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Legalinformation
Warning notice system

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent damage to property. The
notices referring to your personal safety are highlighted in the manual by a safety alert symbol, notices referring only to property damage
have no safety alert symbol. These notices shown below are graded according to the degree of danger.

A\DANGER
indicates that death or severe personal injury will result if proper precautions are not taken.

A\ WARNING

indicates that death or severe personalinjury may result if proper precautions are not taken.

A\CAUTION

indicates that minor personalinjury can resultif proper precautions are not taken.

NOTICE

indicates that property damage can result if proper precautions are not taken.

If more than one degree of danger is present, the warning notice representing the highest degree of danger will be used. A notice warning of
injury to persons with a safety alert symbol may also include a warning relating to property damage.

Qualified Personnel

The product/systemdescribed in this documentation may be operated only by personnel qualified for the specific task in accordance with
the relevant documentation, in particular its warning notices and safety instructions. Qualified personnel are those who, based on their
training and experience, are capable of identifying risks and avoiding potential hazards when working with these products/systems.

Proper use of Siemens products

Note the following:

AAWARNING

Siemens products may only be used for the applications described in the catalog and in the relevant technical documentation. If products
and components from other manufacturers are used, these must be recommended or approved by Siemens. Proper transport, storage,
installation, assembly, commissioning, operation and maintenance are required to ensure that the products operate safely and without any
problems. The permissible ambient conditions must be complied with. The information in the relevant documentation must be observed.
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Preface

Applicable products

This manualis valid for the following control systems:

Control system Software version
SINUMERIK 808D ADVANCED M (Milling) V4.8.1.2: PPU16x.3/PPU15x.3 with spindle/feed servo system
SINUMERIK 808D (Milling) V4.8.1.1: PPU141.3 with feed servo system

Documentation components and target audience

End-user documentation Target audience

Programming and Operating Manual (Turning) Programmers and operators ofturning machines

Programming and Operating Manual (Milling) Programmers and operators of milling machines

Programming and Operating Manual (ISO Turning/Milling) | Programmers and operators of turning/milling machines

Programming and Operating Manual (Manual Machine Programmers and operators of turning machines

Plus (MM+), Turning)

Diagnostics Manual Mechanical and electrical designers, commissioning engi-
neers, machine operators, and service and maintenance per-
sonnel

Manufacturer/service documentation Target audience

Commissioning Manual Installation personnel, commissioning engineers, and service
and maintenance personnel

Function Manual Mechanical and electrical designers, technical professionals

Parameter Manual Mechanical and electrical designers, technical professionals

Service Manual Mechanical and electrical designers, technical professionals,
commissioning engineers, and service and maintenance per-
sonnel

Readmefile

Third-party software - Licensing terms and copyrightinformation

My Documentation Manager (MDM)
Under the following link you will find information to individually com pile your documentation based on the Siemens content:

www.siemens.com/mdm

Standard scope

This manual only describes the functionality of the standard version. Extensions or changes made by the machine tool
manufacturer are documented by the machine tool manufacturer.

Technical support

Country Hotline " Further service contact information:
Germany +499118957222 |« Worldwide Web site:
China +86 4008104288

https://support.industry.siemens.com/cs/ww/en/
e Chinese Web site:

http://www.siemens.com.cn/808D

" You canfind more hotline information atthe worldwide Web site given above.
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EC Declaration of Conformity

The EC Declaration of Conformity for the EMC Directive can be found on the Internet at
http://www.siemens.com/automation/service&support.

Here, enterthe number"67385845" as the search term or contact yourlocal Siemens office.
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1 Fundamental safety instructions

1.1 General safety instructions

A\ warniNG

Danger to life if the safety instructions and residual risks are not observed

If the safety instructions and residual risks in the associated hardware documentation are notobserved, accidents involving
severe injuries or death can occur.

o Observe the safety instructions given in the hardware documentation.
e Considerthe residual risks for the risk evaluation.

AWARNING

Malfunctions of the machine as a result of incorrect or changed parameter settings

As a result of incorrect or changed parameterization, machines can malfunction, which in turn can lead to injuries or death.
o Protect the parameterization (parameter assignments) againstunauthorized access.

¢ Handle possible malfunctions by taking suitable measures, e.g. emergency stop or emergency off.

1.2 Warranty and liability for application examples

The application examples are notbinding and do not claim to be complete regarding configuration, equipmentorany
eventuality which may arise. The application examples do notrepresentspecific customer solutions, but are onlyintended to
provide supportfor typical tasks. You are responsible for the proper operation of the described products. These application
examples do notrelieve you of your responsibility for safe handling when using, installing, operating and maintaining the
equipment.
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1.3 Industrial security

Note
Industrial security

Siemens provides products and solutions with industrial security functions that supportthe secure operation of plants,
systems, machines and networks.

In order to protect plants, systems, machines and networks againstcyberthreats, itis necessaryto implement-and
continuously maintain —a holistic, state-of-the-art industrial security concept. Siemens products and solutions only represent
one componentofsuch a concept.

The customeris responsible for preventing unauthorized access to its plants, systems, machines and networks. Systems,
machines and components should only be connected to the enterprise network or the internetif and to the extent necessary
and with appropriate security measures (e.g. use of firewalls and network segmentation) in place.

Additionally, Siemens’ guidance on appropriate security measures should be taken into account. For more information about
industrial security, please visit:

Industrial security (http://www.siemens.com/industrialsecurity).

Siemens’ products and solutions undergo continuous developmentto make them more secure. Siemens strongly
recommends to apply productupdates as soon as available and to always use the latest product versions. Use of product
versions that are no longer supported, and failure to apply latest updates may increase customer’s exposure to cyber
threats.

To stay informed about productupdates, subscribe to the Siemens Industrial Security RSS Feed at:
Industrial security (http://www.siemens.com/industrialsecurity).

A\ warninG

Unsafe operating states resulting from software manipulation

Software manipulations (e.g. viruses, trojans, malware or worms) can cause unsafe operating states in your system that
may lead to death, seriousinjury, and property damage.

o Keepthe software up to date.

¢ Incorporate the automation and drive components into a holistic, state-of-the-art industrial security conceptfor the
installation ormachine.

e Make sure that you include all installed products into the holisticindustrial security concept.

e Protectfiles stored on exchangeable storage media from malicious software by with suitable protection measures, e.g.
virus scanners.

2 Introduction

Note

Chapter 'Machining typical milling parts (Page 235)" later in this manual provides you with typical machining examples

including workpiece drawings, typical programs, and step-by-step operating instructions. It helps you to quickly understand
CNC programming and operation through practical examples.

2.1 Panel Processing Units (PPUs)

211 PPU versions
PPU version | Technology variant | Operator panel variant Applicable control system

PPU161.3 Turning variant Horizontal panel, with English keys SINUMERIK 808D ADVANCED T (Turning)
Horizontal panel, with Chinese keys

Milling variant Horizontal panel, with English keys SINUMERIK 808D ADVANCED M (Milling)
Horizontal panel, with Chinese keys
PPU160.3 Turning variant Vertical panel, with English keys SINUMERIK 808D ADVANCED T (Turning)
Vertical panel, with Chinese keys
Milling variant Vertical panel, with English keys SINUMERIK 808D ADVANCED M (Milling)

Vertical panel, with Chinese keys
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PPU version | Technology variant | Operator panel variant Applicable control system
PPU151.3 Turning variant Horizontal panel, with English keys SINUMERIK 808D ADVANCED T (Turning)
Horizontal panel, with Chinese keys

Milling variant Horizontal panel, with English keys SINUMERIK 808D ADVANCED M (Milling)
Horizontal panel, with Chinese keys
PPU150.3 Turning variant Vertical panel, with English keys SINUMERIK 808D ADVANCED T (Turning)
Vertical panel, with Chinese keys
Milling variant Vertical panel, with English keys SINUMERIK 808D ADVANCED M (Milling)

Vertical panel, with Chinese keys
PPU141.3 | Turning variant Horizontal panel, with English keys SINUMERIK 808D (Turning)
Horizontal panel, with Chinese keys
Milling variant Horizontal panel, with English keys SINUMERIK 808D (Milling)
Horizontal panel, with Chinese keys

212 PPU control elements

PPU160.3/PPU150.3 PPU161.3/PPU151.3/PPU141.3

SIEMENS SINUMERIK SIEMENS

091415

N orasToRe 51 SIEMENS
SIEMENS e 5

0% is
mmfmin _ faedrate

E3l Machirics)

 (4)

(1) Statusindicators Alarm cancellation key

Cancels alarms and messages thatare marked with the
symbol on this key

(@ Protective cover for USB interface @ Wizardkey

Guides you through performing basic commissioning
and operation tasks

® USB interface Help key
Calls help information
@ Horizontal and vertical keys @ Cursor keys
Call the corresponding vertical/horizontal softkeys on
the screen
® Return key ® Modifier keys for use in key combinations
Returnsto the next higher-level menu
® Menu extension key @ Editcontrol keys
Callsthe extended menuitems
@ Alphabetic and numeric keys Operating area keys

Programming and Operating Manual (Milling)
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Additional information about keys

<CTRL + P>: Creates a screenshotof the actual user interface

P
©
S <CTRL + S>: Saves start-up archives and action logs to a USB stick
S a
i <CTRL + D>: Displays pre-defined slides on the screen
Dm <ALT + D>: Saves action logs to a USB stick
= Calls the calculator function when you position the cursoron the desired inputfield

<CTRL + cursor key>: Changes the screen backlightbrightness by an incrementof 10% (bright-
ness range:10% to 100%)

Note that after you release the key combination, the HMI saves your brightness setting and the
brightness bar disappears after a few seconds.

SHIFT

Enters the upper character shown on the alphabetic/numeric keys concerned

ﬁ SVZI\:\

SHIFT + | ALARM

Opens the system data operating area

NEXT
WINDOW

In the program editor, pressing this key moves the cursorto the beginning ofthe selected pro-
gram block.

SELECT

e Togglesbetween entriesin the inputfield
o Enters the "Set-up menu"dialog box at NC startup

CUSTOM

Enables user-defined extension applications, forexample, generation of user dialog boxes with
the EasyXLanguage function. For more information aboutthis function, see the SINUMERIK
808D/SINUMERIK 808D ADVANCED Function Manual.

Status indicators

0o o u
Indicator Status and meaning
"POK" e Solid green: The powersupply for the control system is switched on.
"RDY" e Solid green: The control system is ready and the PLC is in run mode.
e Solidred: The control system is in stop mode.
e Solidorange: The PLC is in stop mode.
e Flashingorange: The PLCis in power-up mode.
"TEMP" o Off: The temperature ofthe control system is within the specified scope.

Solid orange: The temperature of the control system is beyond the scope.
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21.3 Screen layout

'ﬁ' = 05:11:40
Status area == __AUTo 2015/05/19
NC:\AMPF@ SIEMENS & '
Heset R function

Application area

Act. val.
Tip [> | IEHTE]
and softkey area 251 Zoom Prog. Block [=p Corr.
nctUaI 5 cnty @ search [& Prog. :
—————

Alarms and messages in the status area

Alarm and message area

v Standard machine data loaded (88G0A1H, BAGRBARH, BARARARH,
[\V/ el 004060 § it
21 REFPOINT 02 ) -

NC:\MPFo SIEMENS

7 Reset ROV

=] Displays active alarms with alarm text
400006 1 ip] Loss of remanent PLC data —-:-- The alarm numberis displayed in white letter-

ing on a red background. The associated
alarm text is shown in red lettering. An arrow
indicates that several alarms are active. The
number to the right of the arrow indicates the
total number ofactive alarms. When more
than one alarm is active, the display scrolls
through the alarmsin sequence. An acknowl-
edgementsymbolindicates the alarm cancel
criterion.

Displ from N

READY TO START isplays messages from NC programs
Messages from NC programs do not have
numbers and appearin green lettering.
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2.2 Machine Control Panels (MCPs)
221 MCP versions

MCP version Applicable control system

e Horizontal MCP, with English keys and override switches | All MCP variants are applicable to any of the following
e Horizontal MCP, with Chinese keys and override switches | control systems:
e Vertical MCP, with English keys and a reserved slot for ¢ SINUMERIK 808D ADVANCED T (Turning)
the handwheel e SINUMERIK 808D ADVANCED M (Milling)
e Vertical MCP, with Chinese keys and a reservedslotfor |e SINUMERIK 808D (Turning)

the handwheel « SINUMERIK 808D (Milling)
e Vertical MCP, with English keys and an override switch
for the spindle

e Vertical MCP, with Chinese keys and an override switch
for the spindle

22.2 MCP control elements

Horizontal MCP

Vertical MCP

¢ Variant with an override switch for the spindle ¢ Variantwith a reserved slot for the handwheel

70\ | 10
N S

60 10

50— ~

%

120

@ Reserved hole for emergency stop button Feedrate override switch
@

Tool number display ® Spindle control keys
Displays the number ofthe currently active tool
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Operating mode selection area Keys for program start, stop, and reset

Program control keys Pre-defined labeling strips for keys of the MCP

User-defined keys Reserved slot for the handwheel

®@ e 06

Axis traversing keys Spindle override control keys

SNCNCNOR®

Spindle override switch

Functions of user-defined keys

6 Switches on/off the machine tool working lamp (always active independentofthe machine operating
mode)

LAMP Indicator on: The working lamp on the machine tool is switched on.

Indicator off: The working lamp on the machine tool is switched off.

Switches on/off of the coolantsupply (always active independentofthe machine operating mode)

?E' Indicatoron: The coolantsupply is switched on.
LA Indicator off: The coolantsupply is switched off.
Controls the locking/unlocking of the safety door
D"D Indicatoron: The safety dooris unlocked.
= Indicator off: The safety dooris locked.
Note:

If you wantto unlock the safety door, make sure all axes and the spindle have stopped running.

Controlsif the magazine rotates clockwise (active only when the machineisin "JOG" mode)
Indicator on: The magazine rotates clockwise.

Indicator off: The magazine stops clockwise rotation.

Controlsif the magazine approaches the reference point (active only when the machineisin "JOG"
mode)

LED on: The magazineisreferenced.

2 ,‘;7
MAG REF

LED off: The magazine is notyet referenced.

Controlsif the magazine rotates counter-clockwise (active only when the machine isin "JOG" mode)

Indicator on: The magazine rotates counter-clockwise.
MAG CCW

Indicator off: The magazine stops counter-clockwise rotation.

Controlsif the chip remover rotates forward (active only when the machine isin"JOG" mode)

'0381 Indicator on: The chip remover starts forward rotation.

R Indicator off: The chip remover stops rotation.

s Controlsif the chip remover rotates reversely (active only when the machineisin "JOG" mode)
:H; nevl Indicatoron: The chip remover starts reverse rotation.

Indicator off: The chip remover stops reverse rotation.

K9 to K12 Reserved keys.

You can define the functions of these keys in PLC Programming Tool. For more information, see the
SINUMERIK 808D/SINUMERIK 808D ADVANCED Commissioning Manual.
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Pre-defined labeling strips for keys of the MCP

The MCP package includes two sets (six pieces each) of pre-defined labeling strips. One set (@ as shown below) is for the

turning variantof the control system and pre-inserted on the back of the MCP. The other set (@ as shown below)is for the
milling variantofthe control system.

If your control system is a milling variantof the control system, replace the pre-inserted labeling strips with the milling-

®

A

specificones.
A
p
T1 T2 T3 T4 T5
o || & 4
o TOOL
LAMP COOLANT CHANGE X
2
0k ||« a «— ||VL
CHUCK INT. EXT. TAILSTOCK Z RAPID
K7 K8 K9 l
X
—_ | [ —>
K10 || K11 || K12 1 10

T6

—
100

r ~
M1 M2 M3 M4 M5 M6
2 @ @
O || ¢ || On t 1B~
LAMP COOLANT DOOR z Y
fr~3 S
G|@|B| ||V
MAGCW | | MAG REF | | MAG Cow X| | rariD X
% %
B (B0 | ke | | || |
CHIPFWD | | CHIP REV Y V4
—_ | [ —> | | —>
K10 K11 K12 1 10 100

If the pre-defined labeling strips cannotmeetyour needs, proceed as follows to make customized labeling strips by using the

Ad4-sized blank plastic sheet in the MCP package:
1. Open the "Symbols for MCP customized key_808D"file in the "examples\SINUMERIK_808D\MCP" folder on the

Toolbox DVD for the control system on your computer.

2. Copythe desired symbols of keys from the file and then paste them to the desired locations for key labelsin the
"Strip_template_808D"file.

3. Printthe final labeling strip template file on the blank plastic sheet.

4. Replace the pre-inserted labeling strips from the MCP with the customized ones.
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2.3 Coordinate systems

As a rule, a coordinate system is formed from three mutually perpendicular coordinate axes. The positive directions of the
coordinate axes are defined using the Cartesian coordinate system. The coordinate system is related to the workpiece and
programming takes place independently of whether the tool or the workpiece is being traversed. When programming, itis
always assumed thatthe tool traverses relative to the coordinate system of the workpiece, which is intended to be
stationary.

The figure below illustrates how to determine the axis directions.

+Z

+X

Machine coordinate system (MCS)

The orientation of the coordinate system relative to the machine depends on the respective machine types. It can be rotated
in different positions.

The directions of the axes follow the Cartesian coordinate system.

The figure below shows an example ofthe machine coordinate system ofa flat-body turning machine with a front tool holder.

+Y

The origin of this coordinate system is the machine zero, defined by the machine manufacturer.

The traversing range of the machine axes can be in the negative range.
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Workpiece coordinate system (WCS)

To describe the geometry of a workpiece in the workpiece program, aright-handed, right-angled coordinate system is also
used.

Generally, X0/Y0 of the WCS is set at the center, edge or corner of the workpiece while Z0 is set on the top surface of the
workpiece.

See the followingillustrations for X0/Y0 at the center, edge and corner of the workpiece respectively.

<l

The figure below shows an example ofthe workpiece coordinate system.

W = Workpiece zero

Relative coordinate system (REL)

In addition to the machine and workpiece coordinate systems, this control system provides a relative coordinate system.
This coordinate system can clear the current coordinate values atany position and has no influence on workpiece machining
or the position of WCS. All axis movements are displayed relative to this position.
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24 Protection levels

Overview

The control system provides a concept of protection levels for enabling data areas. Different protection levels control
different accessrights.

The control system delivered by Siemens is set by default to the lowest protection level 7 (without password). If the
password is nolonger known, the control system must be reinitialized with the default machine/drive data. All passwords are
then reset to defaultpasswords for this software release.

Note

Before you boot the control system with defaultmachine/drive data, make sure that you have backed up your machine/drive
data; otherwise, all data are lost after rebooting with default machine/drive data.

Protection level Locked by Area

0 Siemens password Siemens, reserved

1 Manufacturer password Machine manufacturers

2 Reserved -

3-6 End user password End users
(Defaultpassword: "CUSTOMER")

7 No password End users

Protection level 1

Protection level 1 requires a manufacturer password. With this password entry, you can perform the following operations:
® Entering or changing partof the machine data and drive data

® Conducting NC and drive commissioning

Protection level 3-6

Protection level 3-6 requires an end user password. With this password entry, you can perform the following operations:
® Entering or changing partof the machine data

e Editing programs

® Setting offset values

® Measuringtools

Protection level 7

If you have not set the password or protection level interface signal, the system sets the protection levelto 7 automatically.
With this password entry, you can perform the following operations:

e Editing programs
® Setting offset values
® Measuringtools

You can also set protection level 7 through the PLC user interfaces. For more information, see the
SINUMERIK 808D/SINUMERIK 808D ADVANCED Commissioning Manual.

In the menuslisted below the inputand modification of data depends on the set protection level:
® Tool offsets

® Work offsets

® Setting data

® Program creation/program correction

The numberof machine data and drive data which can be read or modified depends on the protection level. You can set the
protection level for these function areas with the display machine data (USER_CLASS...).
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Setting the password

8 IA

SHIFT | + | ALARM

2.
Set
password
Y, 3.
Accept

Select the system data operating area.

Open the following password setting window and then enter the desired password (default
end-user password: CUSTOMER):

Please enter password !

LES S &8 8 8

Confirm the input.

