing contour, you can copy the
existing one, rename it and just alter selected contour elements.

Individual contour elements can be
® added,

® changed,

® inserted or

e deleted.

Procedure for changing a contour element

1. Open the part program or ShopMill program to be executed.

2. With the cursor, select the program block where you want to change the
contour. Open the geometry processor.

The individual contour elements are listed.

3. Position the cursor at the position where a contour element is to be
inserted or changed.

4. Select the desired contour element with the cursor.

5. Enter the parameters in the input screen or delete the element and
select a new element.
Ve 6. Press the "Accept" softkey.
__Accept The desired contour element is inserted in the contour or changed.

Procedure for deleting a contour element

1. Open the part program or ShopMill program to be executed.
2. Position the cursor on the contour element that you want to delete.
Delete 3. Press the "Delete element" softkey.
element
v 4. Press the "Delete" softkey.
Delete

Milling
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8.3.6 Contour call (CYCLEG62) - only for G code program

Function

The input creates a reference to the selected contour.

There are four ways

1. Contour name

to call the contour:

The contour is in the calling main program.

2. Labels

The contour is in the calling main program and is limited by the labels that have been

entered.

3. Subprogram

The contour is located in a subprogram in the same workpiece.

4. Labels in the subprogram

The contour is in a subprogram and is limited by the labels that have been entered.

Procedure
1. The subprogram to be edited has been created and you are in the
editor.
Cont. 2. Press the "Contour milling" softkey.
mill.
cont 3. Press the "Contour" and "Contour call" softkeys.
— The "Contour Call" input window opens.
Contour
call
4, Assign parameters to the contour selection.
Parameter Description Unit

Contour selection
Q

e Contour name
e Labels

e Subprogram

e Labels in the subprogram

Contour name

CON: Contour name

Labels

e LAB1: Label 1
e LAB2: Label 2

Milling
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Parameter Description Unit
Subprogram PRG: Subprogram
Labels in the e PRG: Subprogram
subprogram o LAB1: Label 1
e LAB2: Label 2
8.3.7 Path milling (CYCLE72)

Function

You can mill along any programmed contour with the "Path milling" cycle. The function
operates with cutter radius compensation. Machining can be performed in either direction,
i.e. in the direction of the programmed contour or in the opposite direction.

It is not imperative that the contour is closed. You can perform any of the following
operations:

® [nside or outside machining (on left or right of the contour).
® Machining along center-point path.

For machining in the opposite direction, contours must not consist of more than 170 contour
elements (incl. chamfers/radii). Special aspects (except for feed values) of free G code input
are ignored during path milling in the opposite direction to the contour.

Programming of arbitrary contours

394

The machining of arbitrary open or closed contours is generally programmed as follows:
1. Enter contour
You build up the contour gradually from a series of different contour elements.
2. Contour call (CYCLEG2)
You select the contour to be machined.
3. Path milling (roughing)

The contour is machined taking into account various approach and retract strategies.

4. Path milling (finishing)

If you programmed a finishing allowance for roughing, the contour is machined again.

5. Path milling (chamfering)

If you have planned edge breaking, chamfer the workpiece with a special tool.

Milling
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Path milling on right or left of the contour

A programmed contour can be machined with the cutter radius compensation to the right or
left. You can also select various modes and strategies of approach and retraction from the
contour.

Approach/retraction mode

The tool can approach or retract from the contour along a quadrant, semi-circle or straight
line.

e \With a quadrant or semi-circle, you must specify the radius of the cutter center point path.

e With a straight line, you must specify the distance between the cutter outer edge and the
contour starting or end point.

You can also program a mixture of modes, e.g. approach along quadrant, retract along semi-
circle.

Approach/retraction strategy
You can choose between planar approach/retraction and spatial approach/retraction:
® Planar approach:
Approach is first at depth and then in the machining plane.
® Spatial approach:
Approach is at depth and in machining plane simultaneously.
® Retraction is performed in reverse order.

Mixed programming is possible, for example, approach in the machining plane, retract
spatially.

Path milling along center-point path.

A programmed contour can also be machined along the center-point path if the radius
correction was switched-out. In this case, approaching and retraction is only possible along a
straight line or vertical. Vertical approach/retraction can be used for closed contours, for
example.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
Cont. 2. Press the "Contour milling" and "Path milling" softkeys.
mill. The "Path Milling" input window opens.
Path
milling
Milling
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Parameters, G code program Parameters, ShopMill program
PL Q@ | Machining plane T Tool name
RP Retraction plane mm D Cutting edge number
SC Safety clearance mm F Feedrate mm/min
mm/tooth
o
F Feedrate * S/V Spindle speed or constant rpm
cutting rate m/min
o
Parameter Description Unit
Machining eV (roughing)
(8 e VVV (finishing)
e Chamfering
Machining Machining in the programmed contour direction
direction e Forward:
© Machining is performed in the programmed contour direction
e Backward:
Machining is performed in the opposite direction to the programmed contour
Radius e Left (machining to the left of the contour)
compensation
1\
= &,
¢ Right (machining to the right of the contour)
1\
Ne
o Off
A programmed contour can also be machined on the center-point path. In this case,
approaching and retraction is only possible along a straight line or vertical. Vertical
approach/retraction can be used for closed contours, for example.
Z0 Reference point Z (abs or inc)
210 Final depth (abs) or final depth referred to Z0 (inc) - (only for V and VVV) mm
Dz Maximum depth infeed - (only for V and VVV) mm
uz Depth finishing allowance - (only for V) mm
FS Chamfer width for chamfering (inc) - (for chamfering only) mm
ZFS Insertion depth of tool tip (abs or inc) - (for chamfering only) mm
Uxy Finishing allowance, plane - (only for V and G code, not for radius compensation off) mm
Milling
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Parameter Description Unit
Approach Planar approach mode:
O e Straight line:
Slope in space
e Quadrant:
Part of a spiral (only with path milling left and right of the contour)
e Semi-circle:
Part of a spiral (only with path milling left and right of the contour)
e Perpendicular:
Perpendicular to the path (only with path milling on the center-point path)
Approach strategy | ¢  Axis by axis
©
e Spatial (only for "quadrant, semi-circle or straight line" approach)
R1 Approach radius - (only for "quadrant or semi-circle" approach) mm
L1 Approach distance - (only for "straight line" approach) mm
Retraction Planar retraction mode:
O e Straight line
¢ Quadrant:
Part of a spiral (only with path milling left and right of the contour)
e Semi-circle:
Part of a spiral (only with path milling left and right of the contour)
Retraction e Axis by axis
strategy
;
e Spatial (not with perpendicular approach mode)
R2 Retraction radius - (only for "quadrant or semi-circle" retraction) mm
L2 Retraction distance - (only for "straight line" retraction) mm
Lift mode If more than one depth infeed is necessary, specify the retraction height to which the
tool retracts between the individual infeeds (at the transition from the end of the contour
o to the start).
Lift mode before new infeed
e Z0 + safety clearance
e By the safety clearance
e toRP
¢ No retraction
Milling
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Parameter Description Unit
FZQ Depth infeed rate — (only for axis-by-axis approach strategy) mm/min
(only for ShopMill) mm/tooth
FZ - (only for G Depth infeed rate — (only for axis-by-axis approach strategy) *
code)
FS Chamfer width for chamfering - (only for chamfering machining) mm
ZFS 1O Insertion depth of tool tip (abs or inc) - (for machining only) mm
* Unit of feedrate as programmed before the cycle call
Note
Cylinder surface transformation with slot side compensation
For cylinder surface transformation with selected slot side compensation and
approach/retraction in quadrant or semi-circle, the approach/retraction radius must be
greater than “Offset to programmed path — tool radius”.
8.3.8 Contour pocket/contour spigot (CYCLE63/64)

Contours for pockets or islands

Contours for pockets or islands must be closed, i.e. the starting point and end point of the
contour are identical. You can also mill pockets that contain one or more islands. The islands
can also be located partially outside the pocket or overlap each other. The first contour you
specify is interpreted as the pocket contour and all the others as islands.

Automatic calculation / manual input of the starting point
Using "Automatic starting point" you have the option of calculating the optimum plunge point.

By selecting "Manual starting point", you define the plunge point in the parameter screen.

If the islands and the miller diameter, which must be plunged at various locations, are
obtained from the pocket contour, then the manual entry only defines the first plunge point;
the remaining plunge points are automatically calculated.

Contours for spigots

398

Contours for spigots must be closed, i.e. the starting point and end point of the contour are
identical. You can define multiple spigots that can also overlap. The first contour specified is
interpreted as a blank contour and all others as spigots.
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Machining

8.3 Contour mifling

You program the machining of contour pockets with islands/blank contour with spigots, e.g.
as follows:

1.
2.

© ® N o 0 &

Enter the pocket contour/blank contour
Enter the island/spigot contour

Call the contour for pocket contour/blank contour or island/spigot contour (only for G code
program)

Center (this is only possible for pocket contour)
Predrill (this is only possible for pocket contour)

Solid machine/machine pocket / spigot - roughing
Solid machine/machine remaining material - roughing
Finishing (base/edge)

Chamfering

Note

The following error messages can occur when chamfering inside contours:
Safety clearance in the program header too large
This error message appears when chamfering would, in principle, be possible with the

parameters entered for FS and ZFS, but the safety clearance then could not be
maintained.