Changing/deleting the password

Note

To avoid unauthorized access to the controller, you mustchange the Siemens defaultpasswords to yourown ones.

{} Wj§§

SHIFT | + | ALARM

Change 2.
password
‘/ 3
Accept
4.
\/ 5.
Accept
Delete 6.
password

Select the system data operating area.

If you desire to change the existing password, press this softkey to open the following win-
dow and enterthe new password:

Please enter new password !

LES S &8 8 8

If you desire to delete the existing password, proceed directly to Step 6.
Confirm the new password.

Enter the new password againin the following window:

Please confirm password !

LES S &8 8 8

Press this softkey to confirm the new password.

If you desire to delete the existing password, directly press this softkey.
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3

Common notices for machining operations

To ensure the safety and correctness of machining, you mustobserve the following notices during machining operations:

4

Reference pointapproach is required only for machine tools equipped with incremental encoders.

Before running the spindle manually, make sure you have activated the tool.

Before executing M functions, make sure all the axes are in safe positions.

During handwheel assignment, make sure there is no obstacle when moving the tool to avoid tool collision.
To guarantee the safety and correctness of machining, you mustverify the tool setup result.

You mustdistinguish the direction of tool wear compensation clearly before entering the tool wear offsets.
Before machining the workpiece on the machine, make sure the following preconditions are met:

— The PRT mode and the dry run feedrate are deactivated.

— The feedrate override is 0%.

— The safety door is closed.

After changing importantdata, it is recommended to carry out an internal data backup immediately.

Switchingon and referencing

Note
Reference pointapproach is required only for machine tools equipped with incremental encoders.

Operating sequence

1. Turn on the power supply for the machine tool.
-
2. Release all emergency stop buttons on the machine. By default, the control system is in

reference pointapproach (REF.POINT) mode after startup.

e If a machine axisis equipped with an absolute encoder, the axis is referenced
automatically after the control system starts and therefore reference pointapproachis
unnecessary. The circle symbol (lower-leftfigure) next to the axis identifierindicates that
the axis is already referenced.

e If a machine axisis equipped with an incremental encoder, the axis is not referenced
after the control system starts. The circle symbol (lower-rightfigure) nextto the axis
identifierindicates that the axis has not been referenced. Proceed to Step 3.

e _’é_ M al _’é_
IMI REF.POINT IMI REF.POINT
NC:\MPF® NC:\MPF®

¥ Reset ¥ Reset

MCS

MxX1 © MxX1 e

next to the axis identifier.

®T ®/ N7 3. Use the corresponding axis traversing keys to traverse the axes until thesymbol appears
X

20
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5 Setting the userinterface language

Note

The defaultuser interface language is dependenton the PPU type. For a PPU with Chinese keys, the default language is
Chinese after power-on; otherwise it's English. If you desire to change it, proceed through the following operating sequence;
otherwise, skip this chapterand proceed to the next chapter for setting up tools.

Operating sequence

G SYZ"Q\ 1. Select the system data operating area.
SHIFT + | ALARM
Change 2. Open the userinterface language selection window.
language
3. Use the cursorkeys to selectthe desired language.
e X Selection of user interface language
Simpl. Chinese b3 [EHEFE] *
English English *
v 4. Press this softkey to confirm your selection and the system is automatically restarted to
oK activate the selected language.

6 Settingup tools
6.1 Creating a tool

Note

The control system supports a maximum of 64 tools and 128 cutting edges. You can create a maximum of nine cutting
edges for each tool. Before executing a part program, you must first create the desired toolin the tool list and proceed with
the tool setting operations.

Operating sequence

T_LQ 1. Select the offset operating area.
OFFSET
2. Open the tool list window.
Tool
list
3. Open the lower-level menu for tool type selection.
New

tool
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Milling
tool

Drilling
tool

Tapping
tool

Ball end
mil.tool

0K

©

INPUT

6.2

Select a tool type (for example, a milling tool) with the corresponding softkey.

Enter the tool numberin the following window:

New milling tool

Tool No.: 1

Identifier
2% Milling tool

Press this softkey to confirm your settings. The window below shows the information ofthe
new tool created. Set the desired tool data in this window.

Tool list
Type T D H Geonetry
@ @ Length Radius
& 11 a 8.8688 8.086808

e Column @ indicates the tool offset numberin Siemens dialectmode.
e Column @ indicates the tool offset number visible onlyin ISO dialectmode.

Press this key to confirm your settings.

Creating/changing a cutting edge

Note

Before creating or changing cutting edges, you mustfirst create tools|(Page 21).

Operating sequence

1o

OFFSET

Tool
list

AV

B ES

22

1. Selectthe offset operating area.

2. Open the tool list window.

3. Select the tool to which you desire to add a cutting edge.
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4. Open the menuitems for cutting edge settings.

Edges
5. Press this softkey to create a new cutting edge for the selected tool. The control system

New automatically adds the new cutting edge to the tool list. Now you can enter different
edge lengths and radii for each cutting edge.

Tool list

Type T D H Geometry

Length Radius

s 1 1 8 B.000 1.666

& 2 %] 0.080 0.0008
Reset 6. You canalso pressthe corresponding softkey to reset or delete a cutting edge.
edge
Delete
edge

6.3 Activating the tool and the spindle

Note
A tool in the tool list is not active until you activate itin "MDA" mode or the "T, S, M" window.

Operating sequence

— 1. Select the machining operating area.

M

—
MACHINE

2. Switch to "JOG" mode.

MWy
UL

JOG

X TSM

3. Open the "T, S, M" window.

4. Enter the desired tool number (for example, 1) in the "T, S, M" window.
Tool change 1 D1
Spindle speed rpm
Spindle direction o
Activate LIO o
Other M function

Press 'CYCLE START' < to activate above functio

-» 1,5M
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5. Press this key to move the cursor to the input field for the spindle speed, and enter the de-
sired speed, for example, 1000.

<

6. Press this key again to move the cursor to the inputfield for the spindle direction.

<

7. Use this key to select the spindle direction, for example, "M3".

C

w
&
g

Press this key on the MCP to activate the tool and the spindle.

9. Press this key on the MCP to stop spindle rotation.

N
A
(oo}

4 10. Press this softkey to returnto the main screen of the machining operating area.

Back

Note
You can alternatively activate the spindle using the following keys on the MCP:

Al

For more information, see Section 'Running the spindle manually (Page 288)".

6.4 Assigning the handwheel

If the machine manufacturer has assigned the handwheel for the control system, you can skip this section and directly
measure the tool|(Page 27) after/activating the tool and the spindle (Page 23).

This control system provides the following two methods for assigning the handwheel:
® Assigning the handwheel through the MCP|(Page 24)
® | Assigning the handwheel through the PPU | (Page 25)

Note
Make sure there is no obstacle when moving the tool to avoid tool collision.

6.4.1 Assigningthe handwheel through the MCP

Precondition
MD14512[16].7 = 0 (factory default)

Operating sequence

— 1. Select the machining operating area.
M

| S—

MACHINE

) 2. Press this key on the MCP to control the axis movementwith external handwheels.
HAND

WHEEL
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@ ® @ 3. Press the desired axis traversing keys to assign the handwheel.
| T
X Y| Z
—] || =] || —>] 4. Press the incrementkeys on the MCP to select the required override increment.
1 10 100 e 1:The overrideincrementis0.001 mm.

e 10: The override incrementis0.010 mm.
e 100: The overrideincrementis0.100 mm.

5. Rotate the handwheel to make the selected axis approach the workpiece.
Cut the surface of the workpiece to verify the handwheel assignment.
&« 7. Press this softkey to close the window for handwheel assignment.
Back
8. Press this key to return to the main screen of the machining operating area.

>

6.4.2 Assigningthe handwheel through the PPU

Precondition
Set MD14512[16].7 = 80 (defaultvalue: 0). With this setting, you can only assign the handwheel through the PPU.

Operating sequence (activating the handwheel control function on the PPU)

If this function is already active, skip the steps below and proceed directly to the operating sequence for assigning the
handwheel through the PPU.

G SYZ“Q\ 1. Select the system data operating area.
+| ALARM

SHIFT

data

. 3. Press this softkey to open the basic machine data list.
list

2. Open the machine data window.

4. Press this softkey to open the search field and enter the machine data"14512".
Search
v 5. Confirm your entry with this softkey. Then the system starts searching automatically.
0K
6. Move the cursorto the inputfield for 14512[16].
vﬁ
7. Enter the value "80".

Confirm your entry.

©

INPUT

9. Press this vertical softkey to activate the value change. Note that the control system restarts
Activate to accept the new value.
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Operating sequence (assigning the handwheel through the PPU)

M

| —
MACHINE

HAND
WHEEL

>

Handwheel

AV

X ES

SELECT

1 10 100

«
Back

26

1.

11.

Select the machining operating area.
Press this key on the MCP.
Press this key to open the extended menu.

Open the handwheel assignmentwindow.

Select the handwheel to be assigned with the cursor keys in the following window. You can
assign a maximum oftwo handwheels.

Handwheel

Number Axis
1] X (o)
p Q

Press the desired vertical softkey (<X> ... <MZ1>) or this key for the handwheel assignment
The handwheel symbol which appears to the left of the selected axis (for example, the X-
axis) indicates that you have assigned the handwheel to the selected axis.

MCS Position

o MX1 0.000

Press the incrementkeys on the MCP to select the required override increment.
e 1:The override incrementis 0.001 mm.

e 10: The overrideincrementis0.010 mm.

e 100: The override incrementis 0.100 mm.

Rotate the handwheel to make the selected axis approach the workpiece.
Machine a surface to verify the handwheel assignment.

Press this softkey to close the window for handwheel assignment.

Press this key to return to the main screen of the machining operating area.
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6.5 Measuring the tool manually

Note

e You mustfirst create a tool (Page 21) and activate it (Page 23) before measuring the tool.

e This section takes the milling tool measurementforexample. If you have created other types of tools, proceed through
the following steps to finish the measurementofall the tools. This will make the tool change process easier.

Operating sequence

M
| S|
MACHINE
AWV 2.
VL
JOG
!I Meas. 3.
tool
Measure 4.
manual
5.
<
X /v lz
6.

HAND
WHEEL

SELECT

1 10 100
9.
length
11,
Diameter

— / iz 12.

X Y

Select the machining operating area.

Switch to "JOG" mode.

Open the tool measurementwindow.

Open the manual tool measurementwindow.

Press the axis traversing keys to move the infeed axes to the desired positions above the
workpiece.

Switch to handwheel control mode.

Press this key to set the workpiece or a fixed pointas the reference point.
Note:
You can define a fixed point as desired, for example, the workbench.

Select a suitable override feedrate, and then use the handwheel to move the tool to scratch
the required workpiece edge (see the left illustration shown below) or the edge of the setting
block, ifitis used (see the right illustration shown below).

a

X0 X0

Enter the distance between the tool tip and the reference pointin the "Z0" field, for example,
"0". (This value is the thickness of a setting block if itis used.)

Tool measure manual

2 T 1 D 1
EI Ref. point Workp. @
Za Zs  ©.809 mm
X Length(L) 0.000 mm

Save the tool length value in the Z axis. The tool diameter, radius, and cutting edge position
are alltaken into account.

Press this vertical softkey to open the window for measuring the tool diameter.

Press the axis traversing keys to move the tool to approach the workpiece in the X direction.
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@ 13.
HAND
WHEEL

1 10 || 100
15.
Cet 16.
diameter
17.
Tool list

Switch to handwheel control mode.

Select a suitable override feedrate, and then use the handwheel to move the tool to scratch
the required workpiece edge (or the edge of the setting block, if itis used).

Enter the distance to the workpiece edge in the X and Y directionsin the "X0" and "Y(Q"
fields respectively, for example, enter"0" at "X0" and "0" at "Y0". (This is the value of the
width of a setting block if it is used. Select one of X0/Y0 as required.)

Tool measure manual

Z T 1 D 1
Xa mm
Yp 0 mm
Yo ¥ Diameter 0.600 mm

Save the tool diametervalue.

Press this softkey and you can see that the compensation data values have been automati-
cally added to the tool data.

6.6 Verifying the tool offset result

To guarantee the safety and correctness of machining, you mustverify the tool setup result.

Note

Before verifying the tool setup result, you musthave finished all tool setup work as mentioned before.

Operating sequence

W 1.

| S—
MACHINE

@ 2.

MDA

Delete 3.
file

4.
T Load
& file

5.
ROV

6.

. 7-

Select the machining operating area.

Switch to "MDA" mode.

Press this softkey on the PPU.

Enter the following test program (or you can create your own program):
T1 D1
G00 X0 Y0 Z5

Alternatively, you can press this softkey to load an existing part program from a system
directory.

Press this key to activate the "ROV" function (indicator on: this function is active).

Note:

After the "ROV" function is active, the feedrate override switch can also control the speed of
G00.

Rotate the feedrate override switch to 0%.

Press this key on the MCP.

Increase the feedrate override gradually to avoid accidents caused by fast axis movement.
Observe whetherthe axis movesto the specified position.

For more information on the further softkey functionsin "MDA" mode, see Section ""MDA" mode (Page 295)".
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7 Creating part programs

71 Creating a part program

The control system can store a maximum of 300 part programs which include those created by the control system for certain
functions such as MM+, TSM, and so on.

AWARNING

Machine malfunction due to use of insecure part programs
Running aninsecure partprogram on your machine may cause unexpected attacks to the machine, which inturn can lead
to death, personalinjuries, and/or machine damage.

¢ Make sure that you use part programs that come from trusted sources.

Methods for creating part programs

You can create a part program with one of the following methods:

e Creating ona computerand transferring it to the PPU via USB interface (Page 67)

e (Creatingona computerand transferringit to the PPU via Ethernetinterface (Page 70)

e Creatingdirectly on the PPU (see below for details)

Creating a part program onthe PPU

1.

PROGRAM
MANAGER

[NC] e

New

New
directory

0K

INPUT

Select the program managementoperating area.

Press this softkey to enter the system directory for storing part programs.

To directly create a new program file, press this softkey and go to Step 4.

To create a new program directory first, press this softkey and proceed as follows before
you go to Step 4:

A. Press this softkey to open the window for creating a new directory.

New directory

Type: Directory DIR
Name:

B. Enter a desired name forthe new directory. Note that some special characters (see table

atthe end of this section) are invalid for the directory name.
C. Press this softkey to confirm your entry.

D. Select the new directory with the cursor keys.

E. Press this key on the PPU to open the directory.
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4. Press this softkey to open the window for creating a new program.

New
file New G code program
Tupe: Main program MPF
Name:
5. Enter the name of the new program. You can enter the file name extension ".MPF" (main
program)or".SPF" (subprogram)to define the program type. The control system identifies a
program as a main program ifyou do not enter any file name extension. The character
length of a program name is limited to 24 English characters or 12 Chinese characters. Note
that some special characters (see table at the end of this section) are invalid for the pro-
gram name.
6. Press this softkey to confirm yourentry. The part program editor window opens automatical-
v ly. Now you can edit the program text in the window. The control system saves your editing
OK automatically.
13:50:16
HEF.%HI 2015/12/22
g:eof::

Renumhber

Special characters invalid for program or directory names

The control system does not support the use of the following special charactersin program or directory names:
/ < > ? : # ( ) [ ] $ ! -
¥ A \ - I ; & % @ = ~ ‘ Space
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7.2 Editing the part program

721 Using a standard program structure

Using a standard program structure provides an easy way of part programming and a clear view of the machining
sequences. Siemens recommends thatyou use the following program structure:

Program start |

T, S, M function

Geometrical data/traverse

Return to change tool

T, S, M function

Geometrical data/traverse

Return to change tool

T, S, M function

Geometrical data/traverse

Return to change tool

| Program end

N10 G17 G90 G54 G94 G71

N20 T1 D1 M6

N30 S5000 M3 F300
N40 G00 X100 Y100 Z5
N50 GO1 z-5

N60 Z5

N70 GO0 2500 DO

N80 T2 D1 M6

N90 S3000 M3 F100
N100 GO0 X50 Y50 Z5
N110 GO1 Z-5

N120 Z5
N130 GO0 Z500 DO

N140 T3 D1 M6
N150 S3000 M3 F100
N160 GO0 X50 Y50 Z5
N170 GO1 Z-5

N180 Z5
N190 GO0 2500 DO

N210 M30

| v N200 GO0 G40 G53 X0 YO Z500 DO

7.2.2 Editing a partprogram

Methods for editing part programs

You can edit a part program with one of the following methods:

e Editingon a computerand transferring it to the PPU via USB interface (Page 67)

e Editingon a computerand transferring it to the PPU via Ethernet interface (Page 70)

e Editing directly on the PPU (see below for details)

Editing aninternal part program on the PPU

You can edit an internal part program only when itis not being executed. Note that any modification to the part program in
the program editorwindow is stored immediately.

PROGRAM
MANAGER

[NC]ne

Note:

Steps 1 to 4: Search for a program file

Steps 5 to 9: Edit the selected program in the open program editor window
Select the program managementoperating area.

Press this softkey to enterthe system directory for storing part programs.
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3. Select the desired program file/directory in one of the following methods:

o Navigate to the program/directory with the cursor keys

e Open the search dialogbox and enter the desired search term.
Search Note:

If you search for a program, the file name extension mustbe entered in the first input
field of the dialog box below.

Name:

Contained text:

[lInclude subordinate folders
[ 1Case-sensitive

Search in:.  /_N_MPF_DIR/

e On the PPU, pressthe alphabetic or numeric key that contains the first character of the
desired program/directory name. The control system automatically highlights the first
program/directory whose name starts with that character. If necessary, press the key
continuously until you find the desired program/directory.

4. Press this key to open either the selected program in the program editor or the selected
—<>> directory. In the latter case, perform Step 3 and then Step 4 until the selected program is
INPUT opened in the program editor.

5. Edit the program text in the program editor window using the following keys on the PPU:
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6. When necessary, select the following vertical softkeys to complete more program editing

operations.

-
REF.POINT

NC:\MPF\TEST.MPF 1 Execute

ﬂl@ G17 G9o G54 G68 ROT f
20 T1 D1 1

430 M6 1

440 54000 M3 M8 T

450 GB X-48 Yo |

460 Go 22 |

{76 CYCLE71( 56, 1, 2, 8, -25, -25, 56, 50, 8, 1,

i88 54500

490 CYCLE71( 50, 1, 2, @, -25, -25, 50, 50, 0, 1,

{160 Go 7108 1

110 T2 D1

120 M6 1

130 54000 M3 1

140 M8 Ge X-13 Y16 I
{150 Go 22

1160 _ANF: 1

+ ,8, 480, 11, )T

. 40, 400, 32, )T

{170 POCKET3( 50, 8, 2, -5, 13, 18, 4, -13, 16, 8, 5, 0.1, ©.1, 360,

200, 2, 11, 2.5, , , ,2, 21

13:52:18
2015/12/22

Renumber

Search

e Renumbering program blocks

With this softkey, you can modify the block numbering (Nxx) ofa program openedin the
Renumber program editor window. After you press this softkey, the block numberisinserted at the

beginning ofthe program blockin ascending orderandis increased by an incrementof10

(for example,N10,N20, N30).
e Searching in programs

Pressing this softkey opensthe search dialog box. You can use the search function to
Search quickly arrive at points where you would like to make changes, for example, in very large

programs. You can search with specified text or line number by selecting the corresponding

softkey as follows:

Line
ho.

Text

e Copying/deleting/pasting program blocks

Mark
On

C. Press this softkey to copy the selection to the buffer memory.

Copy -OR -

DEL memory.
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Press this key to delete the selected program blocks and to copy them into the buffer
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PROGRAM
MANAGER

D. Place the cursoron the desired insertion pointin the program and press this softkey. The
content of the buffer memory is pasted.

If you wantto program cycles, press the corresponding softkey to open the desired cycle
programming window. For more information, see Section ['Cycles| (Page 152)".

If you wantto program contours, press this softkey to open the contour programming win-
dow. For more information, see Section 'Free contour programming (Page 306)".

Press this key to return to the program managementoperating area after finishing editing.

Note:

When you are in the main screen of the program managementoperating area, you can
select to make the following operations between programs:

e Searchingfor programs

e Copying/cutting/pasting programs

e Deleting/restoring programs

e Renamingprograms

For more information, see Section 'Program managementoperating arez (Page 281)".