Immersion depth too large

This error message appears when chamfering would be possible through the reduction of
the immersion depth ZFS.

Tool diameter too large

This error message appears when the tool would already damage the edges during
insertion. In this case, the chamfer FS must be reduced.

Software option
E For solid machining residual material, you require the option "residual material

Milling

detection and machining".
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Name convention

For multi-channel systems, cycles attach a"_C" and a two-digit number of the specific
channel to the names of the programs to be generated, e.g. for channel 1 "_C01". This is the
reason that the name of the main program must not end with "_C" and a two-digit number.
This is monitored by the cycles.

For single-channel systems, cycles do not extend the name of the programs to be
generated.

Note
G code programs

For G code programs, the programs to be generated, which do not include any path data,
are saved in the directory in which the main program is located. In this case, it must be
ensured that programs, which already exist in the directory and which have the same name
as the programs to be generated, are overwritten.

8.3.9 Predrilling contour pocket (CYCLEG4)

Role

Programming

400

In addition to predrilling, the cycle can be used for centering. The centering or predrilling
program generated by the cycle is called for this purpose.

The number and positions of the required predrilled holes depends on the specific
conditions, e.g. type of contour, tool, plane infeed, finishing allowances.

If you mill several pockets and want to avoid unnecessary tool changes, predrill all the
pockets first and then remove the stock. In this case, for centering/predrilling, you also have
to enter the parameters that appear when you press the "All parameters" softkey. These
parameters must correspond to the parameters from the previous stock removal step.

When programming, proceed as follows:
Contour pocket 1

Centering

Contour pocket 2

Centering

Contour pocket 1

Predrilling

Contour pocket 2

© N o Ok~ w DN =

Predrilling

Milling
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8.3 Contour mifling

9. Contour pocket 1
10.Stock removal
11.Contour pocket 2
12.Stock removal

If you are doing all the machining for the pocket at once, i.e. centering, rough-drilling and
removing stock directly in sequence, and do not set the additional parameters for
centering/rough-drilling, the cycle will take these parameter values from the stock removal
(roughing) machining step. When programming in G code, these values must be specifically
re-entered.

Procedure when centering

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

Cont. 2. Press the "Cont. mill.", "Predrilling", and "Centering" softkeys.

mill. The "Centering" input window opens.
Rough
drill
Centering

Parameters, G code program Parameters, ShopMill program

PRG Name of the program to be generated T Tool name

PL Machining plane D Cutting edge number

o

Milling direction |e Synchronous F Feedrate mm/min
9] operation o mm/tooth

e Up-cut operation
RP Retraction plane mm S/V Spindle speed or constant rom
cutting rate m/min
o

SC Safety clearance mm

F Feedrate mm/min

Parameter Description Unit
TR Reference tool Tool, which is used in the "Stock removal" machining step. This is used

to determine the plunge position.

Z0 Reference point Z mm
2110 Depth with reference to Z0 (inc.) mm
Milling
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Parameter Description Unit
DXY e Maximum plane infeed mm
0,
(8] e Maximum plane infeed as a percentage of the milling cutter diameter %
UXxy Finishing allowance, plane mm
Lift mode Lift mode before new infeed
0 If the machining operation requires several points of insertion, the retraction height to
which the tool is retracted, is selected as follows:
e Toretraction plane mm
e Z0 + safety clearance mm
If there are no elements larger than Z0 in the pocket area, "Z0 + safety clearance" can
be selected as the lift mode.
Predrilling procedure
1. The part program or ShopMill program to be processed has been

created and you are in the editor.

Cont. 2. Press the "Cont. mill.", "Predrilling", and "Predrilling" softkeys.

mill. The "Predrilling" input window opens.
Rough
drill
Rough
drill

Parameters, G code program Parameters, ShopMill program
PRG Name of the program to be generated T Tool name
PL Machining plane D Cutting edge number
9]
Milling direction i@ | e« Synchronous F Feedrate mm/min

operation 0 mm/tooth

e Up-cut

operation

RP Retraction plane mm S/V Spindle speed or constant rrm
cutting rate m/min
9]
SC Safety clearance mm
F Feedrate mm/min
Milling
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8.3 Contour mifling

Parameter Description Unit
TR Reference tool Tool, which is used in the "Stock removal" machining step. This is used

to determine the plunge position.
Z0 Reference point in the tool axis Z mm
2110 Pocket depth (abs) or depth referred to Z0 (inc) mm
DXY e Maximum plane infeed mm
QO ¢ Maximum plane infeed as a percentage of the milling cutter diameter %
Uxy Finishing allowance, plane mm
uz Finishing allowance, depth mm
Lift mode Lift mode before new infeed
O If tr_1e machining operation requires several points of insertion, the retraction height to

which the tool is retracted, is selected as follows:

e Toretraction plane mm

e Z0 + safety clearance mm

If there are no elements larger than Z0 in the pocket area, "Z0 + safety clearance" can

be selected as the lift mode.

8.3.10 Milling contour pocket (CYCLEG3)

Function

Before you can machine a pocket with islands, you must enter the contour of the pocket and
islands. The first contour you specify is interpreted as the pocket contour and all the others
as islands.

From the programmed contours and the input screen form for stock removal, the cycle
generates a program that removes the pockets with islands from inside to outside in parallel
to the contour.

The islands can also be located partially outside the pocket or overlap each other.

Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
Cont. 2. Press the "Contour milling" and "Pocket" softkeys.
mill. The "Mill pocket" input window opens.
Pocket
Milling
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Parameters, G code program

Parameters, ShopMill program

PRG Name of the program to be generated T Tool name
PL Machining plane D Cutting edge number
o
Milling direction i@ | e Climbing F Feedrate mm/min
cutting o mm/tooth
e Conventional
cutting
RP Retraction plane mm S/V Spindle speed or constant rom
cutting rate m/min
9]
SC Safety clearance mm
F Feedrate mm/min
Parameter Description Unit
Machining The following machining operations can be selected:
O e V (roughing)
e VVV base (base finishing)
e VVV edge (edge finishing)
e Chamfering
Z0 Reference point in the tool axis Z mm
210 Pocket depth (abs) or depth relative to Z0 (inc) mm
- (only for V, VVV base or VVV edge)
DXY e Maximum plane infeed mm
(8] e Maximum plane infeed as a percentage of the milling cutter diameter %
- (only for V or VVV base)
Dz Maximum depth infeed — (only for V or VVV edge) mm
UXYy Plane finishing allowance — (only for V, VVV base or VVV edge) mm
uz Depth finishing allowance — (only for V or VVV base) mm
Starting pointiQ e Manual
Starting point is manually entered
e Automatic
Starting point is automatically calculated
- (only for V or VVV base)
XS Starting point X - (only for "manual” starting point) mm
YS Starting point Y - (only for "manual” starting point) mm
Milling
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Parameter Description Unit
Insertion The following insertion modes can be selected — (only for V, VVV base or VVV edge):
3 ¢ Vertical insertion

The calculated current infeed depth is executed at the calculated position for
"automatic" starting point — or at the specified position for "manual” starting point.

Note:
This setting can be used only if the cutter can cut across center or if the pocket has
been predrilled.
¢ Helical insertion
The cutter center point traverses along the helical path determined by the radius

and depth per revolution (helical path). If the depth for one infeed has been
reached, a full circle motion is executed to eliminate the inclined insertion path.

¢ Oscillating insertion
The cutter center point oscillates back and forth along a linear path until it reaches

the depth infeed. When the depth has been reached, the path is traversed again
without depth infeed in order to eliminate the inclined insertion path.

FZ O (only for Depth infeed rate — (only for perpendicular insertion and V) mm/min
ShopMill) mm/tooth
FZ (only for G Depth infeed rate — (only for perpendicular insertion and V) *
code)
EP Maximum pitch of helix — (for helical insertion only) mm/rev
ER Radius of helix — (for helical insertion only) mm
The radius cannot be any larger than the cutter radius; otherwise, material will remain.
EW Maximum insertion angle — (for insertion with oscillation only) Degrees
Lift mode Lift mode before new infeed - (only for V, VVV base or VVV edge)
0 If the machining operation requires several points of insertion, the retraction height to
which the tool is retracted, is selected as follows:
e To retraction plane
mm
e Z0 + safety clearance mm
If there are no elements larger than Z0 in the pocket area, "Z0 + safety clearance" can
be selected as the lift mode.
FS Chamfer width for chamfering - (only for chamfering machining) mm
ZFS 0 Insertion depth of tool tip (abs or inc) - (for machining only) mm
* Unit of feedrate as programmed before the cycle call
Note
When input manually, the starting point can also be located outside the pocket. This can be
useful, for example, when machining a pocket which is open on one side. The machining
operation then begins without insertion with a linear movement into the open side of the
pocket.
Milling
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8.3.11

Function

Procedure

406

Residual material contour pocket (CYCLEG3)

When you have removed stock from a pocket (with/without islands) and there is residual
material, then this is automatically detected. You can use a suitable tool to remove this
residual material without having to machine the whole pocket again, i.e. avoiding
unnecessary non-productive motion. Material that remains as part of the finishing allowance
is not residual material.