Editing an external part program on the PPU

You can edit an external part program directly on the PPU. Note that the program can be edited only wheniit is not being

executed.

PROGRAM
MANAGER

¥ use

_+ Netwo.

== drive

., OEM
files

, User
files
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Note:

Steps 1 to 3: Search for a program file

Steps 4 to 7: Edit the selected program in the open program editor window
Select the program managementoperating area.

Press the desired softkey to enter the target program directory.

Follow the above steps 3 and 4 for editing an internal program to search for and open the
desired program file.
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4. Edit the program text in the program editor window using the following keys on the PPU:

=|2(A F
BEE0E0 2=
BREE PE

5. When necessary, select the following vertical softkeys to complete more program editing
operations.

e Renumbering program blocks
With this softkey, you can modify the block numbering (Nxx) ofa program openedin the
Renumber program editor window. After you press this softkey, the block numberisinserted at the

beginning ofthe program blockin ascending orderandis increased by an incrementof10
(for example,N10,N20, N30).

e Searching and replacing in programs

Pressing this softkey opens the search dialog box. You can use the search function to
Search quickly arrive at points where you would like to make changes, for example, in very large
programs.

You can search with specified text or line number by selecting the corresponding softkey as
follows:

Line
no.
If more than one search resultis found, you can also use the following softkey to check the
remaining results one by one:
Continue
search

Text

You can search and replace with specified text by using the following softkey:

Search &
replace

If more than one search resultis found, you can also use the following softkey to replace the
remaining results one by one:

Replace

e Copying/deleting/pasting program blocks

Mark A. Press this softkey in the open program editor window to insert a marker.

B. Selectthe desired program blocks with the cursor.

o Ve
>
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Copy

DEL Cut

Paste

Cut

Undo

Redo

X

Cancel

v
0K

PROGRAM
MANAGER
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C. Press this softkey to copy the selection to the buffer memory.
-OR -

Press this key/softkey to delete the selected program blocks and to copy them into the buff-
er memory.

D. Place the cursoron the desired insertion pointin the program and press this softkey. The
content of the buffer memory is pasted.

e Cutting a row of program blocks
With this softkey, you can delete the entire program row where the cursoris placed and

copy into the buffer memory. Then you can move the cursor to the desired position and
press the following softkey to paste the cut program row at the currentcursor position:

Paste

¢ Undoing/redoing operations

Pressing this softkey allows you to revoke yourlast operation.
Pressing this softkey allows you to restore your last operation thatis revoked.

Save the program file after finishing editing through the following softkey operations:

Save

If you switch to any other operating area after finishing editing without saving, a message
appearsto remind you to save the file, for example:

@ Save file USB:\Test_T.mpf?

In this case, you may press either of the following softkeys as desired:

Pressing this softkey aborts the editing results and system switches to the desired operating
area.

Pressing this softkey saves the editing results before the system switches to the desired
operating area.

Press this key to return to the program managementoperating area.

Note:

When you are in the main screen of the program managementoperating area, you can
select to make the following operations between programs:

e Searching for programs

e Copying/cutting/pasting programs

o Deleting programs

¢ Renamingprograms

For more information, see Section 'Program managementoperating arez (Page 281)".
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Note

When you perform editing operations such as renumbering, searching, and saving ofan external program file larger than

4 MB, a message appearsreminding you thatit will take a long time to complete the operations.

To ensure that the program editor works properly, you are recommended to editan external program file smaller than

200 MB.

723 Understanding frequently used programming instructions
7.2.3.1 Inch or metric dimensions (G70/G71)

Description Programming example
G71: N10G17 G90 G54 G71

With G71 at the program start, both the geometrical data
and the feedrates are evaluated as metric units.

N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 GO0 X100 Y100 Z5
N50 G01 Z-5

N602Z5

N70G00 Z500 DO

G70:

With G70 at the program start, the geometrical datais eval-
uated as inches, but the feedrates are not affected and

remain as metric units.

N10G17 G90 G54 G70
N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 G00 X3.93Y3.93 756
N50 G01 Z-0.787
N60Z0.196
N70G00Z19.68 DO

For more information, see Section 'Dimensionsin metric unitsand inches: G71, G70, G710, G700 (Page 82)".

7.2.3.2 D efinition of work offset (G54 to G59, G500, G90/G91)
Description Illustration Programming example
G500: A N10G17 G90 G500 G71
All absolute path data corresponds to X50 Y50 N20T1 D1 M6
the curren’g posi.tion. The positior.1 val- G500 X -1 N30 S5000 M3 G94 E300
g]?fiea;.re written in the G500 (basic) zero | | é ] N40 GO0 X50 Y50 Z5
G500 Y N50 G001 Z-20
N60Z5
e VL > N70G00 Z500 DO
G54 to G59: A N10G17 G90 G54 G71
With G500 = 0, the offset for the work- X50 Y50 N20T1 D1 M6
piece can be stored in the workpiece G54 X ® N30 S5000 M3 G94 F300
offsets G54 to G59. < > N40 GO0 X0 YO Z5
& G54 Y N50 GO1Z-20
N60Z5
6 VL > N70G00 Z500 DO
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Description Illustration Programming example
G500 + G54: N10G17 G90 G500 G71
4 G54 X0
With G500 + 0 activated, the valuein G54 YO N20T1 D1 M6
G500 is added to the valuein G54. G500 X -4 N30 S5000 M3 G94 F300
< é N40 GO0 G54 X20Y20 Z5
1‘ G500 Y N50 G01 Z-20
N60Z5

N70G00 G53 Z500 DO

G90:

With G90 (absolute positioning) atthe
program start, the geometrical data
refers to the zero of the coordinate
system currently active in the program,
usually with G54, G500, or G500 +
G54.

N10G17 G90 G54 G71
N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 GO0 X100 Y100 Z5
N50G01 Z-20

N60Z5

N70G00 Z500 DO

G91:

With G91 (incremental positioning), you
can add numerical value of path infor-
mation (the incremental positioning with
the current axis position as the start
point) in the program. Subsequently,
switch to absolute positioning with G90.

N10G17 G90 G54 G70
N20T1 D1 M6

N30 85000 M3 G94 F300
N40 G00 X3.93 Y3.93 Z20.196
N50 G01 G91 Z-0.787
N60Z0.196

N70G00 G90 Z19.68 DO

For more information, see Sections "'Workpiece coordinate system - settable work offset: G54 to G59, G500, G53, G153

(Page 88)" and 'Absolute/incremental dimensioning: G90, G91, AC, IC|(Page 81)".

7.2.3.3 Rapid traverse (G00)
Description Illustration Programming example
GO0O: N10G17 G90 G54 G71

When GO0 is active in the program, the
axis will traverse at the maximum axis
speed in a straightline.

Straightline in any direction

N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 GO0 X50 Y50 Z5
N50 G01 Z-5

N60Z5

N70G00 Z500 DO

For more information, see Section 'Linearinterpolation with rapid traverse: GO (Page 91)".
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7234 Tool andtraverse (T, D, M6, F, G94/G95, S, M3/M4, G01)

Description

Programming example

T, D:

A new tool can be selected with the "T" command, and the "D" command
is used to activate the tool length offset.

M6:

M6 can be used for automatic tool change on the machine.

G94/G95, F:

The feedrate is defined with "F". G94 F defines feedrate in terms of time
(mm/min)and G95 F defines feedrate in terms of spindle revolutions
(mm/rev).

S, M3/M4:

The spindle speed is defined with "S". The spindle direction is defined
with M3(clockwise) and M4 (counter-clockwise).

GO1:

When GO01 is active in the program, the axis traverses at the pro-
grammed feedrate (as defined by G94 F or G95 F) in a straight line.

N10G17 G90 G54 G71
N20T1 D1 M6
N30S5000 M3 G94 F300
N40 GO0 X50 Y50 Z5
N50G01 Z-5

N60 Z5

N70 GO0 Z500 DO

For more information, see sections as follows:

® Tool T/(Page 116)

® Tool compensation number D (Page 116)

® |Feedrate F|(Page 92)

e Spindle speed S, directions of rotation|(Page 109)

® Linearinterpolation with feedrate: G1/(Page 92)

7.2.35 Tool radius compensation (G40, G41/G42)

The tool radius compensation can be activated (G41/G42) or deactivated (G40) in contour programming.

® (G41:tool radius compensation to the left of the contour
® (G42:tool radius compensation to the rightof the contour

® (40: tool radius compensation off

/\

Arrow indicates the tool traversing
direction along the contour.

. .

ISKIRIGK

G41: the tool is always on the left of G42: the tool is always on the right of
the contour in the traversing direction. the contour in the traversing direction.

When traversing circle contours with cutter radius compensation, itmust be decided whether the feedrate should act at the

circle contour of the workpiece (CFC) or the path defined by the cutter center point(CFTCP).

When using the feedrate at the circle contour defined by the CFC command, the feedrate is constant at the contour, which
however may cause increase in the feedrate of the tool. This increase could damage the tool if excessive material is

encountered atthe contour. Therefore, CFC is commonly used for finish cutting of contours.

The CFTCP command ensures a constantfeedrate of the tool, but different feedrates at the contour. This may cause

deviationsin surface finish.
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Path of feedrate calculated at the
contour (CFC activated)

G41 for the compensation
direction, when the tool is on the
left of the contour

Path of feedrate calculated at the
cutter center point (CFTCP), inside
or outside the circle contour

These two commands may cause the cutter to traverse fast around a corner or slowly at the contour.

For more information, see Sections {'Tool radius compensation OFF: G40/(Page 122)" and !'Selecting the tool radius
compensation: G41,G42 (Page 119)".

7.2.3.6 Milling circles and arcs (G02/G03)

The following gives an example of machining arc with specified program code:
N10G17 G90 G500 G71

N20T1 D1 M6

N30 S5000 M3 G94 F300

N40 G00 X-20 Y-20 Z5

N50 G01 Z-5

N60 G41 X0 YO

N70Y50

N80 X100

N90G02 X125Y151-12J-35

N100G01 YO

N110 X0

N120 G40 X-20 Y-20

N130 G00 Z500 DO

* Note that N90 block as above can also be written as "N90 G02 X125Y15 CR=37".

When milling circles and arcs, you mustdefine the circle center point and the distance between the start point, end point,

and the center pointin the relative coordinate system.

When using the XY coordinate system, the interpolation parametersland J are available.
There are two common ways of defining circles and arcs:

e G02/GO3 X...Y... L. J...

e G02/G03 X...Y... CR=...
Use positive value in CR with arcs < 180°, and negative value with arcs > 180°.

Programming and Operating Manual (Milling)
40 6FC5398-4DP10-0BA6, 09/2017



The tool radius must be J
determined. v
Tool traversing

_J_\’ direction
o =% |
X100, Y50 X
SP

X0, Y50

(J)-35

X125, Y15
CP@® EP
(12
X0, YO X125, YO0

SP Start pointof circle
CP Center point of circle
EP End pointof circle
| Incremental distance from SP to CP in X axis
J Incremental distance from SP to CP in Y axis
G2 Traversing direction of the circle (clockwise)
G3 Traversing direction of the circle (counter-clockwise)

For more information, see Section 'Circular interpolation: G2, G3/(Page 93)".

7.2.3.7 Fixed point approach (G74/G75)

Description Programming example

G74: N10G17 G90 G500 G71

By using G74, reference pointcan be approached automati- | N20T1 D1 M6

cally. N30 S5000 M3 G94 F300
N40 G00 X50 Y50 Z5

N50 G01 Z-5

N60 25

N70 G74 Z=0 ;reference point

G75: N10G17 G90 G500 G71

By using G75, a fixed point on the machine defined by the N20T1 D1m6

manufacturer can be approached automatically. N30 S5000 M3 G94 F300

N40 G00 X50 Y50 Z5

N50 GO01 Z-5

N60 Z5

N70G74 Z=0 ;reference point
N80 G75 X=0 ;fixed point

For more information, see Section 'Fixed pointapproach (Page 104)".
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7.2.3.8 Spindle control

Description

Programming example

M3:

Spindle accelerates to the programmed speed in clockwise
direction.

M4:

Spindle accelerates to the programmed speed in counter-
clockwise direction.

M5:

Spindle decelerates to stop.

M19:

Sets the spindle to a specificangular position.

N10G17 G90 G500 G71
N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 GO0 X50 Y50 Z5
N50 G01 Z-5

N6OM5

N7025 M4

N80 M5

N9OM19

N100 GO0 Z500 DO

For more information, see Section Spindle movements (Page 109)".

7.2.39 Setting dwell time in the program (G04)
Description Programming example
G04: N10 G17 G90 G500 G71

GO04 can be used to pause the tool movements during ma-
chining process.

G04 F5: program dwells for 5 seconds
This makes the workpiece surface much smoother.

N20T1 D1 M6

N30 S5000 M3 G94 F300
N40 GO0 X50 Y50 Z5
N50 G01 Z-5

N60G04 F5

N7025 M4

N80 M5

N90 M19

N100 GO0 2500 DO

For more information, see Section 'Dwell time: G4 (Page 108)".

8 Program simulation

Simulation before machining

Before automatic machining, you need to perform the simulation to check whether the tool moves in the right way. During
simulation, the currentprogram is calculated in its entirety and the result displayed in graphic form. The result of
programming is verified withouttraversing the machine axes. Incorrectly programmed machining steps are detected at an
early stage and incorrect machining on the workpiece prevented.

You can choose one of the following methods for simulation:
e | Simulation priorto machining ofthe workpiece (Page 43)

® Simultaneous recording prior to machining of the workpiece (Page 45)

Simulation during machining

If the view of the work space is blocked by coolant, for example, while the workpiece is being machined, you can track the
program execution on the screen. For more information, see Section 'Simultaneous recording during machining ofthe
workpiece (Page 48)".
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8.1 Simulation prior to 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 is executed. This provides a simple way of checking the result of the programming.

Operating sequence

Note that the following Steps 1 to 3 describe how to open a desired program file on the
PPU. If you are already in the program editor window, you can go to Step 4 directly.

1. Select the program managementoperating area.

PROGRAM
MANAGER

3. Press this key and the program is opened in the program editor window.

4. Switch to "TAUTO" mode.

5. Press this softkey to open the program simulation window, and the program control mode
g=' Simu. PRT is automatically activated.
. 6. Press this key to start the simulation for the selected program.
The program execution is displayed graphically on the screen. The machine axes do not
move.
7. You can also selectthe vertical softkeys as required in the simulation window as follows:
16:12:36
D nlIET!l 2015/12/16
NC:\MPF\3.MPF SIEMENS nuto
& RUN ROU  PRT 00
Program simulation
N18 SUPA GO 2300 DAY

150 7 Show all

180 B i

50 -

A
B 4
Cursor
y 58 i ; i | , ; ; crs./fine
X -108 0 100 200

= Edit

Scales the entire simulation track automatically to adaptto the size of the window

Auto
zoom
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Opens the lower-level menu for the following block display options:
Show all  Displayall G17 blocks

e Displayall G18 blocks

e Displayall G19 blocks

Zooms in the screen from the cursor position

Zoom +
Zooms out the screen from the cursor position
Zoom -
Deletes all the simulation tracks recorded up till now
Delete
window
Makes the cursormove in large or small steps
Cursor
crs.ffine
. Enables the material removal simulation ofa defined blank
Material
removal
Selects whetherto show the blocks or not
Show
blocks
8. Press this key on the MCP if you wish to stop the simulation.
. ) OR )
Press this key on the MCP to cancel the simulation.
74
RESET
. 9. Press this key on the MCP to restart or continue the simulation.

10. After you finish the simulation, you can press this softkey to return to the program editor

g Edit window.
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8.2 Simultaneous recording prior to 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.

Operating sequence

1. Select the program managementoperating area.
PROGRAM
MANAGER
Enter the target program directory and position the cursor on the desired program.
3. Press this softkey and the system automatically changes to "AUTO" mode in the machining
Execute operating area.
4. Press this softkey to open the lower-level menu for program control.
% Prog.
=4 cntrl
5. Press this softkey to activate the PRT mode, and the program is executed withoutaxis
Program movement.
test
You can additionally press this softkey to replace the programmed feedrate with a dry run
Dry run feedrate. For more information aboutsetting the dry run feedrate, see Section Dry run
feedrate feedrate (Page 53)".
. 6. Press this softkey to open the simultaneous recording window.
4 Simult
€=’ record
7. Press this key to start the recording. The program execution is displayed graphically on the

screen. The machine axes do not move.

Press this key on the MCP if you wish to stop the recording.
-OR -

Press this key on the MCP to cancel the recording.

N [ .

RESET

Press this key on the MCP to restart or continue the recording.

©

Note

You mustdeactivate the PRT mode and the dry run feedrate activated in Steps 4 and 5 above before machining the
workpiece on the machine; otherwise the machining cannotbe performed due to the standstill of the axes and the spindle.

For more information aboutthe softkeys in the simultaneous recording window, see Section 'Simulation prior to machining of
the workpiece (Page 43)".
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9
9.1

Machining the workpiece

Executing a part program

Before starting a program, make sure that both the control system and the machine are set up, and the part program is
verified with simulation and test. Observe the relevantsafety notes of the machine manufacturer.

PROGRAM
MANAGER

AV

ES Eo

Execute

g;h Prog.
=0 cntrl

[ ]

DOOR

1.

Select the program managementoperating area.

Select the desired program directory.
Select the program thatyou desire to execute.

Press this softkey. For some directories, press the following softkey instead:

Ext. exe-
cution

The system automatically changes to "AUTO" mode in the machining operating area after
you press the softkey.

If desired, you can use this softkey to specify how you wantthe program to be executed (for
more information, see Section 'Program control functions (Page 53)").

Make sure the feedrate override is 0%. Press this key on the MCP to close the safety door.
If this function is not available, close the dooron the machine manually.

Press this key on the MCP to start the machining ofthe program.

Turn the feedrate override switch slowly to the desired value.

Pressing this key stops the execution of a part program. The program currently running is
aborted. On the next program start, the machining starts from the beginning.

Pressing this key suspends the execution of a part program. The axes stop running while
the spindle continues running. Press the following key again, and the program continues to
run.

Note

To ensure the shortest machining time, do not perform the HMI operations during program running, forexample, creating a
new program or editing an external program on the PPU.
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9.2 E xecuting specified blocks

If you would only like to perform a certain section of a program on the machine, then you do not need to start the program
from the beginning. You can start the program from a specified program block in the following cases:

e After you stop orinterrupt the program execution

® When you needto specify a target position, e.g. during remachining

Operating sequence
Proceed as follows to start machining from the last interruption pointin the program:

1. Select the machining operating area.

™M

—
MACHINE

2. Switch to "AUTO" mode.

=)

AUTO

HEl Block 3. Press this softkey to open the block search window.
=i search
| 4. Press this softkey to load the interruption point, and the cursor moves to the beginning of
"tPrtr- the target block which is interrupted last time.
poin
5. Press one of the following softkeys to set the condition for the block search:
g Yy
T e The program will continue from the line before the target block. The same calculations of
. t the basic conditions (e.g. tool and cutting edge numbers, M functions, feedrate and
CONLOUE spindle speed) in the previous blocks are carried out as during normal program
operation, but the axes do not move.
T e The program will continue from the target block containing the interruption point. The
. . same calculations ofthe basic conditionsin the previous blocks are carried out as during
end point normal program operation, butthe axes donot move.
Without e Block search withoutcalculation of the basic conditions. All settings required for
e execution have to be programmed from the targetblock (e.g. feedrate, spindle speed,
calculat. etc.).
For the block search to contour/end point, make sure you set MD11450 bit 2 to 1 to sup-
press the outputof the auxiliary functions. Note that MD11450 is visible only with the manu-
facturer password.
6. Make sure the feedrate override is 0%.
7. Press this key on the MCP, and then an alarm 010208 appears for your confirmation
. whetherto continue.
& . .
016208 <] Continue program with NC start 16:07
. 8. Press this key again to execute the program.
9. Turn the feedrate override switch on the MCP slowly to the desired value.
NOTICE

Damage to workpiece or machine tools

For the machining in ISO mode, you mustprogram the desired feedrate from the target block after a block search without
calculation. Otherwise, the axis will traverse atthe maximum speed with GO after you execute the program, which may
cause damage to the workpiece or the machine tools.
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9.3 Correcting a part program

As soon as a syntax errorin the part program is detected by the control system, program execution isinterrupted and the
syntax error is displayed in the alarm line. In this case, you can correct the error directly in the machining operating area with
the program correction function. When making program changes, the control system must be brought into the reset state.