The residual material is calculated on the basis of the milling cutter used for stock removal.

If you mill several pockets and want to avoid unnecessary tool changes, remove stock from
all the pockets first and then remove the residual material. In this case, for removing the
residual material, you also have to enter a value for the reference tool TR parameter, which,
for the ShopMill program, additionally appears when you press the "All parameters” softkey.
When programming, you must then proceed as follows:

1. Contour pocket 1

Stock removal

Contour pocket 2

Stock removal

Contour pocket 1
Remove residual material

Contour pocket 2

© N o ok~ wDd

Remove residual material

Software option
E For Stock removal residual material, you require the option "residual material
detection and machining".

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

Cont. 2. Press the "Contour milling" and "Pocket Res. Mat." softkeys.
mill. The "Pocket Res. Mat." input window opens.

Pocket
res.mat.

All para- 3. For the ShopMill program, press the "All parameters" softkey if you
meters want to enter additional parameters.

Milling
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Parameters, G code program Parameters, ShopMill program
PRG Name of the program to be generated T Tool name
PL Machining plane F Feedrate mm/min
mm/tooth
o o
Milling direction @ | e Synchronous S/V Spindle speed or constant cutting | rpm
i rate m/min
operation O
e Up-cut
operation
RP Retraction plane mm
SC Safety clearance mm
F Feedrate mm/min
Parameter Description Unit
Machining The following machining operations can be selected:
V (roughing)
TR Reference tool Tool, which is used in the "Stock removal" machining step. Is used to
determine the residual material.
DO Cutting edge number
20 Reference point in the tool axis Z mm
2110 Pocket depth (abs) or depth referred to Z0 (inc) mm
DXY © e Maximum plane infeed mm
0,
¢ Maximum plane infeed as a percentage of the milling cutter diameter L
Dz Maximum depth infeed mm
Uxy Finishing allowance, plane mm
uz Finishing allowance, depth mm
Lift mode Lift mode before new infeed
0 If the machining operation requires several points of insertion, the retraction height to
which the tool is retracted, is selected as follows:
mm
e To retraction plane
mm
e Z0 + safety clearance
If there are no elements larger than Z0 in the pocket area, "Z0 + safety clearance" can
be selected as the lift mode.

Milling
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8.3.12 Milling contour spigot (CYCLEG63)
Function

You can mill any spigot using the "Mill spigot" cycle.

Before you mill the spigot, you must first enter a blank contour and then one or more spigot
contours. The blank contour defines the area, outside of which there is no material, i.e. the
tool moves with rapid traverse there. Material is then removed between the blank contour
and spigot contour.

Machining type

You can select the machining mode (roughing, base finishing, edge finishing, chamfer) for
milling. If you want to rough and then finish, you have to call the machining cycle twice
(Block 1 = roughing, Block 2 = finishing). The programmed parameters are retained when
the cycle is called for the second time.

Approach/retraction

1. The tool approaches the starting point in rapid traverse at the height of the retraction
plane and goes to the safety clearance. The cycle calculates the starting point.

2. The tool first infeeds to the machining depth and then approaches the spigot contour from
the side in a quadrant at machining feedrate.

3. The spigot is machined in parallel with the contours from the outside in. The direction is
determined by the machining direction (climbing or conventional).

4. When the first plane of the spigot has been machined, the tool retracts from the contour
in a quadrant and then infeeds to the next machining depth.

5. The spigot is again approached in a quadrant and machine in parallel with the contours
from outside in.

6. Steps 4 and 5 are repeated until the programmed spigot depth is reached.

7. The tool moves back to the safety clearance in rapid traverse.

Procedure

1. The part program or ShopMill program to be processed has been
created and you are in the editor.

Cont. 2. Press the "Contour milling" and "Spigot" softkeys.
mill. The "Mill spigot" input window opens.
Multi- edge
spigot

3. Select the "Roughing" machining type.

Milling
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Parameters, G code program Parameters, ShopMill program
PRG Name of the program to be generated T Tool name
PL Machining plane D Cutting edge number
o
Milling direction @ | e Climbing F Feedrate mm/min
cutting o mm/tooth
e Conventional
cutting
RP Retraction plane mm S/V Spindle speed or constant rom
cutting rate m/min
o
SC Safety clearance mm
F Feedrate mm/min
Parameter Description Unit
Machining The following machining operations can be selected:
O e V (roughing)
e VVV base (base finishing)
e VVV edge (edge finishing)
e Chamfering
20 Reference point in the tool axis Z mm
2110 Pocket depth (abs) or depth relative to Z0 (inc) mm
- (only for V, VVV base or VVV edge)
DXY e Maximum plane infeed mm
(8] ¢ Maximum plane infeed as a percentage of the milling cutter diameter %
- (only for V and VVV base)
DZ Maximum depth infeed — (only for V or VVV edge) mm
uUxy Plane finishing allowance — (only for V, VVV base or VVV edge) mm
uz Depth finishing allowance — (only for V or VVV base) mm
Lift mode Lift mode before new infeed
0 If the machining operation requires several points of insertion, the retraction height to
which the tool is retracted, is selected as follows:
e To retraction plane mm
e Z0 + safety clearance mm
If there are no elements larger than Z0 (XO0) in the pocket area, then Z0 (X0) + safety mm
clearance can be programmed as the lift mode.
FS Chamfer width for chamfering - (only for chamfering machining) mm
ZFS IO Insertion depth of tool tip (abs or inc) - (for machining only) mm
Milling
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8.3.13 Residual material contour spigot (CYCLEG3)
Function

When you have milled a contour spigot and residual material remains, then this is
automatically detected. You can use a suitable tool to remove this residual material without
having to machine the whole spigot again, i.e. avoiding unnecessary non-productive motion.
Material that remains as part of the finishing allowance is not residual material.

The residual material is calculated on the basis of the milling cutter used for clearing.

If you mill several spigots and want to avoid unnecessary tool changes, clear all the spigots
first and then remove the residual material. In this case, for removing the residual material,
you also have to enter a value for the reference tool TR parameter, which, for the ShopMill
program, additionally appears when you press the "All parameters” softkey. When
programming, you must then proceed as follows:

1. Contour blank 1
Contour spigot 1
Clear spigot 1
Contour blank 2
Contour spigot 2
Clear spigot 2

Contour blank 1

© N o g~ wDd

Contour spigot 1
9. Clear residual material spigot 1
10.Contour blank 2
11.Contour spigot 2

12.Clear residual material spigot 2

Software option
E For removing residual material, you require the option "residual material
detection and machining".

Milling
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Procedure
1. The part program or ShopMill program to be processed has been
created and you are in the editor.
Cont. 2. Press the "Contour milling" and "Spigot Res. Mat." softkeys.
mill. The "Spigot Res. Mat." input window opens.
Spigot
res. mat.
All para- 3. For the ShopMill program, press the "All parameters" softkey if you
meters want to enter additional parameters.
Parameters, G code program Parameters, ShopMill program
PRG Name of the program to be generated T Tool name
PL Machining plane F Feedrate mm/min
mm/tooth
O O
Milling direction [@ | e Synchronous S/V Spindle speed or constant rpm
i cutting rate m/min
operation O
e Up-cut
operation
RP Retraction plane mm
SC Safety clearance mm
F Feedrate mm/min
Parameter Description Unit
TR Reference tool Tool, which is used in the "Stock removal" machining step. This is used
to determine the residual corners.
D Cutting edge number
Z0 Reference point in the tool axis Z mm
2110 Pocket depth (abs) or depth referred to Z0 (inc) mm
DXY e Maximum plane infeed mm
0,
(8] ¢ Maximum plane infeed as a percentage of the milling cutter diameter %
Dz Maximum depth infeed mm
Lift mode Lift mode before new infeed
0 If the machining operation requires several points of insertion, the retraction height to
which the tool is retracted, is selected as follows:
e Toretraction plane mm
e Z0 + safety clearance mm
If there are no elements larger than Z0 in the pocket area, "Z0 + safety clearance" can
be selected as the lift mode.
Milling
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8.4 Turning - only for G code programs

8.4.1 General

In all turning cycles apart from contour turning (CYCLE95), in the combined roughing and
finishing mode, when finishing it is possible to reduce the feedrate as a percentage.

Machine manufacturer
{g} Please also refer to the machine manufacturer's specifications.

8.4.2 Stock removal (CYCLE951)
8.4.2.1 Function
Function

You can use the "Stock removal" cycle for longitudinal or transverse stock removal of
corners at outer or inner contours.

Note
Removing stock from corners

For this cycle, the safety clearance is additionally limited using setting data. The lower value
is taken for machining.

Please refer to the machine manufacturer's specifications.

Milling
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Machining method

8.4 Turning - only for G code programs

® Roughing

In roughing applications, paraxial cuts are machined to the finishing allowance that has
been programmed. If no finishing allowance has been programmed, the workpiece is
roughed down to the final contour.

During roughing, the cycle reduces the programmed infeed depth D if necessary so that it
is possible for cuts of an equal size to be made. For example, if the overall infeed depth is
10 and you have specified an infeed depth of 3, this would result in cuts of 3, 3, 3 and 1.
The cycle would reduce the infeed depth to 2.5 to create 4 equally sized cuts.

The angle between the contour and the tool cutting edge determines whether the tool
rounds the contour at the end of each cut by the infeed depth D, in order to remove
residual corners, or is raised immediately. The angle beyond which rounding is performed
is stored in a machine data element.

Machine manufacturer
%} Please also refer to the machine manufacturer's instructions.

If the tool does not round the corner at the end of the cut, it is raised by the safety distance
or a value specified in the machine data at rapid traverse. The cycle always observes the
lower value; otherwise, stock removal at inner contours, for example, could cause the
contour to be damaged.

Machine manufacturer
%ﬁ% Please also refer to the machine manufacturer's instructions.

® Finishing

Finishing is performed in the same direction as roughing. The cycle automatically selects
and deselects tool radius compensation during finishing.

Procedure
1. The part program to be processed has been created and you are in the
editor.
o Tumn- 2. Press the "Turning" softkey.
= ing
Stock 3. Press the "Stock removal" softkey.
removal The "Stock Removal" input window opens.
4, Select one of the three stock removal cycles via the softkeys:
L Simple straight stock removal cycle.
' The "Stock removal 1" input window opens.
-OR -
Milling
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Straight stock removal cycle with radii or chamfers.

The "Stock removal 2" input window opens.

-OR -

Stock removal cycle with oblique lines, radii, or chamfers.
The "Stock Removal 3" input window opens.

414

Parameters, G code program Parameters, ShopMill program
PL ©Q | Machining plane T
SC Safety clearance mm D Cutting edge number
F Feedrate * F Feedrate mm/min
O mm/rev
S/V | Spindle speed or constant cutting rate | rpm
(5 m/min
Parameter Description Unit
Retraction e No
(for ShopMill program) The axis is not retracted before swiveling
o 7
Retraction in the direction of machine axis Z
o Z XY
Move machining axes to retraction position before swiveling
e Tool direction, max.
Maximum retraction (up to the software end position) in the tool direction
e Tool direction, inc.
Incremental retraction (specified retraction distance, up to the software end
position) in the tool direction
When retracting in the tool direction, in the swiveled machine state, several axes
can move (travel).
ZR Retraction path - only for incremental retraction in the tool direction
(for ShopMill program)
Align tool through beta and gamma angles
Milling
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Parameter Description Unit
B Align tool with swivel axes Degrees
(for ShopMill program) | e Input value
o The required angle can be freely entered
e B=0°
+
e [B=090°
Fa
\% e 0° Degrees
(for ShopMill program) |4 180°
O e The required angle can be freely entered
Directly position rotary axes
B1 Directly align tool with swivel axes: Degrees
(for ShopMill program) | The required angle can be freely entered
C1 The required angle can be freely entered Degrees
(for ShopMill program)
aC Rotational position for a pole position Degrees

(for ShopMill program)

Hirth tooth system (for
ShopMill program)

¢ Round off to the next Hirth tooth system for a minimum beta difference

¢

e Round beta up

~

e Round beta down
v

Note:
For machines with Hirth gearing

Tool Tool tip when swiveling
o e Tracking
¥
The position of the tool tip is maintained during swiveling.
e No tracking
A
The position of the tool tip is not maintained during swiveling.
Machining e V (roughing)
o e VVV (finishing)
Milling
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Parameter Description Unit
Position Stock removal position:
© o
i
“F
%
Machining Stock removal direction (longitudinal or transverse) in the coordinate system
direction Parallel to the Z axis (longitudinal) Parallel to the X axis (transverse)
o external internal external internal
X4 Xk X ) . Xk
L
- -
X4 x4 X X b
% Z 7 I o Fid Z = 7
- —
X0 Reference point in X & (abs, always diameter) mm
Z0 Reference point in Z (abs) mm
X110 End point X (abs) or end point X in relation to X0 (inc) mm
2110 End point Z & (abs) or end point Z in relation to Z0 (inc) mm
D Maximum depth infeed — (not for finishing) mm
UX Finishing allowance in X — (not for finishing) mm
uz Finishing allowance in Z — (not for finishing) mm
FS1..FS3 or R1...R3 Chamfer width (FS1...FS3) or rounding radius (R1...R3) - (not for mm
(5] stock removal 1)
(5] Parameter selection of intermediate point
The intermediate point can be determined through position specification or angle.
The following combinations are possible - (not for stock removal 1 and 2)
¢ XMZM
e XMat
e XM a2
e al1ZM
e 02ZM
e ala2
XM O Intermediate point X & (abs) or intermediate point X in relation to X0 (inc) mm
ZM QO Intermediate point Z (abs or inc) mm
al Angle of the 1st edge Degrees
a2 Angle of the 2nd edge Degrees
* Unit of feedrate as programmed before the cycle call
Milling
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8.4.3 Groove (CYCLE930)
8.4.3.1 Function
Function

You can use the "Groove" cycle to machine symmetrical and asymmetrical grooves on any
straight contour elements.

You have the option of machining outer or inner grooves, longitudinally or transversely
(face). Use the "Groove width" and "Groove depth" parameters to determine the shape of the
groove. If a groove is wider than the active tool, it is machined in several cuts. The tool is
moved by a maximum of 80% of the tool width for each groove.

You can specify a finishing allowance for the groove base and the flanks; roughing is then
performed down to this point.

The dwell time between recessing and retraction is stored in a setting data element.

Machine manufacturer
{é} Please also refer to the machine manufacturer's specifications.

Approach/retraction during roughing
Infeed depth D > 0
The tool first moves to the starting point calculated internally in the cycle at rapid traverse.
The tool cuts a groove in the center of infeed depth D.
The tool moves back by D + safety clearance with rapid traverse.
The tool cuts a groove next to the first groove with infeed depth 2 - D.

The tool moves back by D + safety clearance with rapid traverse.

o o~ 0w Db =2

The tool cuts alternating in the first and second groove with the infeed depth 2 - D, until
the final depth T1 is reached.

Between the individual grooves, the tool moves back by D + safety clearance with rapid
traverse. After the last groove, the tool is retracted at rapid traverse to the safety
distance.

7. All subsequent groove cuts are made alternating and directly down to the final depth T1.
Between the individual grooves, the tool moves back to the safety distance at rapid
traverse.
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Approach/retraction during finishing

1. The tool first moves to the starting point calculated internally in the cycle at rapid traverse.

2. The tool moves at the machining feedrate down one flank and then along the bottom to
the center.

3. The tool moves back to the safety distance at rapid traverse.

4. The tool moves at the machining feedrate along the other flank and then along the bottom
to the center.

5. The tool moves back to the safety distance at rapid traverse.

Procedure
1. The part program to be processed has been created and you are in the
editor.
& Turn- 2. Press the "Turning" softkey.
= ing
3. Press the "Groove" softkey.
Groove " " .
The "Groove" input window opens.
4, Select one of the three groove cycles with the softkey:
u Simple groove cycle
The "Groove 1" input window opens.
-OR -
u Groove cycle with inclines, radii, or chamfers.
The "Groove 2" input window opens.
-OR -
I Groove cycle on an incline with inclines, radii or chamfers.
The "Groove 3" input window opens.
Parameters, G code program Parameters, ShopMill program
PL @ | Machining plane T
SC Safety clearance mm D Cutting edge number
F Feedrate * F Feedrate mm/min
O mm/rev
S/V Spindle speed or constant cutting rate rem
(§) m/min
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Parameter Description Unit
Retraction e No
(for ShopMill program) The axis is not retracted before swiveling
o 7
Retraction in the direction of machine axis Z
o ZXY
Move machining axes to retraction position before swiveling
e Tool direction, max.
Maximum retraction (up to the software end position) in the tool direction
e Tool direction, inc.
Incremental retraction (specified retraction distance, up to the software end
position) in the tool direction
When retracting in the tool direction, in the swiveled machine state, several axes
can move (travel).
ZR Retraction path - only for incremental retraction in the tool direction mm
(for ShopMill program)
Align tool through beta and gamma angles
B Align tool Degrees
(For ShopMill program | e Input value
)
0 The required angle can be freely entered
e [(=090°
+
B=0°
Fa
Y e 0°
(for ShopMill program) |4 180°
O e The required angle can be freely entered
Directly position rotary axes
B1 Directly align the tool with the swiveling axes: Degrees
(for ShopMill program) The required angle can be freely entered
C1 Directly align tool with swivel axes: Degrees
(for ShopMill program) | The required angle can be freely entered
aC Rotational position for a pole position
(for ShopMill program)
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Parameter Description Unit
Hirth tooth system ¢ Round to the next Hirth gearing
(for ShopMill program) |

v

¢ Round to Hirth gearing

'

e Round to Hirth gearing

'
Tool Tool tip when swiveling
9] e Tracking

fﬂ'&

The position of the tool tip is maintained during swiveling.
e No tracking
ILEJ
The position of the tool tip is not maintained during swiveling.