Note
The program correction function is not available for program execution from external.

Operating sequence

Prerequisite: A part program isloaded in "AUTO" mode in the machining operating area.

1. Press this key on the MCP to place the program in the reset mode.
4
RESET
= Corr 2. Press this softkey to activate the block editing window.
Prog.
3. Make the necessary corrections. Any changes to the program will be stored immediately.
&« 4. After you finish the program correction, press this softkey to switch back to the block display
window.
Back
. 5. Press this key on the MCP to restart the machining ofthe program.
9.4 Simultaneous recording during machining of the workpiece

You can follow machining ofthe workpiece on the screen while the program is being executed on the machine.

Operating sequence

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Enter the target program directory and position the cursor on the desired program.
3. Press this softkey and the system automatically changesto "AUTO" mode in the machining
Execute operating area.
. 4. Press this softkey to open the simultaneous recording window.
‘dtSnnuH
€=’ record
5. Press this key to start the recording. The machining ofthe workpiece is started and graph-
. ically displayed on the screen.
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9.5 E ntering the tool wear offsets

Note

You mustdistinguish the direction of tool wear compensation clearly.

Two methods are available for entering the tool wear offsets: absolute inputand incremental input (default: absolute input).

Operating sequence for absolute input

1.

1o

OFFSET

t/j Tool

wear

3.
A* v‘*

4.

5.
©
INPUT

6.

Select the offset operating area.

Open the tool wear window.

Use the cursorkeys to selectthe required tools and their edges.

Enter the desired tool length wear parameter and the tool radius wear parameter (range of
valuein mm:-9.999 to 9.999).

Positive value: the tool compensatesin a direction of moving away from the workpiece.
Negative value: the tool compensatesin a direction of approaching the workpiece.
Note:

If there is already a non-zero offset value in the inputfield (for example, the existing tool
length offset value is "0.1") and you desire to increase the offset value, then you can either
directly enter the sum of the existing offset value and the increment, or call the pocket calcu-
lator to work out the tool wear offset (proceed through Steps 6 to 9).

Press this key or move the cursorto activate the compensation.

Tool wear < Absolute input >

Tupe T D Lear

Length Radius
A 1 1 0.200 0.000
i1 2 0.000 0.000

If you desire to use the pocket calculator, position the cursor on the desired inputfield and
press this key. Then the pocket calculatoris opened:

0. 100000

7 8| 9] /| 5|H(x)|£|
4] 5] 8] *| 05 |

1] 2] 3] +| & R
o|_|_.|_-| X2 8
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INPUT

Accept

50

Enter the desired arithmetic statementin the inputline of the pocketcalculator.

0.100000+0 . 1

118l9ls]  sw| cJ
L N D Y
1] 2] 3| +| % R
o|_ |_.|-| x? 0

Press this key and the calculation resultis displayed in the pocket calculator:

1188l s] s g
s|5]8( =] o)
1]12]3(+]
0| _|.l-] o

Press this softkey to enterthe resultin the inputfield at the current cursor position and close
the pocket calculator automatically.

Tool wear < Absolute input >

Type T D Wear
Length Radius
22 1 1 [ 8.200 0.000
24 2 0.000 0.000
Note:

For more information abouthow to use the pocketcalculator, see Section "Pocket calculator
(Page77)".
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Operating sequence for incremental input

Lo

OFFSET

t/j Tool

wear

A

X

v

s

Change to
increment.

INPUT

Select the offset operating area.

Open the tool wear window.

Position the cursor baron the input field to be modified.

Tool wear < Absolute input >

Type T D Wear

Length Radius
s 1 1 0.100 0.000
i1 2 0.000 0.000

Switch to incremental input.

Enter the desired incrementvalue, for example, 0.1.

e Positive value: the tool compensatesin a direction of moving away from the workpiece.
¢ Negative value:the tool compensatesin a direction of approaching the workpiece.
Note:

Alternatively, you can call the pocket calculator to work out the incrementvalue (see Steps
7 to 10).

Press this key or move the cursorto activate the compensation. Then the value displayed in
the inputfield becomes the sum of the original value and the incrementvalue.

Tool wear < * Incremental input >

Tupe T D Wear

Length Radius
A 1 1 0.200 0.000
i1 2 0.000 0.000

If you desire to use the pocket calculator, press this key.
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INPUT

Accept

52

10.

1] 8lal ] swo| cf
e 58] x| ol
1] 2] 3| +| % R
o|_ |_.|-| x? 0

Enter the desired arithmetic statementin the inputline of the pocket calculator.

Press this key and the calculation result(for example, 0.1)is displayed in the pocket calcu-
lator:

1188l s] s g
s|5]8( =] o)
1]12]3(+]
0| _|.l-] o

Press this softkey to add the calculation resultto the value in the inputfield at the current
cursor position and close the pocket calculator automatically.

Tool wear < * Incremental input >

Type T D Wear
Length Radius
24 1 1 [ 8.200 0. 000
i1y 2 0.000 0.000
Note:

For more information abouthow to use the pocketcalculator, see Section "Pocket calculator
(Page 77)".
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10
10.1

Other common operations

Program control functions

You can perform further program control operations through the following operation:

‘™

| S—
MACHINE | +

=)

AUTO

10.1.1

Program
test

10.1.2

Dry run
feedrate

10.1.3

Condit.
stop

10.1.4

Skip

10.1.5

SBL
fine

X

Prog.
chtrl

Programtest

With this softkey activated, the part program is executed with no axis or spindle movement. In this
way, you can check the programmed axis positions and auxiliary function outputs of a part program.
This softkey functions the same as the following key on the MCP:

PROGRAM
TEST

Dry run feedrate

With this softkey activated, all traversing motions are performed with the dry run feedrate defined in
SD42100 DRY_RUN_FEED. You can set the dry run feedrate in the JOG data setting window
through the following operation:

E =) R ﬁi Sett.

MACHINE | + AUTO

Conditional stop

With this softkey activated, the processing of the program stops at the end of every block containing
MO1. In this way, you can check the resultalready obtained during the machining ofa workpiece.
This softkey functions the same as the following key on the MCP:

MO1

Note that in orderto continue executing the program, press the following key again:

Skip block

It is possible to skip program blocks, which are not to be executed every time the program runs.

With this softkey activated, the program blocks identified with a slash in front of the block number
(e.g."/N100") are skipped during machining. Several consecutive blocks can be skipped.

Single block mode

With this softkey activated, the system can interruptthe machining ofthe workpiece after each
program block. In this way, you can control the machining resultblock-by-block and check individu-
al machining steps. This softkey functions the same as the following key on the MCP:

=)

SINGLE
BLOCK

The program is advanced to the next block via the following key:

However, for the thread blocks (G33), a stop is performed atthe end of the currentthread block
only with dry run feedrate activated.
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10.1.6 Rapid traverse override

ROV
active

With this softkey activated, the traversing speed of the axes in the rapid traverse mode (G00) can
be controlled via the feedrate override switch on the MCP.

This softkey functions the same as the following key on the MCP:

ROV

It is recommended thatyou keep this function activated for easy feedrate control during machining.

10.1.7 Auxiliary function lock
With this softkey activated, the part program is executed with the spindle disabled and all auxiliary

Auxiliary functions (see below) suppressed.

func. OFF

Auxiliary function Address
Tool selection T

Tool offset D, DL
Feedrate F
Spindle speed S

M functions M

H functions H

10.2 Calibrating the tool probe

Preconditions

® The machine manufacturer musthave connected the probe to the control system. For more information, see the
SINUMERIK 808D/SINUMERIK 808D ADVANCED Function Manual.

® You mustfirst enterthe radius or diameter of the tool for probe calibration.

Operating sequences
Setting the probe data

— 1. Select the machining operating area.

M

| S—
MACHINE

2. Switch to "JOG" mode.

WAAZ
VL
JOG
3. Open the lower-level menu for tool measurement.
!I Meas.
tool
4. Open the auto tool measurementwindow.
Measure
auto
D 5. Press this vertical softkey to open the probe data setting window, which shows the coordi-
atg nates of the probe. Enter the valuesin the input fields as required (see table below for the
prohe

parameter descriptions). See the machine coordinate system for all position values.
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Probe data

Abs. position P5 0.000 mm Feedrate ® 100.000 mm/min
Center pointX (@ 6.000 mm Probe plane (@) G17 ©

Center pointY @ 0.080 mm  Spindle speed 100.000 rpm
Diameter ®@ 12.900 mm Dir. of rotation (@ M4 ©
Thickness ® 6.000 mm Safety distance 2.000 mm

®

The thickness of the probe

G17, G18 and G19 for selection

Spindle speedinr.p.m.

CHCNONONONONONONC,

Absolute position of the probe in Z direction
The measured probe center (the machine coordinate)

The diameter ofthe probe (the measured value will be shown after calibrating)

The measurementfeedrate in "JOG" mode (this parameteris used to create the measuring program)

Direction of rotation of the spindle: M3, M4, or M5

Safety distance between the measuring surface of the probe and the tool

Calibrating the probe

M,
MACHINE
Ve 2.
VL
JOG
3.
!I Meas.
tool
4.
Measure
auto
5.
Calibrate
probe
6.
Length +
diameter
7.

1.

Select the machining operating area.
Switch to "JOG" mode.

Open the lower-level menu for tool measurement.
Open the auto tool measurementwindow.
Press this vertical softkey to enter the probe calibration screen.

You can use this vertical softkey to choose whetherto calibrate the tool length and diame-
ter, or to calibrate the tool length only.

Move the tool until it presses down on the measuring surface of the probe. Then the calibra-
tion processis triggered automatically.

Note:

When calibrating the probe, make sure the tool is approximately aligned with the center of
the measuring surface ofthe probe.

During the automatic measurement, a dial gauge symbol ( g ) displays, which indicates
that the measuring process is active.
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103 Measuring the tool with a probe (auto)

Preconditions

® The machine manufacturer mustparameterize special measuring functions for tool probe measuring. Formore
information, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Function Manual.

® You mustfirst enterthe cutting edge position and calibrate the probe|(Page 54) before the actual measurement.

Operating sequence

— 1. Select the machining operating area.
M
—
MACHINE
2. Switch to "JOG" mode.
MWv
VL
JoG
3. Open the lower-level menu for tool measurement.
II Meas.
tool
4. Open the auto tool measurementwindow. The tool length in the Z direction is measured by
Measure default.
auto
Tool measure auto
l T 1 Gl17 D 1
7 Length PE
EL Length 2.000 mm
5. Move the tool until it presses down on the edge of the probe. Then the tool lengthis calcu-
lated and entered in the tool list. Note that if several axes move simultaneously, no offset
data can be calculated.
6. Press this vertical softkey to measure the tool diameterinthe X andY planes.
Diameter

Tool measure auto

¥ ﬂ °
i
2 Diameter Diameter 4,608

7. Move the tool until it presses down on the edge of the probe. The tool diameterorradiusis
calculated and entered in the tool list. Note that if several axes move simultaneously, no
offset data can be calculated.

mm
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104 Setting up the workpiece

104 1 Measuring the workpiece

Overview

You mustselect the relevantoffset panel (for example, G54) and the axis you want to determine for the offset first.

E\V/i

7

> X

B

Before measuring, you can start the spindle by following the steps in Section 'Activating the tool and the spindle (Page 23)".

Operating sequence

Workpiece edge measurement

— 1. Select the machining operating area.
M
| S—
MACHINE
2. Switch to "JOG" de.
Yve witch to mode
VL
JOG
b 3. Open the window for workpiece measurement.
Meas.
work.
4. Press this vertical softkey to open the window for measurementatthe workpiece edge.
5. Press this softkey to measure in the X direction.
X
-— / i 6. Traverse the tool, which has been measured previously, to approach the workpiece in the X
X y 7 direction.
7. Switch to handwheel control mode.
HAND
WHEEL
— || = || =l 8. Select a suitable override feedrate, and then use the handwheel to move the tool to scratch
1 10 100 the required workpiece edge.
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O >
SELECT

10.
-
INPUT

11.
Set
Lo

12.

Select the offset plane to save in and the measuring direction (forexample, "G54"and "-").

Enter the distance (for example,"0") in the following window.
Press this key or move the cursorto confirm yourinput.

Workpiece measurement, edge

2 Basic offset 0.800 mm Savein G54 [0
E Measuring dir. -0
Radius 0660 mm Distance 0.000 mm
Dffset Xa 0.6ea mm

Xo X

Press this vertical softkey. The workpiece offset of the X axis is calculated automatically and
displayed in the offset field.

Repeatthe above operations to measure and set the workpiece offsets inaxes Y and Z
respectively.

Rectangular workpiece measurement

1.

—
M
MACHINE
2.
AN
VL
JOG
3.
8Y Meas.
wiork.
4.

T

-— / lz 5.

X Y
6.
Save P1
7.
Set 8
Lo

58

Select the machining operating area.

Switch to "JOG" mode.

Open the lower-level menu for workpiece measurement.

Open the window formeasurementofa rectangular workpiece.

Workp. meas., center of rect.

Lork offset G54 [0

Offset Xg 0088 mm
Ya 0.608 mm

Traverse the tool, which has been measured previously, in the direction of the orange arrow
P1 shown in the measuring window, in order to scratch the workpiece edge with the tool tip.

Press this softkey to save the tool position P1 in the coordinate system. To cancel the rec-
ord, press the softkey again.

RepeatSteps 5 and 6 to save the otherthree positions: P2, P3 and P4.
Save the workpiece offsets in axes X and Y after measuring all four positions.
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Circular workpiece measurement

— 1. Select the machining operating area.
M
| S—
MACHINE
2. Switch to "JOG" mode.
WAAZ
VL
JOG
b 3. Open the lower-level menu for workpiece measurement.
Meas.
work.
f 4. Open the window for measurementofa circular workpiece.
-— / l 5. Traverse the tool, which has been measured previously, in the direction of the orange arrow
X y 7 P1 shown in the measuring window, in order to scratch the workpiece edge with the tool tip.
\Workp. meas., center of circle
z Wark offset G54 0
¥
[
2 . Offset Xe 0000  mm
X Yo 0.000 mm
6. Press the softkey to save the tool position P1 in the coordinate system. To cancel the rec-
Save P1 ord, press the softkey again.
7. RepeatSteps 5 and 6 to save the othertwo positions: P2 and P3.
Set Save the workpiece offsets in axes X and Y after measuring all three positions.
Lo

104.2 E ntering/modifying workpiece offsets

Operating sequence

In case of any problems found when testing the tool offset result, you can proceed through the following steps to make tiny
adjustmentofvalues:

t_?‘ 1. Select the offset operating area.

OFFSET

_— 2. Open the list of workpiece offsets. The list contains the values of the basic offset of the

Work programmed workpiece offsetand the active scaling factors, the mirror status display and
offset the total of all active workpiece offsets.
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3. Use the cursorkeys to position the cursorbar in the inputfields to be modified and enter the

A v values.

Bod B
X mm Y mm 2 mm X oy 2 7
G500 9.900600 ©.000000 ©.000000 9.000 ©.000 9.008
G54 0.000608 0.000000 ©.000000 9.608 0.008 9.000
G55 ©.000609 ©.000000 ©.000000 9.008 0.808 8.000
G56 ©.000609 ©.000000 ©.000000 9.008 0.808 8.000
G657 ©.900600 ©.000000 ©.000000 9.000 0.808 8.800
G58 ©.000608 ©.000086 ©.000860 9.000 0.800 8.800
G59 ©.000000 ©.00000¢ ©.000000 0.008 0.000 0.000
Program  0.000000  0.000000  0.900090 0.000 0.000 0.000
Scale 1006000 1.000000  1.000000
Mirror 1] (] ]
Total 0000000  0.000000  0.000000 0.000 6.000 0.000
4. Confirm your entries. The changes to the workpiece offsets are activated immediately.
©
INPUT
105 E ntering/modifying the setting data
Entering/modifying the setting data
Operating sequence
© 1. Select the offset operating area.
OFFSET
5D Sett 2. Open the setting data window.
data
3. Open the window for setting the general data.
General
4. Position the cursor barin the input fields to be modified and enter the values (see table
A v below for the parameter descriptions).
Bod By
5. Use this key or move the cursor to confirm your entries.
»@
INPUT

Parameters in the setting data window

Setting data

Spindle data

Minimum: ©) 0.000 rpm
Maximum: @) 1000.008 rpm
Start angle

Start angle for thread: ® 0.000 °

DI A limitation ofthe spindle speed in the maximum (G26)/minimum (G25) fields can only be performed within the
limitvalues defined in the machine data.

® For thread cutting, a start position for the spindle is displayed as the start angle. A multiple thread can be cut by
changing the angle when the thread cutting operation isrepeated.
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Setting the time counter

Operating sequence

T_LQ 1. Select the offset operating area.
OFFSET
2. Open the setting data window.
SD Sett. P 9
data
. 3. Open the time counter window.
Time
counter
4. Position the cursor barin the input fields to be modified and enterthe values (see table
A v below for the parameter descriptions).
Bos BS
5. Use this key or move the cursor to confirm your entries.
©
INPUT

Parameters in the window for timers and workpiece counters

Times / Counter

Parts in total ©)

Parts required ® )

Part count ® 0

Run time ® 0000 H 0O M 00 s
Cycle time ® 0060 H OGO M 00 s
Cutting time ® 0000 H BO M 00 s
Setup time @) 0008 H 32 M
Power on time 0002 H 29 M

®©@ ®0 006

®
@

The total number of workpieces produced (total actual)
The number ofworkpieces required (workpiece setpoint)
The number ofall workpieces produced since the starting time

The total run time of NC programsin "AUTO" mode and the run time of all programs between NC start and end of
program/RESET. The timeris set to zero with each power-up of the control system.
The run time of the selected NC program in seconds

The defaultvalueis 0 each time a new NC program starts up. You can set MD27860 to ensure that this value will be
deleted evenif there is a jump to the beginning ofthe program with GOTOs or in the event of ASUPs (used for tool
changein"JOG" and "MM+" modes) and PROG_EVENTSs starting.

Processing time in seconds
The time since the last system power-up with defaultvalues ("cold restart") in minutes

The time since the last normal system power-up ("warm restart") in minutes

Note

The timeris automatically resetto zero in case of a control power-up with defaultvalues.
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Setting the working area limitation

Operating sequence

LLE 1. Select the offset operating area.
OFFSET
2. Open the setting data window.
SD Sett. P g
data
3. Open the working area limitation window.
Lork area P 9
limit
4. Position the cursor on the input field to be modified and enter the required value.
go v&
5. Position the cursor on the checkbox for value activation located after the input field.
Q 6. Press this key to activate or deactivate your inputin Step 4.
SELECT

Parameters in the window for working area limitation

Working area limitation

Axis Minimum Active Maximum Active Unit
MX1 -1000%%000.000 O 100000000 . 000 O mm
MY1 -100000000 . 000 DO 100000000 . 000 DO mm
M21 -166000000 . 000 DU 100066000 . 000 DU mm
MSP1 -100000000 .000 DU 100000000 . 000 DO °
@ Displays the axes that exist in the machine coordinate system (MCS), workpiece coordinate system (WCS), or

relative coordinate system (REL)
@)@  The minimum/maximum traversing distance specified for the axes

@/@ Activates or deactivates the entered minimum/maximum value

® Unit for the traversing distance

Modifying miscellaneous setting data

Operating sequence

ﬁ SVSEA":\ 1. Select the system data operating area.
SHIFT + | ALARM
2. Open the window for machine data.
MD Mach. P
data
3. Open the window for the expert list.
Expert
list
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4. Select a group of setting data you desire to modify.
General 9 9 Y b

MD

Channel
MD

Axis
™MD

5. Press these softkeys to search for your desired setting data with the data number/name.
Search

Continue
search

Alternatively, you can position the cursor on the inputfield to be modified and enter the

AJ v desired value.

. £ To switch to the desired axis when modifying the axis-specific setting data, press the corre-
sponding softkey:

Axis + Axis -

6. Press this key or move the cursorto confirm yourentries.

INPUT

10.6 Setting R parameters

Fun ctionality

The "R variables" start screen lists the R parameters that exist within the control system. You can set or query these global
parametersin any program as required.

Operating sequence

ng' 1. Select the offset operating area.
OFFSET
R 2. Open the list of R parameters.
var.
3. Press the cursor keys to navigate in the list, and enter the valuesin the inputfieldsto be
Aﬁ v modified.
% oS
Note:
Search You can search for your desired R variable with this softkey. By default, the function
searchesthe R number.
Show R You can press this softkey to activate the option of searchingby R name. Define the R
hame name as desired, if necessary.
_<>> 4. Press this key or move the cursorto confirm yourentries.
INPUT

For more information aboutR parameters, see Section 'Arithmetic parameter R (Page 126)".
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10.7 Setting user data

Functionality

The "User data" start screen lists the user data that exist within the control system. You can set or query these global
parametersin any program as required.

Operating sequence

t_?l 1. Select the offset operating area.
OFFSET
S 2. Open the list of user data.
User
data
3. Use the cursorkeys to navigate in the list, and enter the valuesin the input fields to be mod-
A v ified.
ﬁf %}
Note:
Search You can search for your desired user data with this softkey.
. You can press this softkey to continue searching your desired user data.
Continue
search

4. Use this key or move the cursor to confirm your entries.

£

INPUT

108 Setting the date and time

By default, the system date and time remain the factory settings. You can proceed through the following operating sequence
to change the date and time as required.

Operating sequence

ﬁ SVZI:\

SHIFT + | ALARM

-

Select the system data operating area.

2. Open the date and time setting window through the following softkey operations:
Date
E HMI & time
3. Enter the date and time in the specified format.
Current 2015/85/19 11:02:16
Format YYYY/MM/DD HH:MM:55
New 2015 f@5 /19 11 85 .35
v 4. Press this softkey to confirm your settings.
0K
Note

The settings of date and time are effective for 30 days if the control system is powered off for a longtime at 25 °C
surrounding airtemperature.
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109 Configuring the operating area after startup

The machining operating area is displayed by default after the startup of the control system. Alternatively, you can select
another operating area which you desire to enter after the system starts up.

Operating sequence

1. Select the system data operating area.
SYSTEM
& A
SHIFT + | ALARM
2. Open the window for setting the startup operating area through the following softkey opera-
tions:
Start
E HMI - up ar.
3. Use the cursorkeys to selectthe desired operating areain the following window:
My al
[ M MACHINE 0 A\ SYSTEM
0 § Qlorrser ALY
0 ’PHUGHHM [3 cus CUSTOM

01 [H] PROGRAM MANAGER

4. Press this softkey to confirm your setting, and the configured operating system will display
after the control system restarts.

Change
start ar.

10.10 Executing/transferring a part program from external

Note

You're recommended to use the Notepad editor with ANSI character encoding to create/editpart program files on the
computer. Program files in other encoding formats (for example, Unicode) may cause unexpected errors after being
imported into the control system.

10.10.1  Executing/transferring through the USB interface

The USB interface on the front of the PPU can be used to connectto a USB device, for example:
e An external USB memory stick, to transfer data between the USB stick and the control system

® An external USB keyboard which functions as an external NC keyboard
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10.10.1.1 Executing from external (through USB interface)

Prerequisite: AUSB memory stick (which includes the part program to be executed) is inserted in the front USB interface of
the PPU.

Proceed as follows to execute a part program from external through the USB interface:

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Press this softkey to enterthe USB directory, and selectthe program file you desire to exe-
l.P LISB cute.
3. To directly execute the program, press this softkey. The system automatically switches to
EXt: Exe= "AUTO" mode in the machining operating area. The program is transferred to the buffer
cution memory on the control system and then displayed in the following window:
Block display Current program :EXAMPLE.MPF
NS G17 G308 G4 G/1 |
N18T1 D11
N15 55000 M3 G35 FB.3 1
N20 GBO X100 22 1
N25 GB12-5 1
N38 X105 1
N35 GBO SUPA X300 256 D8 |
You can also press this key on the PPU to view the program blocks first before executing.
—<>> Then press the following softkey to execute:
INPUT
Execute
4. If desired, you can use this softkey to specify how you wantthe program to be executed.
% Prog. For more information ofthe program control, refer to Section 'Program control functions
=8 cntrl (Page/53)".
. 5. Press this key to execute the program. The program is reloaded continuously.
Either at the end of the program or after pressing this key, the program is automatically
// removed from the control system.
RESET
Note

The USB directory is automatically identified ifa USB stick is inserted.
Do not remove the USB stick during the external program execution through the USB interface.
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10.10.1.2 Transferring from external (through USB interface)

Prerequisite: AUSB memory stick (which includes the part program to be transferred) is inserted in the front USB interface

of the PPU.

Proceed as follows to transfer a part program from external through the USB interface:

1.

PROGRAM

MANAGER

2.
Y usg

3.

4.
Copy

5.
NC

6.
Paste

Select the program managementoperating area.

Press this softkey to enterthe USB directory.

Select the program file you desire to transfer.
Press this softkey to copy the file to the buffer memory on the control system.

Enter the program directory.

Press this softkey to paste the copied file into the program directory.

10.10.2 Executing/transferring through the Ethernet connection

10.10.2.1 Configuring the network drive

A connected network drive allows you to access a shared directory on your computer from the control system. The network
drive functions based on the Ethernetconnection between the control system and a computer. The following Ethernet

connections are possible:

e Direct connection: connecting the control system directly to a computer

® Network connection:integrating the control system into an existing Ethernetnetwork

Establishing a direct connection

Proceed as follows to establish a direct connection:

1.
N 2

SHIFT + | ALARM

> 3.

4.

Direct 5.
connect.

Connectthe control system with the computerusing an Ethernetcable.
Select the system data operating area.

Press the extension key.

Enter the main screen of the service control options through the following softkey opera-
tions:

I Serv. Service
displ. - control

Press this softkey to set up a direct connection between the control system and the com-
puter.

The following dialog box pops up on the screen:

IP address: 169.254.11.22
Subnet mask: 255.255.0.8
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Establishing a network connection

Proceed as follows to establish a network connection:

i

SHIFT +

SYSTEM

ALARM

>

Senvice
network

Direct
connect.

SELECT

Save

68

1.
2.

Connectthe control system with the local network using an Ethernetcable.
Select the system data operating area on the PPU.

Press the extension key.

Enter the main screen of the service control options through the following softkey opera-
tions:

I Sen. Semice
displ. - control

Press this softkey to enterthe window for the network configuration.

Note: make sure this vertical softkey is not selected.

Configure the network as required in the following window:

Network configuration

Local data
Protocaol: TCP /P
DHCP: Yes 3]
Cmpt. name: NONAME_NCU
IP address: 176 16 282 200
Subnet mask: 255 255 255 0

Gateway:

You can configure the DHCP with this key.
Note: ifyou select "No" for DHCP, you mustenter the IP address (which mustbelong to the
same network as that of your computer) and subnet mask manually.

Press this softkey to save the configuration. If you select"Yes" for DHCP, you also need to
restart the control system to activate the network configuration.
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Creating and connecting a network drive

Proceed as follows to create and connecta network drive:

1. Share a directory on your local disk on your computer.
2. Select the program managementoperating area.
PROGRAM
MANAGER
3. Press this softkey to go to the network drive directory.
_ Netwo. yes i
~ drive
. 4. Press this softkey to go to the window for configuring the network drives.
Configure
net.drive
Q 5. Press this key to select a drive identifier: N1, N2, or N3.
SELECT
6. Move the cursorto the following inputfields:
AL User: @
Windows login
Password: @

Windows password (Case-sensitive. Toggle with ALT+L)

Path: ®
Example: //Server/Share name

@: Enter the username of your Windows account
@: Enter the logon password (case sensitive) of your Windows account
®: Enter the IP address of the server and the share name of the shared directory on your

computer. Example://140.231.196.90/808D

7. Press this softkey to confirm and the configured network drive appears on the screen as
"/ follows. The drive iconis yellow if the network drive is connected successfully; otherwise,
8] 4 the iconiis gray.

=N1://148.231.196.96/868D

You can delete a selected network drive using this softkey.

Delete
het.drive

Note

After you properly configure all the settings for the direct connection between the control system and the network drive, if the
network drive connection is still invalid, contact your Windows system administrator for possible problems with your
operating system configuration.
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10.10.2.2 Executing from external (through Ethernet connection)

Prerequisites:

® An Ethernet connection has been established between the control system and the computer.

® A network drive (which includes the part program to be executed) has been created and connected.

Proceed as follows to execute a part program from external through the Ethernet connection:

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Press this softkey to view the network drive(s) created.
_ Netwo.
=~ drive
3. Select the desired network drive (which includes the part program to be executed) and
—<>> press this key to openit.
INPUT
4. Select the program file you desire to execute.
5. Press this softkey and the system automatically switches to "AUTO" mode in the machining
Execute operating area. The program is transferred to the buffer memory on the control system and
then displayed in the following window:
Block display Current program :EXAMPLE.MPF
NS G17 G308 G4 G/1 |
N18T1 D11
N15 55000 M3 G35 FB.3 1
N20 GBO X100 22 1
N25 GB12-5 1
N38 X105 1
N35 GBO SUPA X300 256 D8 |
6. If desired, you can use this softkey to specify how you wantthe program to be executed.
NC} Prog. : - o :
= For more information ofthe program control, refer to Section 'Program control functions
=0 gnitrl
(Page 53)".
. 7. Press this key to execute the program. The program is reloaded continuously.
Either at the end of the program or after pressing this key, the program is automatically
// removed from the control system.
RESET

10.10.2.3 Transferring from external (through Ethernet connection)

Prerequisites:

® An Ethernet connection has been established between the control system and the computer.

® A network drive (whichincludes the part program to be transferred) has been created and connected.

Proceed as follows to transfer a part program from external through the Ethernet connection:

1. Select the program managementoperating area.
PROGRAM
MANAGER

2. Press this softkey to view the network drive(s) created.
_+ Netwo.
=~ drive
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3. Select the desired network drive (which includes the part program to be transferred) and

—<>> press this key to openiit.

INPUT

Select the program file you desire to transfer.
5. Press this softkey to copy the file to the buffer memory on the control system.

Copy

[NC] e

Enter the program directory.

7. Press this softkey to paste the copied file into the program directory.
Paste

10.10.3 Configuring the firewall

Configuring the firewall

Secure access and communication is achieved through the security function of the integrated firewall. You can open the
window for firewall configuration through the following operations:

N1 A Serv Service Service
\ .
SHIFT | + ALAARM > > N I displ. - control - firewall

Configurable ports are listed in the following window:

4 15:27:46
REFPOINT 2016/11/08

Firewall configuration
Open Port no. Log Description
O 22 tcp  Secure Shell (SSH), for AMM connection
| 102 tcp 57 protocol, for PLC Prog Tool connect.
O 5960 tcp  HMI RFB commu., for AMM remote control

The ports are disabled by defaultand can be enabled when necessary. To change the port status, select the relevantport
using the cursor keys and press either of the following keys to enable or disable the port:

© 110

INPUT / | SELECT
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A\ warRniNG

N etwork security risks due to improper firewall configuration

Improper firewall configuration may cause network security risks, for example, data leakage, virus invasion, and hacker
attack. This maylead to incorrect parameterization ormachine malfunction, which in turn canresultin death, severe

injuries and/or property damage.
¢ Do notuse the control system inside a network infrastructure withoutan additional security product.

o Make sure that you disable the unnecessary portsin the firewall configuration.

Note

After you disable a communication port, the existing connection established earlier via this port will not be disabled until you
manually disconnectitor the control system restarts/powers off. Therefore, it is recommended thatyou disconnectthe

established connections orrestart the control system after disabling the ports.

10.11  Extending/deactivating the CNC lock function

To extend/deactivate the CNC lock function, you mustimportthe corresponding activation/deactivation file (.clc format)
provided by the machine manufacturerinto the control system. The file can be imported either directly via an Ethernet
connection (network drive) or alternatively via a storage medium (for example, USB memory stick). The control system must

be inthe reset state for the import.

Im porting the activation/deactivation file
Proceed through the following steps to importthe file:

1. e Toimportthe file via USB, store the file ina USB memory stick and insertthe USB
memory stick into the USB interface at the front of the PPU.
e Toimportthe file via Ethernet, store the file in a shared folder (network drive) on your
computerand connectthe network drive via Ethernetconnection.

2. Select the system data operating area.
SYSTEM
& A
SHIFT + | ALARM
3. Press this key to view the extended softkeys.
4. Open the license key dialog box through the following softkey operations:
1% Sen. . License
U6 gispl. . Version  py
Import 5. Press this softkey to open the file opening dialog box.
File
6. Select the target directory (USB or network drive) and press this key to openiit.
©
INPUT
7. Locate the desired activation/deactivation file and press this softkey to import.

0K

After the file is imported successfully, you can check the CNC lock status on the HMI
screen, for example:
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e CNClock function extended (with a new lock date):

Enter the licence key to activate the option!
The option is activated after Restart!

CF card serial number: SPG2012060561317
Order No. of the NCU module: 6FC5812-2GY46-8YR0

CNC lock is activated:2617/05/01

e CNClock function deactivated (with no lock date):

Enter the licence key to activate the option!
The option is activated after Restart!

CF card serial number: SPG2012060501317
Order No. of the NCU module: 6FC5812-2GY46-0YRG

CNC lock is activated:No lock data.

Note

If an error occurs whenimporting the activation file, an error-specific alarm will be issued. The state of the CNC lock function
remains unchanged.

Note

We recommend thatyou create a complete commissioning archive over all control system components after deactivating the

CNC lock function. If necessary, this commissioning archive can be used to recommission the control system without re-
deactivating the CNC lock function.

Faulty settings of date

If a date earlierthan the actual date is set for activated CNC lock function, alarm 8065 isissued after NC restart and then NC
start is disabled. In this case, you must correct the date and perform an NC restart again to clearthe alarm.

If during the correcting, a future date is setinadvertently,alarm 8066 is issued. Provided no NC restart has been performed,

the date can still be corrected. After NC restart, a date set in the future is considered as being an actual date and can no
longer be reset.

NOTICE
Shorter service life

After NC restart, a future date set earlier than the lock date reduces the service life until the lock date. If a date equal to or
later than the lock date is set, alarm 8064 is issued and the NC start disabled.

Make sure you set the date correctly priorto NC restart.
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10.12 Databackup
10.12.1 Internaldata backup

You can save the NC and PLC data of the volatile memory to the permanentmemory of the control system.

Note
After changing importantdata, it is recommended to carry out an internal data backup immediately.

Backing up data internally

Prerequisite:

e Avalid system password has been set on the control system.
® There is noprogram currently being executed.

Proceed through the following steps to save data:

ﬁ s”% 1. Select the system data operating area.
SHIFT + | ALARM
Saup 2. Press this softkey to open the window for data saving.
data
\/ 3. Pre_ss this.softkey to start saving. Do not carry out any operator actions while the data back-
0K up is running.

Loading internally backed up data

There are two methods to load the saved data.

Method 1:
Q 1. Press this key while the control system is booting.
SELECT
2. Use the cursorkeys to select"Reload saved user data" in the setup menu.
_<’> 3. Press this key to confirm.
INPUT
Method 2:
ﬁ SVZ"Q\ 1. Select the system data operating area.
SHIFT + | ALARM
@ Start 2. Press this softkey.
= —-up
_ 3. Enter the NC startup screen.
A 4. Use the cursorkeys to selectthe third startup mode as follows:
- v*_ [ Standard power-up
[] Power-up with default data
[¢] Power-up with saved data
v 5. Press this softkey to confirm. The control system restarts with the saved data.
0K
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Note
The following message is displayed on the screen after the control system starts up successfully with the saved data:

004062 Backup data loaded -—:——

You mustenter the password again after you have powered up the control system with the saved data.

10.12.2 External databackup

10.12.2.1 External data backup in a data archive

You can perform a complete data backup of the control system by creating a startup archive.

Backing up data externally in a data archive

G “Z"Q\ 1. Select the system data operating area.

SHIFT | + | ALARM

= 2. Press this softkey to open the window for creating or restoring a startup archive.
Archu

There are three options for creating a data archive. Note that options @ and @ are visible
only with the manufacturer password.

Start-up archive

(» Create series start-up archive
(@ Create start-up archive
(® Create start-up archive in the default directory

@ Creates a data archive for series machine commissioning
(@ Creates a data archive for a com plete system backup
(® Backs up the complete system data on the system CompactFlash Card (CF card)

v 3. Select option @ and press this softkey to confirm, and the dialog boxfor saving the archive
0K file opens.

arc_startup.arc

C15tart-up archive
C10EM files
c1USB

CiUser files

The name of the data archive is "arc_startup.arc" by default. You can also use your favorite
name. The file name extension ".arc" must be entered.

£ 4. Select yourdesired directory and press this key to openiit.
INPUT
— Note that you can press this key on the PPU to toggle between the file name inputfield and
—> the directory selection area.
TAB
v 5. Press this softkey to confirm and the archive information dialog box opens.
oK
v 6. Specify the properties of the archive and press this softkey. The control system starts crea-
oK tion of the startup archive.
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Note
Do notremove the USB stick in the process of data backup if you choose USB as the target directory.

Pressing <CTRL + S> when you are in any operating area creates a startup archive on the connected USB stick. In addition,
it automatically saves the action log to the USB stick.

Restoring a startup archive

ﬁ SVZ"Q\ 1. Select the system data operating area.
SHIFT + | ALARM
2. Press this softkey to open the startup archive window.
Archu.
v 3. Select the following option and press this softkey to restore the startup archive:
1] 4 Restore start-up archive
v 4. Select the backup path to locate the archive file and press this softkey to confirm.
oK
v 5. Press this softkey to confirm the archive information.
0K
v 6. Press this softkey to continue and start restoring the startup archive. The control system
0K restarts to complete restoring the archive.

10.12.2.2 External data backup of separate files

In the program managementoperating area, program files or directories can be copied into another directory or onto a
different drive by means of copying and pasting operations.

Operating sequence

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Enter the program directory.
NC
3. Select the program file or directory to be backed up.
4. Press this softkey to copy the file to the clipboard.
Copy
5. Select a desired directory or drive as the data target.
Backs up the filesin the folder for storing the user cycles on the control system. This folder
User s visi ;
Cuc is visible with the manufacturer password.
=l gycle

Backs up the files onto a USB stick.

V¥ usg

Backs up the files onto a computer. This requires a connected network drive on the control

= ';‘_Et'*'u- system. For more information, see section [Configuring the network drive|(Page 67)".
five
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Backs up the filesin the folder for storing the manufacturerfiles on the control system. This

= QEM folderis visible with the manufacturer password.
files
User Backs up the filesin the folder for storing end user files on the control system.
" files
6. Press this softkey to paste the copied data into the currentdirectory.
Paste

For more information aboutdata backup, refer to the SINUMERIK 808D/SINUMERIK 808D ADVANCED Diagnostics
Manual.

10.13 Pocket calculator

& You can activate the calculator function by pressing this key on the PPU when you position the cursor on the
— desired inputfield to calculate the cycle relevantparameters, contour parameters, tool parameters, workpiece
offsets, R parameters, etc.

= W 10:19:42
M, v 2015/65/05
NC:\SYF\OSTORE1 SYF SIEMENS More

# Reset ROV

REL Position Rep.offset TF.S
X 0.000 0800 MM T @ Do
5.a606 mm
Y 0.000 E 0000 v
2 7.000 0.060 mm 0.600 mm/ min
S1 0.0 80%

G1 G500(8) | -
T.5M
Tool change Ll il il _U SIH(K) Ql
Spindle speed 4] 5] 6] *] ) Delete
Spindle direction 6] 1 2| 3] + =7 &«
Activate LJO o Hzlalel XZ—I
Other M function B O e il v

Press 'CYCLE START' © to activate ahoue functions.

For calculating, the four basic arithmetic operations are available, as well as the functions "sine

squaring"and

"square root". A bracket function is provided to calculate nested terms. The bracket depth is unlimited.
If the inputfield is already occupied by a value, the function will acceptthis value into the input line of the pocket calculator.
C Pressing this softkey empties the inputline of the calculator.