Machining eV (roughing)
o e VVV (finishing)

e V +VVV (roughing and finishing)
Position Groove position/reference point:
o

e
X0 Reference point in X & mm
Z0 Reference pointin Z mm
B1 Groove width mm
T Groove depth & (abs) or groove depth referred to X0 or Z0 (inc) mm
al, a2 Edge angle 1 or edge angle 2 - (only for grooves 2 and 3) Degrees

Asymmetric grooves can be described by separate angles. The angles can be

between 0 and < 90°.
a0 Angle of inclinations — (only for groove 3) Degrees
FS1..FS4 or R1...R4 Chamfer width (FS1...FS4) or rounding radius (R1...R4) - (only for grooves 2 and mm

9]

3)
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8.4 Turning - only for G code programs

Parameter Description Unit

D ¢ Maximum depth infeed for insertion — (only for V.and V + VVV) mm
e For zero: Insertion in a cut — (only for Vand V + VVV)
D = 0: 1st cut is made directly to final depth T1

D > 0: 1st and 2nd cuts are made alternately to infeed depth D, in order to achieve
a better chip flow and prevent the tool from breaking, refer to
approaching/retraction when roughing.

Alternate cutting is not possible if the tool can only reach the groove base at one

position.
UXorU Q Finishing allowance in X or finishing allowance in X and Z — (only for Vand V + mm
VVV)
uz Finishing allowance in Z — (for UX, only for V.and V + VVV) mm
N Number of grooves (N = 1....65535)
DP Distance between grooves (inc) mm

DP is not displayed when N = 1

* Unit of feedrate as programmed before the cycle call
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Undercut form E and F (CYCLE940)

You can use the "Undercut form E" or "Undercut form F" cycle to turn form E or F undercuts
in accordance with DIN 509.

1. The tool first moves to the starting point calculated internally in the cycle at rapid traverse.

2. The undercut is made in one cut at the machining feedrate, starting from the flank
through to the cross-feed VX.

3. The tool moves back to the starting point at rapid traverse.

8.4.4

8.4.41 Function
Function
Approach/retraction
Procedure

A Turn-
= ing

lindercut

lindercut
form E

indercut
form F

n

The part program or ShopMill program to be processed has been
created and you are in the editor.

Press the "Turning" softkey.

Press the "Undercut" softkey.
The "Undercut" input window opens.

Select one of the following undercut cycles via the softkeys:
Press the "Undercut form E" softkey.

The "Undercut form E (DIN 509)" input window opens.
-OR -

Press the "Undercut form F" softkey.

The "Undercut form F (DIN 509)" input window opens.

Parameters, G code program (undercut, form E)

PL Q | Machining plane T
SC Safety clearance mm D Cutting edge number
F Feedrate * F Feedrate mm/min
9] mm/rev
S/V Spindle speed or rpm
§) Constant cutting rate m/min
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8.4 Turning - only for G code programs

Parameter Description Unit
Retraction e No
(:;w ShopMill program) The axis is not retracted before swiveling
o 7
Retraction in the direction of machine axis Z
o ZXY
Move machining axes to retraction position before swiveling
e Tool direction, max.
Maximum retraction (up to the software end position) in the tool direction
e Tool direction, inc.
Incremental retraction (specified retraction distance, up to the maximum
software end position) in the tool direction
When retracting in the tool direction, in the swiveled machine state, several axes
can move (travel).
ZR Retraction path - only for incremental retraction in mm
(for ShopMill program)
Align tool through beta and gamma angles
B Align tool with swivel axes degrees
(for ShopMill program) | e Input value
o The required angle can be freely entered
e B=0°
+
e [(=090°
Fa
Y o 0° degrees
(for ShopMill program) |4 180°
o e The required angle can be freely entered
Directly position rotary axes
B1 Directly align the tool with the swiveling axes: degrees
(for ShopMill program) ]
The required angle can be freely entered
C1 The required angle can be freely entered degrees
(for ShopMill program)
aC Rotational position for a pole position degrees
(for ShopMill program)
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Parameter Description Unit
Hirth tooth system ¢ Round to the next Hirth gearing
- &
e Round to Hirth gearing
Fas
e Round to Hirth gearing
'
Note:
For machines with Hirth tooth system
Position Form E machining position:
9]
b
i<
o
7
(5] Undercut size according to DIN table:
E.g.: E1.0 x 0.4 (undercut form E)
X0 Reference point X & mm
Z0 Reference point Z mm
X1 Allowance in X & (abs) or allowance in X (inc) mm
o
UX Cross feed & (abs) or cross feed (inc) mm
O
* Unit of feedrate as programmed before the cycle call
Parameters, G code program (undercut, form F)
PL @ | Machining plane T
SC Safety clearance mm D Cutting edge number
F Feedrate * F mm/min
9] mm/rev
S/V Spindle speed or rpm
§) Constant cutting rate m/min
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8.4 Tumning - only for G code programs

Parameter Description Unit

Retraction e No

(for ShopMill program) The axis is not retracted before swiveling

o .« 7
Retraction in the direction of machine axis Z
e Z XY
Move machining axes to retraction position before swiveling
e Tool direction, max.
Maximum retraction (up to the software end position) in the tool direction
e Tool direction, inc.
Incremental retraction (specified retraction distance, up to the software end
position) in the tool direction
When retracting in the tool direction, in the swiveled machine state, several axes
can move (travel).
Position Form F machining position:

° 03
5
Ve
2

8 Undercut size according to DIN table:

e.g.: F0.6 x 0.3 (undercut form F)
X0 Reference point X & mm
Z0 Reference point Z mm
X110 Allowance in X & (abs) or allowance in X (inc) mm
210 Allowance in Z (abs) or allowance in Z (inc) — (for undercut form F only) mm
VX0 Cross feed & (abs) or cross feed (inc) mm

* Unit of feedrate as programmed before the cycle call
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8.4 Turning - only for G code programs

8.4.5 Thread undercut (CYCLE940)
8451 Function
Function

The "Thread undercut DIN" or "Thread undercut" cycle is used to program thread undercuts
to DIN 76 for workpieces with a metric ISO thread, or freely definable thread undercuts.

Approach/retraction
1. The tool first moves to the starting point calculated internally in the cycle at rapid traverse.

2. The first cut is made at the machining feedrate, starting from the flank and traveling along
the shape of the thread undercut as far as the safety distance.

3. The tool moves to the next starting position at rapid traverse.
4. Steps 2 and 3 are repeated until the thread undercut is finished.
5. The tool moves back to the starting point at rapid traverse.

During finishing, the tool travels as far as cross-feed VX.

Procedure
1. The part program to be processed has been created and you are in the
editor.
& Turn- 2. Press the "Turning" softkey.
= ing
3. Press the "Undercut" softkey.
Undercut

Undercut 4. Press the "Thread undercut DIN" softkey.

thrd DIN The "Thread Undercut (DIN 76)" input window opens.
-OR -
Undercut Press the "Thread undercut" softkey.
thread The "Thread Undercut" input window opens.
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8.4 Turning - only for G code programs

Parameters, G code program (undercut, thread DIN)

PL I | Machining plane
SC Safety clearance mm
F Feedrate *
Parameter Description Unit
Machining eV (roughing)
o e VVV (finishing)
e V + VVV (roughing and finishing)
Position Machining position:
o

Machining e Longitudinal
direction@ o Parallel to the contour
Form 0 e Normal (form A)
e Short (form B)
PO Thread pitch (select from the preset DIN table or enter) mm/rev
X0 Reference point X & mm
Z0 Reference point Z mm
a Insertion angle Degrees
VX IO Cross feed & (abs) or cross feed (inc) - (only for VVV and V + VVV) mm
D Maximum depth infeed — (only for V.and V + VVV) mm
UorUuXx i Finishing allowance in X or finishing allowance in X and Z — (only for Vand V + mm
VW)
uz Finishing allowance in Z — (only for UX, Vand V + VVV) mm
* Unit of feedrate as programmed before the cycle call
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8.4 Turning - only for G code programs

Parameters, G code program (undercut, thread)
PL @ | Machining plane
SC Safety clearance mm
F Feedrate *
Parameter Description Unit
Machining e V (roughing)
9] e VVV (finishing)

e V + VVV (roughing and finishing)
Machining e Longitudinal
direction@ e Parallel to the contour
Position Machining position:
o

ls

<

S

2
X0 Reference point X & mm
Z0 Reference point Z mm
X110 Undercut depth referred to X & (abs) or undercut depth referred to X (inc)
210 Allowance Z (abs or inc)
R1 Rounding radius 1 mm
R2 Rounding radius 2 mm
a Insertion angle Degrees
VX0 Cross feed & (abs) or cross feed (inc) - (only for VVV and V + VVV)
D Maximum depth infeed — (only for V.and V + VVV) mm
UorUX o Finishing allowance in X or finishing allowance in X and Z — (only for Vand V + mm

VVV)
uz Finishing allowance in Z — (only for UZ, V and V + VVV) mm

* Unit of feedrate as programmed before the cycle call
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8.4 Turning - only for G code programs

8.4.6 Thread turning (CYCLE99)
8.4.6.1 Function
Function

The "Longitudinal thread", "Tapered thread" or "Face thread" cycle is used to turn external or
internal threads with a constant or variable pitch.

There may be single or multiple threads.

For metric threads (thread pitch P in mm/rev), the cycle assigns a value (calculated on the
basis of the thread pitch) to the thread depth H1 parameter. You can change this value.

The default must be activated via setting data SD 55212
$SCS_FUNCTION_MASK_TECH_SET.

Machine manufacturer
{é} Please refer to the machine manufacturer's specifications.

The cycle requires a speed-controlled spindle with a position measuring system.

Interruption of thread cutting
You have the option to interrupt thread cutting (for example if the cutting tool is broken).
1. Press the <CYCLE STOP> key.
The tool is retracted from the thread and the spindle is stopped.
2. Replace the tool and press the <CYCLE START> key.

The aborted thread cutting is started again with the interrupted cut at the same depth.

Thread re-machining

You have the option of subsequently machining threads. To do this, change into the "JOG"
operating mode and carry out a thread synchronization.

Approach/retraction
1. The tool moves to the starting point calculated internally in the cycle at rapid traverse.
2. Thread with advance:

The tool moves at rapid traverse to the first starting position displaced by the thread
advance LW.

Thread with run-in:

The tool moves at rapid traverse to the starting position displaced by the thread run-in
LW2.
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8.4 Turning - only for G code programs

3. The first cut is made with thread pitch P as far as the thread run-out LR.

4. Thread with advance:

The tool moves at rapid traverse to the return distance VR and then to the next starting

position.

Thread with run-in:

The tool moves at rapid traverse to the return distance VR and then back to the starting

position.

5. Steps 3 and 4 are repeated until the thread is finished.

6. The tool moves back to the retraction plane at rapid traverse.

Thread machining can be stopped at any time with the "Rapid lift" function. It ensures that
the tool does not damage the thread when it is raised.

Procedure for longitudinal thread, tapered thread, or face thread

A Turn-
= ing

Thread

Thread
long.

Thread
taper

Thread
face

N

The part program to be processed has been created and you are in the
editor.

Press the "Turning" softkey.

Press the "Thread" softkey.

The "Thread" input window opens.

Press the "Longitudinal thread" softkey.

The "Longitudinal Thread" input window opens.
-OR -

Press the "Tapered thread" softkey.

The "Tapered Thread" input window opens.
-OR -

Press the "Face thread" softkey.

The "Face Thread" input window opens.

Parameters, G code program (thread, Iong_;itudinal)

PL IO

Machining plane
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8.4 Turning - only for G code programs

Parameter Description Unit
Table Thread table selection:
o  Without
e |SO metric
e  Whitworth BSW
¢ Whitworth BSP
¢ UNC
Selection - (not for Data, table value, e.g. M10, M12, M14, ...
table "Without") (O
P Select the thread pitch / turns for table "without" or specify the thread pitch/turns mm/rev
0 corresponding to the selection in the thread table: in/rev“
e Thread pitch in mm/revolution tMugI;/ULUS
e Thread pitch in inch/revolution
e Thread turns per inch
e Thread pitch in MODULUS
G Change in thread pitch per revolution — (only for P = mm/rev or in/rev) mm/rev2
G = 0: The thread pitch P does not change.
G > 0: The thread pitch P increases by the value G per revolution.
G < 0: The thread pitch P decreases by the value G per revolution.
If the start and end pitch of the thread are known, the pitch change to be
programmed can be calculated as follows:
|Pe? - P2 |
G = - [mm/rev?]
2* Z4
The meanings are as follows:
Pe: End pitch of thread [mm/rev]
P: Start pitch of thread [mm/rev]
Z4: Thread length [mm]
A larger pitch results in a larger distance between the thread turns on the
workpiece.
Machining eV (roughing)
8] e VVV (finishing)
e V +VVV (roughing and finishing)
Infeed (only forVand V | e Linear:
+ VVV)
0 Infeed with constant cutting depth
o Degressive:
Infeed with constant cutting cross-section
Thread o Internal thread
O e External thread
X0 Reference point X from thread table & (abs) mm
Z0 Reference point Z (abs) mm
Milling
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8.4 Turning - only for G code programs

Parameter Description Unit
210 End point of the thread (abs) or thread length (inc) mm
Incremental dimensions: The sign is also evaluated.
LW Thread advance (inc) mm
(8] The starting point for the thread is the reference point (X0, Z0) brought forward by
the thread advance W. The thread advance can be used if you wish to begin the
individual cuts slightly earlier in order to also produce a precise start of thread.
or Thread run-in (inc)
LW2 The thread run-in can be used if you cannot approach the thread from the side and | ™M
(§) instead have to insert the tool into the material (e.g. lubrication groove on a shaft).
Thread run-in = thread run-out (inc)
or
LW2 =LR mm
9]
LR Thread run-out (inc) mm
The thread run-out can be used if you wish to retract the tool obliquely at the end
of the thread (e.g. lubrication groove on a shaft).
H1 Thread depth from thread table (inc) mm
DP Infeed slope as flank (inc) — (alternative to infeed slope as angle)
(8] DP > 0: Infeed along the rear flank
or DP < 0: Infeed along the front flank
aP Infeed slope as angle — (alternative to infeed slope as flank) Degrees
a > 0: Infeed along the rear flank
a < 0: Infeed along the front flank
a = 0: Infeed at right angle to cutting direction
If you wish to infeed along the flanks, the maximum absolute value of this
parameter may be half the flank angle of the tool.
\55 0 Infeed along the flank
. Infeed with alternating flanks (alternative)
o
N Instead of infeed along one flank, you can infeed along alternating flanks to avoid
always loading the same tool cutting edge. As a consequence you can increase
the tool life.
a > 0: Start at the rear flank
a < 0: Start at the front flank
D1orND QO First infeed depth or number of roughing cuts mm
(only for V and The respective value is displayed when you switch between the number of
V + VVWV) roughing cuts and the first infeed.
rev Finishing allowance in X and Z — (only for Vand V + VVV) mm
NN Number of noncuts - (only for VVV and V + VVV)
VR Return distance (inc) mm
Multiple threads No
Q a0 ‘ Starting angle offset Degrees
Yes
N Number of thread turns
The thread turns are distributed evenly across the periphery of the
turned part; the 1st thread turn is always located at 0°.
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8.4 Turning - only for G code programs

Parameter Description Unit

DA Thread changeover depth (inc) mm
First machine all thread turns sequentially to thread changeover
depth DA, then machine all thread turns sequentially to depth 2 -
DA, etc. until the final depth is reached.

DA = 0: Thread changeover depth is not taken into account, i.e.
finish machining each thread before starting the next thread.

Machining: e Complete, or
Q

e from turn N1

N1 (1...4) start thread N1 =1..N [ or
e only thread NX

NX (1...4) 1 from N threads O

Parameters, G code program (thread, face)

PL & | Machining plane

Parameter Description Unit
P e Thread pitch in mm/revolution mm/rev
0 e Thread pitch in inch/revolution |n/rev“
turns/
e Thread turns per inch MODULUS
e Thread pitch in MODULUS
G Change in thread pitch per revolution — (only for P = mm/rev or in/rev) mm/rev2

G = 0: The thread pitch P does not change.
G > 0: The thread pitch P increases by the value G per revolution.
G < 0: The thread pitch P decreases by the value G per revolution.

If the start and end pitch of the thread are known, the pitch change to be
programmed can be calculated as follows:

[Pe? - P2 |
G = - [mm/rev?]
2*Z4
The meanings are as follows:
Pe: End pitch of thread [mm/rev]
P: Start pitch of thread [mm/rev]
Z4: Thread length [mm]
A larger pitch results in a larger distance between the thread turns on the

workpiece.
Machining e V (roughing)
8] e VVV (finishing)