Delete

After inputting a desired arithmetic statementin the input line of the calculator, pressing this key
_9 starts the calculation. The result is displayed in the pocketcalculator.

INPUT

Selecting this softkey enters the resultin the input field at the current cursor position and closes the
pocket calculatorautomatically.

v
Accept

Pressing this softkey aborts the calculation result (if any) and exits the pocket calculator.

«
Back
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Characters that may be entered

-5

R

()

Basic arithmetic operations
Sine function

The X value (in degrees) in front of the input cursoris replaced by the sin(X) value.

Cosine function

The X value (in degrees) in front of the input cursoris replaced by the cos(X) value.

Square function
The X value in front of the inputcursor is replaced by the X2 value.

Square root function
The X value in front of the inputcursor is replaced by the VX value.

Bracket function (X+Y)*Z

Calculation examples

Task Input -> Result
100+ (67*3) 100+67*3 ->301
sin(45_) 45S->0.707107
cos(45_) 45 0->0.707107
42 4Q->16

V4 4R->2
(34+3*2)*10 (34+3*2)*10->400

To calculate auxiliary points on a contour, the pocket calculator offers the following functions:

e Calculating the tangential transition between a circle sector and a straightline

® Movinga pointin the plane

® Converting polar coordinates to Cartesian coordinates

® Adding the second end point of a straight line/straightline contour section given from an angularrelation

11
111

11.1.1

Programming principles
Fundamentals of programming

Programnames

Each program musthave a program name. The program name mustfollow the conventions below:

® Use a maximum of 24 letters or 12 Chinese characters for a program name (the character length of the file extension

excluded)

® Separate the file extension only with a decimal point

e Enter the file extension ".SPF" if the current default program type is MPF (main program) and you desire to create a
subprogram

e Enter the file extension ".MPF" if the current default program type is SPF (subprogram) and you desire to create a main

program

® Do not enterthe file extension if you desire to take the current defaultprogram type

® Avoid using special characters for program names.

78
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Example

New G code program

Tupe: Main program MPF
Name: PROGRAM1

11.1.2 Program structure

Structure and content

The NC program consists of a sequence of blocks (see the table below). Each block represents a machining step.
Instructions are written in the blocks in the form of words. The lastblock in the execution sequence contains a special word
for the end of the program, forexample,M2.

The following table shows you an example ofthe NC program structure.

Block Word Word Word ; Comment
Block N10 GO X20 : First block
Block N20 G2 Z37 ; Second block
Block N30 G91 -

Block N40

Block N50 M2 ; End of program

112 Programming instructions

11.2.1 Programming dimensions

In this section you will find descriptions of the commands, with which you can directly program dimensions taken from a
drawing. This has the advantage that no extensive calculations have to be made for NC programming.

Note

The commands described in this section stand in mostcases at the start of an NC program. The way, in which these
functions are combined, is notintended to be a patent remedy. For example, the choice of working plane may be made at
anotherpointin the NC program. The real purpose of this and the following sectionsis to illustrate the conventional structure

of an NC program.

Overview of typical dimensions
The basis of mostNC programsis a drawing with concrete dimensions.

When implementing in a NC program, itis helpful to take over exactly the dimensions of a workpiece drawing into the
machining program. These can be:

® Absolute dimension, G90 modally effective applies for all axes in the block, up to revocation by G91 in a following block.

® Absolute dimension, X=AC(value) only this value applies only for the stated axis and is not influenced by G90/G91. This
is possible for all axes and also for SPOS, SPOSA spindle positionings, and interpolation parameters|, J, K.

® Absolute dimension, X=DC(value) directly approaching the position by the shortest route, only this value applies only for
the stated rotary axis and is not influenced by G90/G91. This is also possible for SPOS, SPOSA spindle positionings.

® Absolute dimension, X=ACP(value) approaching the position in positive direction, only this value is set only for the rotary
axis, the range of which is set to 0... < 360 degreesinthe machine data.

® Absolute dimension, X=ACN(value) approaching the position in negative direction, only this value is set only for the
rotary axis, the range of which is set to 0... < 360 degreesin the machine data.

® Incremental dimension, G91 modally effective applies forall axes in the block, until it is revoked by G90 in a following
block.
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® |ncremental dimension, X=IC(value) only this value applies exclusively for the stated axis and is notinfluenced by
G90/G91. This is possible for all axes and also for SPOS, SPOSA spindle positionings, and interpolation parameters|, J,
K.

® Inch dimension, G70 appliesforall linear axesin the block, until revoked by G71 in a following block.

e Metric dimension, G71 applies for all linear axesin the block, until revoked by G70 in a following block.
® Inch dimension as G70,however, G700 applies also for feedrate and length-related setting data.

® Metric dimensionas G71,however, G710 applies also for feedrate and length-related setting data.

e Diameter programming, DIAMON on

® Diameter programming, DIAMOF off

Diameter programming, DIAM90 for traversing blocks with G90. Radius programming for traversing blocks with G91.

11.2.2 Plane selection: G17 to G19

Functionality

To assign, for example, tool radius and tool length compensations, a plane with two axes is selected from the three axes X,
Y and Z. In this plane, you can activate a tool radius compensation.

For drill and cutter, the length compensation (length1) is assigned to the axis standing vertically on the selected plane. |t is
also possible to use a 3-dimensional length compensation for special cases.

Anotherinfluence of plane selection is described with the appropriate functions (e.g. Section "Support for the contour
definition programming").

The individual planes are also used to define the direction of rotation of the circle for the circular interpolation CWor CCW.
In the plane in which the circle is traversed, the abscissa and the ordinate are designed and thus also the direction of
rotation of the circle. Circles can also be traversed in a plane other than that of the currently active G17 to G19 plane (For
more information, see Section 'Circularinterpolation (Page 93)".).

The following plane and axis assignments are possible:

G function Plane (abscissa/ordinate) | Vertical axis on plane
(Iength compensation axis when drilling/milling)
G17 XY z
G18 Z/IX Y
G19 Y/Z X

See the followingillustration for planes and axes when drilling/milling:

% Y
Programming example
N10 G17 T... D... M... ; X/Y plane selected
N20 ... X... Y... Z... ; tool length compensation (lengthl) in Z axis
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11.2.3 Absolute/incremental dimensioning: G90,G91,AC, IC

Functionality

With the instructions G90/G91, the written positional data X, Y, Z... are evaluated as a coordinate point(G90) or as an axis
position to traverse to (G91). G90/G91 appliesto all axes.

Irrespective of G90/G91, certain positional data can be specified for certain blocks in absolute/incremental dimensions using
AC/IC.

These instructions do not determine the path by which the end points are reached; this is provided by a G group (GO, G1,
G2 and G3.... For more information, see Sections |Linearinterpolation (Page 91)"and 'Circular interpolation (Page 93))".).

Programming

G90 ; Absolute dimension data

G91 ; Incremental dimension data

X=AC(...) ; Absolute dimensioning for a certain axis (here: X axis), non-modal
X=IC(...) ; Incremental dimensioning for a certain axis (here: X axis), non-modal

See the followingillustration for differentdimensioning types in the drawing:

Y A Absolute dimensions Y A Incremental dimension

QP2 @ P2

9P3 oP3
oP1 oP1

Absolute dimensioning G90

With absolute dimensioning, the dimensioning data refers to the zero of the coordinate system currently active (workpiece or
current workpiece coordinate system or machine coordinate system). This is dependenton which offsets are currently
active: programmable, settable, or no offsets.

Upon program start, G90 is active for all axes and remains active until it is deselected in a subsequentblock by G91
(incremental dimensioning data) (modally active).
Incremental dimensioning G91

With incremental dimensioning, the numerical value ofthe path information corresponds to the axis path to be traversed.
The leading sign indicates the traversing direction.

G91 appliesto all axes and can be deselected in a subsequentblock via G90 (absolute dimensioning).

Specification with =AC(...), =IC(...)

After the end pointcoordinate, write an equality sign. The value mustbe specified in round brackets.

Absolute dimensions are also possible for circle center points using =AC(...). Otherwise, the reference pointfor the circle
center is the circle starting point.

Programming example

N10 GO0 X20 Z90 ; Absolute dimensions

N20 X75 Z=IC(-32) ; X-dimensions remain absolute, incremental Z dimension
N180 G91 X40 Z20 ; Switch-over to incremental dimensioning

N190 X-12 Z=AC(17) ; X-remains incremental dimensioning, Z-absolute
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1.24 Dimensions in metricunitsandinches: G71, G70, G710, G700

Functionality

If workpiece dimensions thatdeviate from the base system settings of the control system are present (inch or mm), the
dimensions can be entered directly in the program. The required conversion into the base system is performed by the control
system.

Programming

G70 : Inch dimensions

G71 ' Metric dimensions

G700 ; Inch dimensions, also for feedrate F
G710 ; Metric dimensions, also for feedrate F

Programming example

N10 G70 X10 Zz30 ; Inch dimensions

N20 X40 z50 ;G70 continues to act

N80 G71 X19 717.3 ; metric dimensioning from this point on
Information

Depending on the default setting you have selected, the control system interprets all geometric values as either metricor
inch dimensions. Tool offsets and settable work offsets including their display are also to be understood as geometrical
values; this also appliesto the feedrate F in mm/min orinch/min. The defaultsetting can be set viamachine data.

All examples listed in thismanual are based on a m etric default setting.

G70 or G71 evaluates allgeometric parameters thatdirectly refer to the workpiece, either as inches or metric units, for
example:

e PositionaldataX, Y, Z, ... for G0,G1,G2,G3,G33, CIP, CT
® |nterpolation parameters|, J, K (also thread pitch)

e CircleradiusCR

® Programmable work offset (TRANS, ATRANS)

® PolarradiusRP

All remaining geometric parameters thatare not direct workpiece parameters, such as feedrates, tool offsets, and settable
work offsets, are not affected by G70/G71.

G700/G710 however, also affects the feedrate F (inch/min,inch/rev.or mm/min,mm/rev.).
11.2.5 Polarcoordinates, pole definition: G110,G111,G112

Functionality

In addition to the common specification in Cartesian coordinates (X, Y, Z), the points of a workpiece can be specified using
the polar coordinates.

Polar coordinates are also helpful if a workpiece or a part of itis dimensioned from a central point (pole) with specification of
the radius and the angle.

Plane

The polar coordinates refer to the plane activated with G17 to G19. In addition, the third axis standing vertically on this plane
can be specified. When doing so, spatial specifications can be programmed as cylinder coordinates.

Polar radius RP=...

The polarradius specifies the distance of the pointto the pole. It is stored and mustonly be written in blocks in whichiit
changes, after changing the pole or when switching the plane.

Programming and Operating Manual (Milling)
82 6FC5398-4DP10-0BA6, 09/2017



Polar angle AP=...

The angle is always referred to the horizontal axis (abscissa) of the plane (for example, with G17: X axis). Positive or
negative angle specifications are possible.

The polarangle remains stored and mustonly be written in blocks in which it changes, after changing the pole or when
switching the plane.

See the followingillustration for polar radius and polar angle with definition of the positive direction in differentplanes:

Point defined by RP, AP X A Point defined by RP, AP

Pole
I X ! z
Example G17: X/Y plane Example G18: Z/X plane

Pole definition, programming

G110 Pole specification relative to the setpoint position lastprogrammed (in the plane, e.g. with G17: X/Y)

G111 ; Pole specification relative to the origin of the current workpiece coordinate system (in the plane, e.g. with
G17: X/Y)

G112 ; Pole specification, relative to the last valid pole; preserve plane

Note
Pole specifications

Pole definitions can also be performed using polar coordinates. This makes sense if a pole already exists.
If no poleis defined, the origin of the current workpiece coordinate system will actas the pole.

Programming example

N10 G17 ; X/Y plane
N20 GO X0 YO
N30 G111 X20 Y10 ; Pole coordinates in the current workpiece coordinate system

N40 G1 RP=50 AP=30 F1000
N50 G110 X-10 Y20
N60 Gl RP=30 AP=45 F1000

N70 G112 X40 Y20 ; New pole, relative to the last pole as a polar coordinate
N80 Gl RP=30 AP=135 ; Polar coordinate
M30

Traversing with polar coordinates

The positions programmed using polar coordinates can also be traversed as positions specified with Cartesian coordinates
as follows:

GO - linearinterpolation with rapid traverse
G1 - linearinterpolation with feedrate
G2 - circularinterpolation CW

G3 - circularinterpolation CCW

(See also Sections "Linearinterpolation (Page 91)"and |'Circularinterpolation (Page 93)".)
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11.2.6 Programmable work offset: TRANS, ATRANS

Functionality

The programmable work offsetcan be used:

e for recurring shapes/arrangements in various positions on the workpiece

® when selecting a new reference point for the dimensioning

® as a stock allowance when roughing

This results in the current workpiece coordinate system. The rewritten dimensions use this as a reference.

The offset is possible in all axes.

Programming

TRANS X... Y... Z... ; programmable offset, deletes old instructions for offsetting, rotation, scaling factor,
mirroring

ATRANS X...Y... Z... ; programmable offset, additive to existing instructions

TRANS ; withoutvalues: clears old instructions for offset, rotation, scaling factor, mirroring

The instructions which contain TRANS or ATRANS each require a separate block.

See the following illustration for the example for programmable offset:

TRANS Y...

TRANS X...

Programming example

N20 TRANS X20 Y15 ; Programmable offset
N30 L10 ; Subroutine call; contains the geometry to be offset
N70 TRANS ; Offset cleared

Subroutine call - see Section "'Subroutine technique (Page 132)".
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11.2.7 Programmable rotation: ROT, AROT

Functionality

The rotation is performed in the current plane G17 or G18 or G19 using the value of RPL=... specified in degrees.

Programming

ROT RPL=... ; Programmable rotation, deletes old instructions for offsetting, rotation, scaling factor, mirroring
AROT RPL=... ; Programmable rotation, additive to existing instructions
ROT ; Without values: clears old instructions for offset, rotation, scaling factor, mirroring

The instructions which contain ROT or AROT each require a separate block.

See the followingillustration for definition of the positive direction of the angle of rotation in the individual planes:

G17 G18 G19

\ Rotated system \ \
\\\y/ v

\/

See the followingillustration for programming example for programmable offsetand rotation:

Programming example

N10 G17 ... ; X/Y plane

N20 TRANS X20 Y10 ; Programmable offset

N30 L10 ; Subroutine call; contains the geometry to be offset
N40 TRANS X30 Y26 ; New offset

N50 AROT RPL=45 ; Additive 45 degree rotation

N6O L10 ; Subroutine call

N70 TRANS ; Offset and rotation cleared

Subroutine call - see Section 'Subroutine technique (Page 132)".
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11.2.8 Programmable scale factor: SCALE, ASCALE

Functionality

A scale factor can be programmed for all axes with SCALE/ASCALE. The pathis enlarged orreduced by this factor in the
axis specified. The currently set coordinate system is used as the reference for the scale change.

Programming

SCALE X...Y... Z... ; Programmable scaling factor, clears the old instructions for offset, rotation, scaling factor,
mirroring

ASCALE X... Y... Z... ; Programmable scaling factor, additive to existing instructions

SCALE ; Without values: clears the old instructions for offset, rotation, scaling factor, mirroring

The instructions which contain SCALE or ASCALE each require a separate block.

Note
For circles, the same factor should be used in both axes.
If ATRANS is programmed with SCALE/ASCALE active, these offset values are also scaled.

See the followingillustration forexample for scaling and offset:

Y
Workpiece

X
Workpiece
Programming example
N10 G17 ; X/Y plane
N20 L10 ; Programmed contour original
N30 SCALE X2 Y2 ; Contour in X and Y enlarged two times
N40 110
N50 ATRANS X2.5 Y18 ; Offset values are also scaled
N60 L10

Subroutine call - see Section 'Subroutine technique (Page 132)".
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11.2.9 Programmable mirroring: MIRROR, AMIRROR

Functionality

MIRROR and AMIRROR can be used to mirrorworkpiece shapes on coordinate axes. All traversing motions of axes for
which mirroring is programmed are reversed in their direction.

Programming

MIRROR X0 YO0 Z0 ; Programmable mirroring, clears old instructions for offset, rotation, scaling factor,
mirroring

AMIRROR X0 Y0 Z0 ; Programmable mirroring, additive to existing instructions

MIRROR ; Without values: clears old instructions for offset, rotation, scaling factor, mirroring

The instructions that contain MIRROR or AMIRROR each require a separate block. The axis value has no influence. A
value, however, must be specified.

Note
Any active tool radius compensation (G41/G42) is reversed automatically when mirroring.
The direction of rotation of the circle G2/G3 is also reversed automatically when mirroring.

See the followingillustration forexample for mirroring with the tool position shown:

AY
Workpiece
mirrored in X Original
G42 G41
- —
- — - —
I
I
W I
© >
. Y X
mirrored in Y and X mirrored in Y Workpiece
Mo [T e
G3 = G2
- —
G41 G42

Programming example

Mirroring in different coordinate axes with influence on an active tool radius compensation and G2/G3:

N10 G17 ; X/Y plane, Z standing vertically on it

N20 L10 ; Programmed contour with G41

N30 MIRROR X0 ; Direction changed in X

N40 L10 ; Mirrored contour

N50 MIRROR YO ; Direction changed in Y

N60 L10

N70 AMIRROR X0 ; Mirroring once more, but now in X
N80 L10 ; Twice-mirrored contour

N90 MIRROR ; Mirroring off

Subroutine call - see Section 'Subroutine technique (Page 132)".
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11.2.10 Workpiece coordinate system - settable work offset: G54 to G59, G500, G53,
G153

Functionality

The settable work offset specifies the position of the workpiece zero on the machine (offset of the workpiece zero with
respect to the machine zero). This offset is determined upon clamping ofthe workpiece into the machine and mustbe
entered in the corresponding data field by the operator. The value is activated by the program by selection from six possible
groupings: G54 to G59.

Note

Workpiece clamping atan angle is possible by entering the angles of rotation around the machine axes. These rotation
portions are activated with the work offset G54 to G59.

Programming

G54 to G59 ;1. to 6th settable work offset

G500 ; Settable work offset OFF - modal

G53 ; settable work offset OFF, non-modal, also suppresses programmable offset
G153 ;settable work offset OFF, non-modal; additionally suppresses base frame

See the followingillustration for settable work offset:

Z1

A (Machine) .
W = workpiece zero

M = machine zero

Z
Workpiece Y
Workpiece

elg. —
’
/G54
) Y1
! (Machine) -
M X1

(Machine)

See the following illustration for various workpiece clamping positions when drilling/milling:

A v1q
(Machine)

G54

—@ fo--"" » (Machine)
G57
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Programming example

N10 G54 ; Call first settable work offset

N20 147 ; Machining of workpiece 1, here using L47
N30 G55 ; Call second settable work offset

N40 147 ; Machining of workpiece 2, here using L47
N50 G56 ; Call third settable work offset

N60 L47 ; Machining of workpiece 3, here using L47
N70 G57 ; Call fourth settable work offset

N80 L47 ; Machining of workpiece 4, here using L47
N90 G500 GO X ; Deactivate settable work offset

Subroutine call - see Section 'Subroutine technique (Page 132)".

11.2.11 NC block compression (COMPON, COMPCURY, COMPCAD)

Functionality

CAD/CAM systems normally produce linear blocks, which meetthe configured accuracy specifications. In the case of
complexcontours, a large volume ofdata and short path sections can result. The short path sections restrict the processing
rate.

By using a compressor function, the contour, specified by using linear blocks, is approached using polynomial blocks. This
has the following advantages:

® Reduction of the numberofrequired part program blocks for describing the workpiece contour
e Continuousblock transitions

e Highermaximum path velocities

The following compressor functions are available:

e COMPON
The block transitions are only constant in the velocity, while acceleration ofthe participating axes can be in jumps at
block transitions.

e COMPCURV
Block transitions have continuous acceleration. This ensures both smooth velocity and acceleration of all axes at block
transitions.

e COMPCAD
The compression thatuses a lot of computation time and memory space is optimized regarding surface quality and
speed. COMPCAD should only be used if measures to improve the surface cannotbe taken by the CAD/CAM program in
advance.

COMPOF terminates the compressorfunction.

Syntax

COMPON

COMPCURYV

COMPCAD

COMPOF

Meaning

COMPON: Command to activate the compressor function COMPON.
Effective: Modal

COMPCURYV: Command to activate the compressor function COMPCURV.
Effective: Modal

COMPCAD: Command to activate the compressorfunction COMPCAD.
Effective: Modal

COMPOF : Command to deactivate the currently active compressor function.
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Supplementary conditions

® The NC block compression is generally executed for linear blocks (G1).

® Only blocks that comply with a simple syntax are compressed:

N... G1X... Y... Z... F... ;comment

All otherblocks are executed unchanged (no compression).

® Motion blocks with extended addresses such as C=100 or A=AC(100) are also condensed.

® The position values do not have to be programmed directly, butcan also be indirectly specified using parameter

assignments, e.g. X=R1*(R2+R3).

e |[f the option "orientation transformation"is available,then NC blocks in which the tool orientation (and where relevant,
also the tool rotation) is programmed using direction vectors can also be compressed.

® |tisinterrupted by any other type of NC instruction, e.g., an auxiliary function output.

Examples

Example 1: COMPON
Program code

Comment

N10 COMPON

N1l Gl X0.37 Y2.9 F600
N12 X16.87 Y-.698
N13 X16.865 Y-.72
N14 X16.91 ¥Y-.799

N1037 COMPOF

Example 2: COMPCAD

Program code

; Compressor function COMPON on.
; Gl before end point and feed.

; Compressor function off.

Comment

GO0 X30 Y6 Zz40
Gl F10000 Go642

SOFT

COMPCAD
STOPFIFO

N24050
N24051
N24052
N24053
N24054
N24055
N24056

COMPOF
GO0 Z50
M30

90

Z32.
X41.
X43.
X43.
X43.
X43.
X44.

499
365
115
365
556
818
076

732
732

Z32.
.449
.387
.300

732
732
732

.500
.497

477

; Blending function G642 on.
; Jerk limiting SOFT on.
; Compressor function COMPCAD on.

; Compressor function off.
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113 Linear interpolation

11.3.1 Linear interpolation with rapid traverse: GO

Fun ctionality
The rapid traverse movement G0 is used for rapid positioning ofthe tool, but not for direct workpiece machining.
All the axes can be traversed simultaneously - on a straight path.

For each axis, the maximum speed (rapid traverse) is defined in machine data. If only one axis traverses, it uses its rapid
traverse. If two or three axes are traversed simultaneously, the path velocity (e.g. the resulting velocity at the tool tip) must
be selected such that the maximum possible path velocity with consideration ofall axes involved results.

A programmed feedrate (F word) has no meaning for GO. GO remains active until canceled by anotherinstruction from this G
group (G1, G2, G3..)).

Programming

GO X...Y...Z.. ; Cartesian coordinates

GO AP=... RP=... ; Polarcoordinates

GO0 AP=... RP=... Z... ; Cylindrical coordinates (3-dimensional)
Note

Another option for linear programming is available with the angle specification ANG=... (For more information, see Section
'Contour definition programming (Page 110)".).

See the illustration for linear interpolation with rapid traverse from pointP1 to P2:

Straight path

-/

Y P1 -~
P2
» >
Programming example
N10 GO X100 Y150 z65 ; Cartesian coordinate
N50 GO RP=16.78 AP=45 ; Polar coordinate

Information

Anothergroup of G functions exists for movementto the position (see Section "Exact stop/continuous-path control mode:
G9, G60, G64|(Page 106)").

For G60 exact stop, a window with various precision values can be selected with another G group. For exact stop, an
alternative instruction with non-modal effectiveness exists: G9.

You should consider these options for adaptation to your positioning tasks.
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11.3.2 Feedrate F

Functionality

The feed F is the path velocity and represents the value of the geometric sum of the velocity components ofall axes
involved. The individual axis velocities therefore resultfrom the portion of the axis path in the overall distance to be
traversed.

The feedrate F is effective for the interpolation types G1, G2, G3, CIP, and CT and is retained until a new F word is written.

Programming
F...

Note
For integervalues, the decimal pointis not required, e.g. F300.

Unit of measure for F with G94, G95
The dimension unitforthe F word is determined by G functions:
® (94:F as the feedratein mm/min

® (95: Feedrate Fin mm/spindle revolutions
(only meaningful when the spindle is running)

Note

This unit of measure applies to metricdimensions. According to Section "Metric and inch dimensioning", settings with
inch dimensioning are also possible.

Programming example

N10 G94 F310 ; Feedrate in mm/min

N110 S200 M3 ; Spindle rotation

N120 G95 F15.5 ; Feedrate in mm/revolution
Note

Write a new F word if you change G94 - G95.

11.3.3 Linear interpolation with feedrate: G1

Functionality

The tool moves from the starting point to the end pointalong a straightpath. The path velocity is determined by the
programmed F word.

All axes can be traversed simultaneously.

G1 remains active until canceled by anotherinstruction from this G group (G0, G2, G3...).

Programming

G1X.. Y.Z. F.. ; Cartesian coordinates

G1 AP=... RP=... F... ; Polar coordinates

G1AP=.. RP=...Z. F.. ; cylindrical coordinates (3-dimensional)
Note

Anotheroption for linear programming is available with the angle specification ANG=... (see Section 'Contour definition
programming (Page 110)").
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See the illustration for linear interpolation in three axes using the example of a slot:

v A 1
bo---
1
A '
;
1
48 ,
1
A \
18 m T
y v ® o ®
<20 o X <0 z
40 > <12

Programming example

NO5 GO G90 X40 Y48 Z2 S500 M3 ; The tool traverses in rapid traverse on P1,
three axes concurrently, spindle speed = 500 rpm,

clockwise
N10 G1 z-12 F100 ; Infeed on 7z-12, feed 100 mm/min
N15 X20 Y18 z-10 ; Tool travels on a straight line in space on P2
N20 GO z100 ; Retraction in rapid traverse
N25 X-20 Y80
N30 M2

; End of program

To machine aworkpiece, spindle speed S ... and direction M3/M4 are required (see Section 'Spindle movements
(Page 109)").

114 Circularinterpolation

1141 Circularinterpolation: G2, G3
Functionality

The tool moves from the starting point to the end pointalong a circular path. The direction is determined by the G function:
G2: clockwise

G3: counter-clockwise
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The description of the desired circle can be given in various ways:

See the followingillustration for possibilities of circle programming with G2/G3 using the example of the axes X/Y and G2:

G2/G3 and center point parameter (+end point): G2/G3 and radius parameter (+end point):

v Y

End point X, Y

A
End point X, Y

e.g. G2 X...Y..CR=...

Circle radius CR

* Center point 1, J
Starting point X, Y Starting point X, Y

» >
- >

X X
G2/G3 and aperture angle specification (+ center point):| G2/G3 and aperture angle specification (+ end point):

v oA

End point X, Y

g G2ARS... 1. J.. e.g. G2 AR=... X...Y...
Angle AR
) ) Angle AR
Starting point X, Y  Center point I, J Starting point X, Y
- -~

G2/G3 remains active until canceled by anotherinstruction from this G group (GO, G1, ...).

The path velocity is determined by the programmed F word.

Programming

G2/G3 X... Y... l... J... ; End point and center point

G2/G3 CR=... X... Y... ; Circle radius and end point

G2/G3 AR=... ... J... ; Opening angle and center point

G2/G3 AR=... X... Y... ; Opening angle and end point

G2/G3 AP=... RP=... ; Polar coordinates, circle around the pole
Note

Other circle programming instructions:
e CT - circle with tangential connection
e CIP - circle via intermediate point(see following sections)

Input tolerances for the circle

Circles are only accepted by the control system with a certain dimensional tolerance. The circle radius at the starting and
end points are compared here. If the difference is within the tolerance, the center pointis exactly set internally. Otherwise,
an alarm message isissued.

Information

Full circlesin ablock are only possible if the center pointand the end pointare specified.

For circles with radius specification, the arithmetic sign of CR=... is used to selectthe correct circle. It is possible to program
two circles with the same starting and end points, as well as with the same radius and the same direction. The negative sign
in front of CR=-... determines the circle whose circle segmentis greater than a semi-circle; otherwise, the circle with the
circle segmentis less than or equal to the semi-circle and determined as follows:
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See the followingillustration for selection of the circle from two possible circles with radius specification:

v Circle larger than semi-circle
G2 /
',C \‘\ MP1 - center point of circle 1
’ "P\\\ Y MP2 - center point of circle 2
] \
X MP1 !
\ 1

End point

ircle smaller than or equal to semi-circle
Starting point

MP2
X
Programming example: Definition of center point and end point
v A
Starting point End point
A ) I /| >« _ Center point [
] ~ \
1 ~ 1
] T ? i
\ [
40 1. y
33 RN Pt
.l———b-
vy |
i ® > %
- 30 -
< 40 >
- 50 — -
N5 G90 X30 Y40 ; Starting point circle for N10
N10 G2 X50 Y40 I10 J-7

; End point and center point

Note
Center point values refer to the circle starting point!
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Programming example: End point and radius specification

Starting point

40

PREEE

SN

(Center point ?)

A v
~
~ Pie
S~ o-"

End point

30

A

50

N5 G90 X30 Y40

N10 G2 X50 Y40 CR=12.207

’

’

Starting point circle for N10
End point and radius

Note

With a negative leading sign for the value with CR=-..., a circular segmentlargerthan a semi-circle is selected.

Programming example: Definition of end point and aperture angle

Starting point

40

<

Center

End point
\\

1
pPint

1

30

50

A
A

\J

Y
<

N5 G90 X30 Y40

96

N10 G2 X50 Y40 AR=105

’

’

Starting point circle for N10
End point and aperture angle
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Programming example: Definition of center point and aperture angle

Starting point

40
33

A (End point ?)

Center ppint
1

\
X

30

40

A A

N5 G90 X30 Y40
N10 G2 I10 J-7 AR=105

Starting point circle for N10
Center point and aperture angle

’

’

Note

Center point values refer to the circle starting point!

Programming example: Polar coordinates

Starting point

\ AP=

40
33

Center po:nt = pole
1

\j
X

30

Y

AA

40

\

N1 G17

N5 G90 GO X30 Y40

N10 G111 X40 Y33

N20 G2 RP=12.207 AP=21

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017

; X/Y plane
Starting point circle for N10

; Pole = circle center
Polar specifications

97



11.4.2 Circularinterpolation via intermediate point: CIP

Functionality

If you know three contour points ofthe circle, instead of center pointor radius or aperture angle, then it is advantageous to
use the CIP function.

The direction of the circle results here from the position of the intermediate point (between starting and end points). The
intermediate pointis written according to the following axis assignment:

11=... for the X axis,
J1=... for the Y axis,
K1=... for the Z axis.

CIP remains active until canceled by anotherinstruction from this G group (G0, G1, G2, ...).

Note
The configured dimensional data G90 or G91 applies to the end pointand the intermediate point.

See the followingillustration for circle with end pointand intermediate point specification using the example of G90:

Intermediate point
M=...J1=...
v A
A Starting point
gp /\ End point
A ’ \
! 1
! 1
' 1
' 1
N 7
45 1.
40 RN Pty
| |
®© - X
< 30 -
-< 40 -
< 50 -
Programming example
N5 G90 X30 Y40 ; Starting point circle for N10
N10 CIP X50 Y40 I1=40 J1=45 ; End point and intermediate point
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114.3 Circle with tangential transition: CT

Functionality

With CT and the programmed end pointin the current plane G17 through G19, a circle is generated which is connected
tangentially to the previous path segment(circle or straightline)in this plane.

This defines the radius and center point of the circle from the geometric relationships ofthe previous path section and the
programmed circle end point.

See the followingillustration for circle with tangential transition to the previous path section:

N10 G1 X... Y...
N20 CT X... Y...
e |
1
, . .
e.g: G17 : End point of the circle
Y |
1
X
Programming example
N10 G1 X20 F300 ; Straight line
N20 CT X... Y... ; Circle with tangential connection

114.4 Helix interpolation: G2/G3, TURN

Functionality
With helixinterpolation, two movements are overlaid:
e Circularmovementinthe G17,G18 or G19 plane

® Linearmovementofthe axis standing vertically on this plane.
The number ofadditional full-circle passes is programmed with TURN=. These are added to the actual circle
programming.
The helixinterpolation can preferably be used for the milling ofthreads or of lubricating grooves in cylinders.

Programming

G2/G3 X... Y... l... J... TURN=... ; Centerand end points

G2/G3 CR=...X... Y... TURN-=... ; Circle radius and end point

G2/G3 AR=... ... J... TURN=... ; Opening angle and center point

G2/G3 AR=... X... Y... TURN=... ; Opening angle and end point

G2/G3 AP=... RP=... TURN=... ; Polar coordinates, circle around the pole
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See the followingillustration for helical interpolation:

Programming example

N10 G17 ; X/Y plane, Z standing vertically on it
N20 GO Z50

N30 G1 X0 Y50 F300 ; Approach starting point

N40 G3 X0 Y0 zZ33 IO J-25 TURN= 3 ; Helix

M30

11.4.5 Feedrate overridefor circles: CFTCP,CFC

Functionality

For activated tool radius compensation (G4 1/G42) and circle programming, itis imperative to correct the feedrate at the
cutter center pointif the programmed F value is to act at the circle contour.

Internal and external machining ofa circle and the current tool radius are taken into account automatically ifthe tool radius
compensation is enabled.

This feedrate correction (override) is not necessary for linear paths. The path velocities at the cutter center point and at the
programmed contour are identical.

If you wish the programmed feedrate always to act at the cutter center pointpath, then disable the feedrate override. The
modally acting G group that contains CFTCP/CFC (G functions) is provided for switching.

Programming
CFTCP ; Feedrate override OFF (the programmed feedrate acts at the milling cutter center point)
CFC ; Feedrate override with circle ON
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See the followingillustration for feedrate override G901 with internal/external machining:

F - Programmed feedrate value F

pros

F_ - Corrected feedrate at the cutter center point

corr.

Corrected feedrate
e External machining:
Fcorr. = Fprog. (Fcont + Ttool) / Feont

® |nternal machining:
Fkorr. = Fprog. (rcont - rtool) / Teont
reont: Radius of the circle contour
roo: TOolradius

Programming example

N10 G42 Gl X30 Y40 F1000 ; Tool radius compensation ON

N20 CFC F350 ; Feedrate override with circle ON

N30 G2 X50 Y40 110 J-7 F350 ; Feed value acts on contour

N40 G3 X70 Y40 I10 J6 F300 ; Feed value acts on contour

N50 CFTCP ; Feedrate override OFF, programmed feedrate value acts at the

milling cutter center point
N60 M30

115 Thread cutting
11.5.1 Thread cuttingwith constantlead: G33

Fun ctionality
This requires a spindle with position measuring system.

The function G33 can be used to machine threads with constantlead of the following type: If an appropriate tool is used,
tapping with compensating chuckis possible.

The compensating chuck compensates the resulting path differences to a certain limited degree.
The drilling depth is specified by specifying one of the axes X, Y or Z; the thread pitch is specified via the relevantl, J or K.

G33 remains active until canceled by another instruction from this G group (G0, G1, G2, G3...).

Right-hand or left-hand thread

Right-hand or left-hand thread is set with the rotation direction of the spindle (M3 right (CW), M4 left (CCW) - see Section
'Spindle movements (Page 109)"). To do this, the rotation value must be programmed under address S or a rotation speed
mustbe set.
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Note
A complete cycle of tapping with compensating chuck s provided by the standard cycle CYCLE840.

See the followingillustration for tapping using G33:

Programming example

; metric thread 5,
; pitch as per table: 0.8 mm/rev., hole already

premachined

N10 G54 GO G90 X10 Y10 Z5 S600 M3 ; Approach starting point, clockwise spindle rota-
tion

N20 G33 Z-25 KO0.8 ; Tapping, end point -25 mm

N40 Z5 K0.8 M4 ; Retraction, counter-clockwise spindle rotation

N50 GO X30 Y30 z20

N60 M30

Axis velocity

With G33 threads, the velocity of the axis for the thread lengthsis determined on the basis of the spindle speed and the
thread pitch. The feedrate F is not relevant. It is, however, stored. However, the maximum axis velocity (rapid traverse)
defined inthe machine data cannotbe exceeded. This will resultin an alarm.

Note

Override switch

e The spindle speed override switch mustremain unchanged for thread machining.
e The feedrate override switch has no meaning in this block.

11.5.2 Tapping with compensating chuck: G63

Functionality

G63 can be used for tapping with compensating chuck. The programmed feedrate F mustmatch with the spindle speed S
(programmed under the address "S" or specified speed) and with the thread pitch of the drill:

F [mm/min]=S [rpm] x thread pitch [mm/rev.]

The compensating chuck compensates the resulting path differences to a certain limited degree.

The drillis retracted using G63, too, but with the spindle rotating in the opposite direction M3 <-> M4.

G63 is non-modal. In the block after G63, the previous G command ofthe "Interpolation type" group (G0, G1,G2, ...) is active
again.

Right-hand or left-hand thread

Right-hand or left-hand thread is set with the rotation direction of the spindle (M3 right (CW), M4 left (CCW) - see Section
'Spindle movements (Page 109)").
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Note
The standard cycle CYCLE840 provides a complete tapping cycle with compensating chuck (butwith G33 and the relevant
prerequisites).

See the followingillustration for tapping using G63:

Programming example
; metric thread 5,
; lead as per table: 0.8 mm/rev., hole already

premachined
N10 G54 GO G90 X10 Y10 75 S600 M3 ; Approach starting point, clockwise spindle rota-
tion
N20 G63 Z-25 F480 ; Tapping, end point -25 mm
N40 G63 75 M4 ; Retraction, counter-clockwise spindle rotation
N50 X30 Y30 z20
M30

11.5.3 Thread interpolation: G331, G332

Fun ctionality
This requires a position-controlled spindle with a position measuring system.

By using G331/G332, the threads can be tapped withoutcompensating chuck if the dynamic properties ofthe spindle and
axis allow it.

If, however, a compensating chuckis used, the path differences to be compensated by the compensating chuck are
reduced. This allows tapping at higher spindle speeds.

Drilling is done using G331, retraction is done using G332.
The drilling depth is specified by specifying one of the axes X, Y or Z; the thread pitch is specified via the relevantl, J or K.
For G332, the same lead is programmed as for G331. Reversal of the spindle direction of rotation occurs automatically.

The spindle speed is programmed with S and without M3/M4.
Before tapping the thread using G331/G332, the spindle mustbe switched to the position-controlled mode with SPOS=....

Right-hand or left-hand thread

The sign of the thread lead determines the direction of spindle rotation:
Positive: right-hand (as with M3)

Negative: left-hand (as with M4)

Note
A complete thread tapping cycle with thread interpolation is provided with the standard cycle CYCLES84.
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See the followingillustration for tapping using G331/G332:

Axis velocity

When programming with G331/G332, you can determine the axis velocity based on the spindle speed and the thread lead.
However,the maximum axis velocity (rapid traverse) defined in the machine data cannotbe exceeded; otherwise, alarms

will appear.

Programming example

metric thread M5,

lead: 0.8 mm/rev., hole already premachined:

N5 G54 GO G90 X10 Y10 zZ5 ; Approach starting point

N10 SPOS=0 ; Spindle in position control

N20 G331 z-25 KO0.8 S600 ; Tapping, K positive = clockwise
of the spindle, end point Z=-25 mm

N40 G332 75 KO0.8 ; Retraction

N50 GO X30 Y30 z20

N60 M30

11.6 Fixed point approach
11.6.1 Fixed pointapproach: G75

Functionality

By using G75, a fixed point on the machine, e.g.tool change point,can be approached. The position is stored permanently
in the machine data for all axes. A maximum offourfixed points can be defined for each axis.

No offset is effective. The speed of each axisis its rapid traverse.
G75 requires a separate block and is non-modal. The machine axis identifier mustbe programmed!
In the block after G75, the previous G command ofthe "Interpolation type" group (G0, G1,G2, ...) is active again.