e V +VVV (roughing and finishing)
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Parameter Description Unit
Infeed (only forVand V | e Linear:
+ VW)
O Infeed with constant cutting depth
e Degressive:
Infeed with constant cutting cross-section
Thread Q e Internal thread
e External thread
X0 Reference point X & (abs, always diameter) mm
Z0 Reference point Z (abs) mm
X110 End point of the thread & (abs) or thread length (inc) mm
Incremental dimensions: The sign is also evaluated.
LW Thread advance (inc) mm
(8] The starting point for the thread is the reference point (X0, Z0) brought forward by
the thread advance W. The thread advance can be used if you wish to begin the
individual cuts slightly earlier in order to also produce a precise start of thread.
or Thread run-in (inc)
LW2 The thread run-in can be used if you cannot approach the thread from the side and | MM
(§) instead have to insert the tool into the material (e.g. lubrication groove on a shaft).
Thread run-in = thread run-out (inc)
or
LW2 =LR mm
9]
LR Thread run-out (inc) mm
The thread run-out can be used if you wish to retract the tool obliquely at the end
of the thread (e.g. lubrication groove on a shaft).
HA1 Thread depth (inc) mm
DP Infeed slope as flank (inc) — (alternative to infeed slope as angle)
(5] DP > 0: Infeed along the rear flank
or DP < 0: Infeed along the front flank
aP Infeed slope as angle — (alternative to infeed slope as flank) Degrees
a > 0: Infeed along the rear flank
a < 0: Infeed along the front flank
a = 0: Infeed at right angle to cutting direction
If you wish to infeed along the flanks, the maximum absolute value of this
parameter may be half the flank angle of the tool.
¢ Infeed along the flank
-4
. Infeed with alternating flanks (alternative)
o
N Instead of infeed along one flank, you can infeed along alternating flanks to avoid
9] always loading the same tool cutting edge. As a consequence you can increase
the tool life.
a > 0: Start at the rear flank
a < 0: Start at the front flank
D1orND O First infeed depth or number of roughing cuts mm
(only for V and The respective value is displayed when you switch between the number of
V + VVV) roughing cuts and the first infeed.
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Parameter Description Unit
rev Finishing allowance in X and Z — (only for Vand V + VVV) mm
NN Number of noncuts - (only for VVV and V + VVV)
VR Return distance (inc) mm
Multiple threads QO No
a0 | Starting angle offset Degrees
Yes
N Number of thread turns

The thread turns are distributed evenly across the periphery of the
turned part; the 1st thread turn is always located at 0°.

DA Thread changeover depth (inc) mm
First machine all thread turns sequentially to thread changeover
depth DA, then machine all thread turns sequentially to depth 2 -
DA, etc. until the final depth is reached.

DA = 0: Thread changeover depth is not taken into account, i.e.
finish machining each thread before starting the next thread.

Machining: e Complete, or
0

e from turn N1

N1 (1...4) start thread N1 =1...N [ or
e only thread NX

NX (1...4) 1 from N threads O

Parameters, G code program (thread, conical)

PL iJ | Machining plane

Parameter Description Unit
P e Thread pitch in mm/revolution mm/rev
o e Thread pitch in inch/revolution m/rev"
turns/
e Thread turns per inch MODULUS

e Thread pitch in MODULUS
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Parameter Description Unit
G Change in thread pitch per revolution — (only for P = mm/rev or in/rev) mm/rev2

G = 0: The thread pitch P does not change.

G > 0: The thread pitch P increases by the value G per revolution.

G < 0: The thread pitch P decreases by the value G per revolution.

If the start and end pitch of the thread are known, the pitch change to be

programmed can be calculated as follows:

|Pe? - P2 |
G = - [mm/rev?]
2*Z4

The meanings are as follows:

Pe: End pitch of thread [mm/rev]

P: Start pitch of thread [mm/rev]

Z4: Thread length [mm]

A larger pitch results in a larger distance between the thread turns on the

workpiece.
Machining eV (roughing)
9] e VVV (finishing)

e V + VVV (roughing and finishing)
Infeed (only forVandV | e Linear:
+ VVV)
0 Infeed with constant cutting depth

o Degressive:

Infeed with constant cutting cross-section

Thread e Internal thread
o e External thread
X0 Reference point X & (abs, always diameter) mm
Z0 Reference point Z (abs) mm
X1or End point X & (abs) or end point in relation to X0 (inc) or mm or
X1a Thread taper degrees
(§) Incremental dimensions: The sign is also evaluated.
2110 End point Z (abs) or end point in relation to Z0 (inc) mm

Incremental dimensions: The sign is also evaluated.
LW Thread advance (inc) mm
O The starting point for the thread is the reference point (X0, Z0) brought forward by

the thread advance W. The thread advance can be used if you wish to begin the

individual cuts slightly earlier in order to also produce a precise start of thread.
or Thread run-in (inc)
Lw2 The thread run-in can be used if you cannot approach the thread from the side and | MM
(8] instead have to insert the tool into the material (e.g. lubrication groove on a shaft).
o Thread run-in = thread run-out (inc)
LW2 =LR mm
o
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Parameter Description Unit
LR Thread run-out (inc) mm
The thread run-out can be used if you wish to retract the tool obliquely at the end
of the thread (e.g. lubrication groove on a shaft).
H1 Thread depth (inc) mm
DP Infeed slope as flank (inc) — (alternative to infeed slope as angle)
Q DP > 0: Infeed along the rear flank
or DP < 0: Infeed along the front flank
aP Infeed slope as angle - (alternative to infeed slope as flank) Degrees
a > 0: Infeed along the rear flank
a < 0: Infeed along the front flank
a = 0: Infeed at right angle to cutting direction
If you wish to infeed along the flanks, the maximum absolute value of this
parameter may be half the flank angle of the tool.
¢ Infeed along the flank
s
. Infeed with alternating flanks (alternative)
o,
R Instead of infeed along one flank, you can infeed along alternating flanks to avoid
o always loading the same tool cutting edge. As a consequence you can increase
the tool life.
a > 0: Start at the rear flank
a < 0: Start at the front flank
D1orND ©Q First infeed depth or number of roughing cuts mm
(only for V and The respective value is displayed when you switch between the number of
V + VW) roughing cuts and the first infeed.
rev Finishing allowance in X and Z — (only for V.and V + VVV) mm
NN Number of noncuts - (only for VVV and V + VVV)
VR Return distance (inc) mm
Multiple threads No
(§] a0 | Starting angle offset Degrees
Yes
N Number of thread turns
The thread turns are distributed evenly across the periphery of the
turned part; the 1st thread turn is always located at 0°.
DA Thread changeover depth (inc) mm
First machine all thread turns sequentially to thread changeover
depth DA, then machine all thread turns sequentially to depth 2 -
DA, etc. until the final depth is reached.
DA = 0: Thread changeover depth is not taken into account, i.e.
finish machining each thread before starting the next thread.
Machining: e Complete, or
o e from turn N1
N1 (1...4) start thread N1 =1..N [ or
e only thread NX
NX (1...4) 1 from N threads O
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8.4.7

8.4.71

Function

Thread chain (CYCLE98)

Function

With this cycle, you can produce several concatenated cylindrical or tapered threads with a
constant pitch in longitudinal and face machining, all of which can have different thread
pitches.

There may be single or multiple threads. With multiple threads, the individual thread turns
are machined one after the other.

You define a right or left-hand thread by the direction of spindle rotation and the feed
direction.

The infeed is performed automatically with a constant infeed depth or constant cutting cross-
section.

e With a constant infeed depth, the cutting cross-section increases from cut to cut. The
finishing allowance is machined in one cut after roughing.

A constant infeed depth can produce better cutting conditions at small thread depths.

e \Vith a constant cutting cross-section, the cutting pressure remains constant over all
roughing cuts and the infeed depth is reduced.

The feedrate override has no effect during traversing blocks with thread. The spindle
override must not be changed during the thread machining.

Interruption of thread cutting

You have the option to interrupt thread cutting (for example if the cutting tool is broken).
1. Press the <CYCLE STOP> key.

The tool is retracted from the thread and the spindle is stopped.
2. Replace the tool and press the <CYCLE START> key.

The aborted thread cutting is started again with the interrupted cut at the same depth.

Approach/retraction

438

1. Approach of the starting point determined in the cycle at the beginning of the run-in path
for the first thread with GO

Infeed for roughing according to the defined infeed type.
Thread cutting is repeated according to the programmed number of roughing cuts.
The finishing allowance is removed in the following step with G33.

This cut is repeated according to the number of noncuts.

@ g M DN

The whole sequence of motions is repeated for each further thread.

Milling
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Procedure for thread chain

8.4 Turning - only for G code programs

1. The part program to be executed has been created and you are in the
editor.
& Tum- 2. Press the "Turning" softkey.
= ing
3. Press the "Thread" softkey.
Thread . .
The "Thread" input window opens.
Thread 4. Press the "Thread chain" softkey.
chain The "Thread Chain" input window opens.

Parameters, G code program

PL D | Machining plane

Parameter Description Unit
Machining eV (roughing)
8] e VVV (finishing)
e V +VVV (roughing and finishing)
Infeed (only forVandV | e Linear:
+ VVV)
0 Constant cutting depth infeed
o Degressive:
Constant cutting cross-section infeed
Thread e Internal thread
o e External thread
X0 Reference point X & (abs, always diameter) mm
Z0 Reference point Z (abs) mm
PO IO Thread pitch 1 mm/rev
in/rev
turns/"
MODULUS
X1 or X1a e Intermediate point 1 X & (abs) or mm
o ¢ Intermediate point 1 in relation to X0 (inc) or D
egrees
e Thread taper 1
Incremental dimensions: The sign is also evaluated.
2110 e Intermediate point 1 Z (abs) or mm
¢ Intermediate point 1 in relation to Z0 (inc)
Milling
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Parameter Description Unit

P1 Thread pitch 2 (unit as parameterized for PO) mm/rev
in/rev
turns/"
MODULUS

X2 or X2a  Intermediate point 2 X & (abs) or mm

o ¢ Intermediate point 2 in relation to X1 (inc) or
Degrees

e Thread taper 2
Incremental dimensions: The sign is also evaluated.
z2 e Intermediate point 2 Z (abs) or mm
Q ¢ Intermediate point 2 in relation to Z1 (inc)
P2 Thread pitch 3 (unit as parameterized for P0) mm/rev
in/rev
turns/"
MODULUS
X310 e End point X & (abs) or mm
e End point 3 in relation to X2 (inc) or Degrees
e Thread taper 3

Z310 e End point Z @ (abs) or mm
e End point with reference to Z2 (inc)

LW Thread run-in mm

LR Thread run-out mm

H1 Thread depth mm

DP oraP QO Infeed slope (flank) or infeed slope (angle) mm or
degrees

\,5} ¢ Infeed along a flank

ye ¢ Infeed with alternating flanks

v

O

D1orND QO First infeed depth or number of roughing cuts - (only for V.and V + VVV) mm

rev Finishing allowance in X and Z - (only for V and V + VVV) mm

NN Number of noncuts - (only for VVV and V + VVV)

VR Return distance mm

Multiple threads No

Q a0 Starting angle offset Degrees

Yes
N Number of thread turns
DA Thread changeover depth (inc) mm
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8.4.8 Cut-off (CYCLE92)

Function

The "Cut-off" cycle is used when you want to cut off dynamically balanced parts (e.g. screws,
bolts, or pipes).

You can program a chamfer or rounding on the edge of the machined part. You can machine
at a constant cutting rate V or speed S up to a depth X1, from which point the workpiece is
machined at a constant speed. As of depth X1, you can also program a reduced feedrate FR
or a reduced speed SR, in order to adapt the velocity to the smaller diameter.

Use parameter X2 to enter the final depth that you wish to reach with the cut-off. With pipes,
for example, you do not need to cut-off until you reach the center; cutting off slightly more
than the wall thickness of the pipe is sufficient.

Approach/retraction
1. The tool first moves to the starting point calculated internally in the cycle at rapid traverse.
2. The chamfer or radius is machined at the machining feedrate.
3. Cut-off down to depth X1 is performed at the machining feedrate.
4. Cut-off is continued down to depth X2 at reduced feedrate FR and reduced speed SR.
5. The tool moves back to the safety distance at rapid traverse.

If your turning machine is appropriately set up, you can extend a workpiece drawer (part
catcher) to accept the cut-off workpiece. Extension of the workpiece drawer must be enabled
in a machine data element.

Machine manufacturer
{g} Please refer to the machine manufacturer's specifications.

Procedure
1. The part program to be executed has been created and you are in the
editor.
& Tum- 2. Press the "Turning" softkey.
= ing
Cutort Press the "Cut-off” softkey.
The "Cut-off" input window opens.
Milling
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Parameters, G code program

PL @ | Machining plane
SC Safety clearance mm
F Feedrate *
Parameter Description Unit
DIR [ Direction of spindle rotation
"l
R
S Spindle speed rev/min
\Y Constant cutting rate mm/min
SV Maximum speed limit - (only for constant cutting rate V) rev/min
X0 Reference point in X & (abs, always diameter) mm
Z0 Reference point in Z (abs) mm
FSorR O Chamfer width or rounding radius mm
X110 Depth for speed reduction & (abs) or depth for speed reduction in relation to X0 mm
(inc)
FR Reduced feedrate *
SR Reduced speed rev/min
X210 Final depth & (abs) or final depth in relation to X1 (inc) mm
* Unit of feedrate as programmed before the cycle call
Milling
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8.5

8.5.1

Function

Programming

Milling

8.5 Contour turning- only for G code programs

Contour turning- only for G code programs

General information

You can machine simple or complex contours with the "Contour turning" cycle. A contour
comprises separate contour elements, whereby at least two and up to 250 elements result in
a defined contour.

You can program chamfers, radii, undercuts or tangential transitions between the contour
elements.

The integrated contour calculator calculates the intersection points of the individual contour
elements taking into account the geometrical relationships, which allows you to enter
incompletely dimensioned elements.

When you machine the contour, you can make allowance for a blank contour which must be
entered before the finished-part contour. Then select one of the the following machining
technologies:

® Stock removal
® Grooving
® Plunge-turning

You can rough, remove residual material and finish for each of the three technologies above.

For example, the programming procedure for stock removal is as follows:

Note

When programming in the G code, it must be ensured that the contours are located after the
end of program identifier!

1. Enter the unmachined-part contour

If, when removing stock along the contour, you want to take into account an unmachined
part contour (and no cylinder or no allowance) as unmachined part shape, then you must
define the contour of the unmachined part before you define the finished-part contour.
Compile the unmachined-part contour step-by-step from various contour elements.

2. Enter finished-part contour

You build up the finished-part contour gradually from a series of different contour
elements.

3. Contour call
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4. Stock removal along the contour (roughing)
The contour is machined longitudinally, transversely or parallel to the contour.
5. Remove residual material (roughing)

For G code programming, when removing stock, it must first be decided whether to rough
(machine) with residual material detection or not. A suitable tool will allow you to remove
this without having to machine the contour again.

6. Stock removal along the contour (finishing)

If you programmed a finishing allowance for roughing, the contour is machined again.

8.5.2 Representation of the contour

G code program

In the editor, the contour is represented in a program section using individual program
blocks. If you open an individual block, then the contour is opened.

Symbolic representation

The individual contour elements are represented by symbols adjacent to the graphics
window. They appear in the order in which they were entered.

Contour element Symbol Meaning

Starting point

Starting point of the contour

Straight line up

Straight line in 90° grid

Straight line down

Straight line in 90° grid

Straight line left

Straight line in 90° grid

Straight line right

Straight line in 90° grid

Straight line in any direction

Straight line with any gradient

SIDOIN LT ==

Arc right Circle
Arc left Circle
Pole Straight diagonal or circle in

polar coordinates

Finish contour

END

End of contour definition

Milling
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The different colors of the symbols indicate their status:

Foreground Background Meaning

Black Blue Cursor on new element

Black Orange Cursor on current element

Black White Normal element

Red White Element not currently evaluated
(element will only be evaluated
when it is selected with the
cursor)

Graphical display

The progress of contour programming is shown in broken-line graphics while the contour
elements are being entered.

When the contour element has been created, it can be displayed in different line styles and
colors:

® Black: Programmed contour

® QOrange: Current contour element

® Green dashed: Alternative element

® Blue dotted: Partially defined element

The scaling of the coordinate system is adjusted automatically to match the complete
contour.

The position of the coordinate system is displayed in the graphics window.

8.5.3 Creating a new contour

Function
For each contour that you want to cut, you must create a new contour.

The first step in creating a contour is to specify a starting point. Enter the contour element.
The contour processor then automatically defines the end of the contour.

Procedure
1. The part program to be executed has been created and you are in the
editor.
o Tumn- 2. Press the "Turning" and "Contour turning” softkeys.
= ing
4 Cont.
== turn
Milling
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3. Press the "Contour" and "New contour” softkeys.
Contour . .
The "New Contour" input window opens.
Hew
contour
4, Enter a name for the new contour. The contour name must be unique.
v 5. Press the "Accept" softkey.
__Accept The input window for the starting point of the contour appears.
Enter the individual contour elements (see Section "Creating contour
elements").
Parameter Description Unit
4 Starting point Z (abs) mm
X Starting point X & (abs) mm
Transition to Type of transition
contour start e Radius
9] e Chamfer
FS=0 or R=0: No transition element
R Transition to following element — radius mm
FS Transition to following element — chamfer mm

Direction in front
of the contour

Direction of the contour element towards the starting point:

-2

9]
¢ In the negative direction of the horizontal axis
L L
¢ In the positive direction of the horizontal axis
i
¢ In the negative direction of the vertical axis
i
¢ In the positive direction of the vertical axis
Milling
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Parameter Description Unit
Additional You can enter additional commands in the form of G code for each contour element.
commands You can enter the additional commands (max. 40 characters) in the extended

parameter screens ("All parameters" softkey). The softkey is always available at the
starting point, it only has to be pressed when entering additional contour elements.

You can program feedrates and M commands, for example, using additional G code
commands. However, carefully ensure that the additional commands do not collide with
the generated G code of the contour and are compatible with the machining type
required. Therefore, do not use any G code commands of group 1 (GO, G1, G2, G3), no
coordinates in the plane and no G code commands that have to be programmed in a
separate block.

The contour is finished in continuous-path mode (G64). As a result, contour transitions
such as corners, chamfers or radii may not be machined precisely.

If you wish to avoid this, then it is possible to use additional commands when
programming.

Example: For a contour, first program the straight X parallel and then enter "G9" (non-
modal exact stop) for the additional command parameter. Then program the Z-parallel
straight line. The corner will be machined exactly, as the feedrate at the end of the X-
parallel straight line is briefly zero.

Note:

The additional commands are only effective for finishing!

8.54 Creating contour elements

Creating contour elements

After you have created a new contour and specified the starting point, you can define the
individual elements that make up the contour.

The following contour elements are available for the de