Programming
G75 FP=<n> X=0 Y=0 Z=0

Note
FPn references with axis machine date MD30600 $MA_FIX_POINT_POS|n-1]. If no FP has been programmed, then the first
fixed pointwill be selected.
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Command Significance
G75 Fixed pointapproach
FP=<n> Fixed pointthatis to be approached. The fixed point numberis specified: <n>

Valuerangeof<n>:1,2,3, 4

MD30610$NUM_FIX_POINT_POS should be set if fixed pointnumber 3 or 4 is to be used.

If no fixed pointis specified, fixed point 1 is approached automatically.

X=0Y=02Z=0 Machine axes to be traversed to the fixed point.

Here, specify the axes with value "0" with which the fixed pointis to be approached simultaneous-
ly.

Each axisis traversed with the maximum axial velocity.

Programming example

NO5 G75 FP=1 Z=0 ; Approach fixed point 1 in Z

N10 G75 FP=2 X=0 Y=0 ; Approach fixed point 2 in X and Y, e.g. to
change a tool

N30 M30 ; End of program

Note

The programmed position values for X, Y, Z (any value, here = 0) are ignored, but muststill be written.

11.6.2 Reference pointapproach: G74

Functionality

The reference pointcan be approached inthe NC program with G74. The direction and speed of each axis are stored in
machine data.

G74 requires a separate block and is non-modal. The machine axis identifiermustbe programmed!

In the block after G74, the previous G command ofthe "Interpolation type" group (G0, G1,G2, ...) is active again.

Programming example
|N10 G74 x=0 Y=0 2z=0

Note
The programmed position valuesfor X, Y, Z (any value, here = 0) are ignored, but muststill be written.

11.7 Acceleration control and exact stop/continuous path

1171 Acceleration pattern: BRISK, SOFT

BRISK

The axes of the machine change their velocities using the maximum permissible acceleration value until reaching the final
velocity. BRISK allows time-optimized working. The set velocity is reached in a short time. However, jumps are presentin
the acceleration pattern.

SOFT

The axes of the machine accelerate along a non-linear, constant characteristic until reaching the final velocity. With this jerk-
free acceleration, SOFT allows for reduced machine load. The same behavior can also be applied to braking procedures.
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See the followingillustration for basic course of the path velocity when using BRISK/SOFT:

speed BRISK SOFT
(path) (time-optimized) (spares the mechanical parts)
A
Setpoint —| =~ -

\J

t1 t2 Time
Programming
BRISK ; Jerking path acceleration
SOFT ; Jerk-limited path acceleration

Programming example

N10 SOFT Gl X30 784 F650 ; Jerk-limited path acceleration
N90 BRISK X87 7104 ; Continuing with jerking path acceleration

11.7.2 E xact stop/continuous-path control mode: G9, G60, G64

Functionality

G functions are provided for optimum adaptation to differentrequirements to set the traversing behavior atthe block
boundaries and for block advancing. For example, you would like to quickly position with the axes or to machine contours
over multiple blocks.

Programming

G60 ; Exact stop modally effective
G64 ; Continuous-path mode

G9 ; Exact stop non-modally effective
G601 ; Exact stop window fine

G602 ; Exact stop window coarse

Exact stop G60, G9

If the exact stop function (G60 or G9) is active, the velocity for reaching the exact end position at the end of a block is
decelerated to zero.

Anothermodal G group can be used here to set when the traversing movementofthis blockis considered ended and the
next block is started.

® (G601; Exact stop window fine
Block advance takes place when all axes have reached the "Exact stop window fine" (value in the machine data).
® (G602: Exact stop window coarse
Block advance takes place when all axes have reached the "Exact stop window coarse" (value in the machine data).

The selection of the exact stop window has a significantinfluence on the total time if many positioning operations are
executed. Fine adjustments require more time.
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See the followingillustration for exact stop window coarse orfine, in effect for G60/G9:

Y A Block change enable
for "coarse" / for "fine"
_/G602 (coarse)
1
1
1
---- G601 {
L (fine) I
I 1
|
1
|
____________ 1
X
Programming example
N5 G602 ; Exact stop window coarse
N10 GO G60 X20 ; Exact stop modal
N20 X30 Y30 ; G60 continues to act
N30 Gl G601 X50 Y50 F100 ; Exact stop window fine
N40 G64 X70 Y60 ; Switching over to continuous-path mode
N50 GO X90 Y90
N60 GO G9 X95 ; Exact stop acts only in this block
N70 GO X100 Y100 ; Again continuous-path mode
M30
Note

The G9 command only generates exactstop for the blockin which itis programmed; G60, however, is effective until itis
canceled by G64.

Continuous-path control mode G64

The objective of the continuous-path control mode is to avoid deceleration atthe block boundaries and to switch to the next
blockwith a path velocity as constant as possible (in the case of tangential transitions). The function works with look-ahead
velocity control over several blocks.

For non-tangential transitions (corners), the velocity can be reduced rapidly enough so that the axes are subjectto a
relatively high velocity change over a short period of time. This may lead to a significantjerk (acceleration change). The size
of the jerk can be limited by activating the SOFT function.

Programming example

N10 G64 Gl X10 Y20 F1000 ; Continuous-path mode

N20 X30 Y30 ; Continuous-path control mode continues to be active
N30 G60 750 ; Switching over to exact stop

M30

Look-ahead velocity control:

In the continuous-path control mode with G64, the control system determines the velocity control for several NC blocks in
advance automatically. This enables acceleration and deceleration across multiple blocks with approximately tangential
transitions. For paths that consist of short travels in the NC blocks, higher velocities can be achieved than withoutlook
ahead.
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See the followingillustration for comparison ofthe G60 and G64 velocity behavior:

Feed ! ! ' G64 - Continuous-path control mode with LookAhead '

Program med feedrate F

I I

I |

I I
I I |
I I I
I I |
I I I
I I I
I I I
I I I
I I |
I I I

N

I

I I

I I
1 I I I
1 I I I
I | | |
1 I I I
1 I I I
1 I I I
1 I I I
1 I I I
1 I I I
1 I I I
A . | G60 - Exact stop
1 I I I
1 I I I
1 I | I
I I I I

N1 N2 N3

11.7.3 Dwelltime: G4

Functionality

Between two NC blocks, you can interruptthe machining for a defined time by inserting a separate block with G4; e.g. for
reliefcutting.

The words with F... or S... are only used in this block for the specified time. Any previously programmed feedrate F or a
spindle speed S remain valid.
Programming

G4 F... ; Dwelltime in seconds
G4S... ; Dwelltime in spindle revolutions

Programming example

N5 G1 F200 Z-50 S300 M3 ; Feed F; spindle speed S

N10 G4 F2.5 ; Dwell time 2.5 seconds

N20 Z70

N30 G4 S30 ; Dwelling 30 revolutions of the spindle, corresponds at S=300
rpm and 100% speed override to: t=0.1 min

N40 X60 ; Feed and spindle speed remain effective

M30

Note

G4 S.. is only possible ifa controlled spindle is available (ifthe speed specifications are also programmed via S...).
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11.8 Spindle movements

11.8.1 Gear stages

Function

Up to 5 gear stages can be configured for a spindle for speed/torque adaptation. The selection of a gear stage takes place in
the program via M commands (see Section "Miscellaneous function M (Page 125)"):

® M40: Automatic gearstage selection

® M41to M45: Gearstage 1t0 5
11.8.2 Spindle speed S, directions of rotation

Fun ctionality

The spindle speed is programmed in revolutions per minute under the address S provided that the machine possesses a
controlled spindle.

The direction of rotation and the start or end of the movementare specified viaM commands (also see Section
'Miscellaneous function M|(Page 125)").

M3: Spindle clockwise
M4: Spindle counter-clockwise

M5: Spindle stop

Note
For integer S values, the decimal pointcan be omitted, e.g. S270.

Information
If you write M3 or M4 in a block with axis movements, the M commands become active before the axis movements.

Default setting: The axis movements only start once the spindle has accelerated to speed (M3, M4). M5 is also issued
before the axis movement. However, there is no waiting for spindle standstill. The axis movements begin before spindle
standstill.

The spindle is stopped at program end or with RESET.

At program start, spindle speed zero (S0) is in effect.

Note
Other settings can be configured via machine data.

Programming example

N10 G1 X70 Z20 F300 S270 M3 ; Before the axis traversing X, Z the spindle accelerates to 270
rpm, clockwise

N80 S450 ; Speed change

N170 GO 7180 M5 ; Z movement, spindle comes to a stop
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11.8.3 Spindle positioning: SPOS

Functionality
Requirement: The spindle mustbe technically designed for position control.

With the function SPOS= you can position the spindle in a specificangular position. The spindle is held in the position
through position control.

The speed ofthe positioning procedure is defined in machine data.

With SPOS=va/ue from the M3/M4 movement, the respective direction of rotation is maintained until the end of the
positioning. When positioning from standstill, the position is approached via the shortest path. The direction results from the
respective start and end position.

Exception: First movementofthe spindle, i.e. if the measuring system is not yet synchronized. In this case, the directionis
specified in machine data.

Other movementspecifications for the spindle are possible with SPOS=ACP(...), SPOS=ACN(...), ... as for rotary axes.
The spindle movementtakes place parallel to any other axis movementsin the same block. This blockis ended when both
movements are finished.

Programming

SPOS-=... ; Absolute position: 0 ... <360 degrees

SPOS=ACP(...) ; Absolute dimensions, approach position in positive direction
SPOS=ACN(...) ; Absolute dimensions, approach position in negative direction
SPOS=IC(...) ; Incremental dimensions, leading sign determines the traversal direction
SPOS=DC(...) ; Absolute dimensions, approach position directly (on the shortest path)

Programming example

N10 SP0OS=14.3 ; Spindle position 14.3 degrees
N80 GO X89 Z300 SP0OS=25.6 ; Positioning spindle with axis movements
; This block is ended when all movements have finished

; The N81 block only begins once the spindle position from N8O

N81 X200 Z300 ;
is reached

119 Contour programming support

11.9.1 Contour definition programming

Functionality

If the end points for the contour are not directly specified in the machining drawing, itis also possible to use an angle
specification ANG=... to determine the straight line. In a contour corner, you can insertthe elements chamferorrounding.
The respective instruction CHR=... or RND=... is written in the block, which leads to the corner.

The blueprintprogramming can be used in blocks with GO or G1 (linear contours).

Theoretically,any number of straight line blocks can be connected and a rounding ora chamfer can be inserted between
them.Every straight line mustbe clearly identified by pointvalues and/or angle values.

Programming

ANG=... ; Angle specification for defining a straight line
RND-=... ; Insert rounding, value: Radius of chamfer
CHR=... ; Insert chamfer, value: Side length of the chamfer
Information

The blueprintprogramming function is executed in the currentplane G17 to G19. It is not possible to change the plane
during blueprintprogramming.

If radius and chamfer are programmed in one block, only the radius is inserted regardless of the programming sequence.
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Angle ANG

If only one end pointcoordinate of the plane is known for a straight line or for contours across multiple blocks the cumulative
end point, an angle parameter can be used for uniquely defining the straightline path. The angle is always referred to the
abscissa of the current plane G17 to G19, e.g. for G17 on the X axis. Positive angles are aligned counter-clockwise.

See the following specification ofan angle for determination of a straightline using the example ofthe G17 plane:

Contour Programming

YA e
End point in N20 not always
known
N10 G1 X1 Y1
N20 X2 ANG=...
or:
N10 G1 X1 Y1
N20 Y2 ANG=...

> The values are only examples.

See the followingillustration for multiple block contours using the example ofthe G17 plane:

Contour Programming

End pointin N20 unknown
N10 G1 X1 Y1
N20 ANG=30
N30 X3 Y3 ANG=60
N40 M30

End point in N20 unknown, insert
rounding:
N10 G1 X1 Y1
N20 ANG=30 RND=0.1
N30 X3 Y3 ANG=60
analog
Inserting a chamfer:
N10 G1 X1 Y1
N20 ANG=30 CHR=0.1
N30 X3 Y3 ANG=60

A

End pointin N20 known
Inserting a rounding:
N10 G1 X1 Y1
N20 X2 Y2 RND=0.5
N30 X3Y3
analog
Inserting a chamfer:
N10 G1 X1 Y1
N20 (X1.Y1) N20 X2 Y2 CHR=0.2
- ’ N30 X3Y3

End pointin N20 unknown
Inserting a rounding:
N10 G1 X1 Y1
N20 ANG=30 RND=0.3
N30 X3 Y3 ANG=60 RND=0.3
N40 X4 Y4
analog
Inserting a chamfer:
N10 G1 X1 Y1
N20 (X1.Y1) N20 ANG=30 CHR=0.3
. N30 X3 Y3 ANG=60 CHR=0.3
X N40 X2 Y4
N50 M30

A
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11.9.2 Rounding, chamfer

Functionality

You caninsert the chamfer (CHF or CHR) or rounding (RND) elements into a contour corner. If you wish to round several
contour corners sequentially by the same method, use "Modal rounding" (RNDM).

You can program the feedrate for the chamfer/rounding with FRC (non-modal) or FRCM (modal). If FRC/FRCM is not
programmed, the normal feedrate F is applied.

Programming

CHF=... ; Insert chamfer, value: Length of chamfer
CHR=... ; Insert chamfer, value: Side length of the chamfer
RND-=... ; Insert rounding, value: Radius of chamfer
RNDM=... ; Modal rounding:

Value >0: Radius of chamfer, modal rounding ON
This roundingisinsertedin all contour corners.
Value = 0: Modal rounding OFF...

FRC=... ; Non-modal feedrate for chamfer/rounding
Value >0, feedrate in mm/min (G94) or mm/rev. (G95)
FRCM=... ; Modal feedrate for chamfer/rounding:

Value >0: Feedrate in mm/min (G94) or mm/rev. (G95),
Modal feedrate for chamfer/rounding ON

Value = 0: Modal feedrate for chamfer/rounding OFF
Feedrate F applies to the chamfer/rounding.

Information
The chamfer/rounding functions are executed in the currentplanes G17 to G19.

The appropriate instruction CHF=... or CHR=... or RND=... or RNDM-=... is written in the block with axis movements leading
to the corner.

The programmed value for chamfer and rounding is automatically reduced ifthe contour length of an involved block is
insufficient.

No chamfer/rounding isinserted, if more than three blocks in the connection are programmed thatdo not contain any
information for traversing in the plane or a plane change is carried out.

F, FRC, FRCM are not active when a chamferis traversed with GO.

If the feedrate F is active for chamfer/rounding, itis by defaultthe value from the block which leads away from the corner.
Other settings can be configured via machine data.
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Chamfer CHF or CHR

A linear contour elementisinserted between linear and circle contours in any combination. The edge is broken.

See the followingillustration forinserting a chamfer with CHF using the example: Between two straight lines.

N10 G1 ... CHF=...
_—

Angle bisector

N20 G1 ...

e.g.: G17 X

See the followingillustration forinserting a chamferwith CHR using the example: Between two straight lines.

N10 G1 ... CHR=...
—_—

Angle bisector

Chamfer
N

N20 G1 ...

e.g.. G17 X

Programming examples of chamfer
N5 G17 G94 F300 GO X100 Y100
N10 Gl X85 CHF=5

N20 X70 Y70

N30 GO X60 Y60

N100 G1 X50 CHR=7

N110 X40 Y40

N200 G1 FRC=200 X30 CHR=4
N210 X20 Y20

M30
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Rounding RND or RNDM

A circle contourelementcan be inserted with tangential connection between the linear and circle contours in any

combination.

See the following examples forinserting roundings:

Straight line/straight line:

N10 G1 ...RND=...
—

Rounding

Straight line/circle:

N50 G1 ...RND=...
—_—

Rounding

Programming examples for rounding

N20 Gl X85 RND=8
N30 X70 Y70
N40 GO X60 Y60

N60 G3 X40 Y40 CR=20

N80 X20 Y20
N90 M30

114

N70 Gl X30 Y30 RNDM=0

N10 G17 G94 F300 GO X100 Y100

N50 G1 X50 FRCM= 200 RNDM=7.3

’

’

’

’

Insert 1 rounding with radius 8 mm, feedrate F

Modal rounding, radius 7.3 mm with special feedrate FRCM
(modal)
continue inserting this rounding - to N70

Modal rounding OFF
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1110 Tooland tool offset
11.10.1 General Information

Fun ctionality

When creating programs for machining workpieces, itis not necessary to take into account the tool length or the tool radius.
You program the workpiece dimensions directly, for example following the drawing.

You enterthe tool data separately in a special data section.

Simply call the required tool with its offset data in the program and enable the tool radius compensation ifnecessary. The
control system performs the required path compensations based on the data to create the described workpiece.

See the followingillustration for machining of a workpiece with different tool radius:

T1

T1 - tool 1
T2 - tool 2

See the followingillustration for approaching the workpiece position Z0 - differentlength compensations:

A -
. ItOOI 1 F - toolholder reference point
1
4 I
T2} tool 2
1
- 1
, F 1 TO - no tool
f |
| B I
“ﬂ Length F :
i Uy Q
® [
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11.10.2 ToolT

Functionality

The tool selection takes place when the T word is programmed. Whether thisis a tool change oronly a preselection, is
defined in the machine data:

® The tool change (tool call) is performed either directly using the T word or

® The change takes place after the preselection with the T word by an additional instruction M6 (see also Section
'Miscellaneous function M|(Page 125)").

Note
If a certain tool is activated, it remains stored as an active tool even beyond the end of the program and after turning
offfturning on the control system.

If you change a tool manually, inputthe change in the control system so that the control system knows the correct tool.
For example, you can start a block with the new T word in MDA mode.

Programming
T.. ; Toolnumber: 1 ... 32 000, TO - no tool
The control system can store a maximum of64 tools.

Programming example
; Tool change without M6:

N10 T1 ; Tool 1

N70 T588 ; Tool 588

; Tool change with Mé6:

N10 T14 ; Preselect tool 14

N15 M6 ; Perform tool change; thereafter, Tl4 is active

11.10.3 Toolcompensation numberD

Functionality

It is possible to assign 1 to 9 data fields with different tool offset blocks (for multiple cutting edges) to a specific tool. If a
special cutting tool is required, it can be programmed with D and the corresponding number.

If no D word is written, D1 takes effect automatically.

When DO is programmed, offsets for the tool have no effect.

Programming

D... ; Tool offset number:1... 9,
DO0: No compensations active!

A maximum of 64 data fields (D numbers) for tool offset blocks can be stored in the control system simultaneously:

See the followingillustration forexamples for assigning tool compensation numbers/tool:

T1] D1 D2 | D3 | ||39
12| D1

T3 | D1

T6 | D1 D2 | D3 |

T8 | D1 D2

Each tool has separate compensation blocks - max. 9.
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Information

The tool length compensations are effective immediately once the tool is active - if noD numberhas been programmed -
with the values of D1.

The offset is applied with the first programmed traverse ofthe respective length offset axis. Observe any active G17 to G19.

A tool radius compensation mustalso be activated by G41/G42.

Programming example

Tool change without M6 command (only with T):

N5 G17 ; Determines the length offset axis (here Z axis)

N10 T1 ; Tool 1 is activated with the associated D1

N1l GO Zz... ; For G17, Z is length offset axis, the length offset compensation is
overlaid here

N50 T4 D2 ; Load tool 4, D2 from T4 is active

N70 GO Z... D1 ; D1 for tool 4 active, only cutting edge changed

Tool change using the M6 command:

N5 G17 ; Determines the length offset axis (here Z axis)

N10 T1 ; Tool preselection

N15 M6 ; Tool change, Tl is active with the appropriate D1

N16 GO Z... ; For G17, Z is length offset axis, the length offset compensation is

overlaid here

N20 GO Z... D2 ; D2 for tool 1 is active; for Gl17, Z is length offset axis, the differ-

ence of the D1->D2 length offset is overlaid here
N50 T4 ; T4 tool preselection; note: Tl with D2 is still active !
N55 D3 M6 ; Tool change, T4 is active with the appropriate D3

Contents of a compensation memory
Enter the following in the offset memory:

® (Geometrical dimensions:length, radius.

They consist of several components (geometry, wear). The control system computes the components to a certain
dimension (e.g. overall length 1, total radius). The respective overall dimension becomes effective when the
compensation memory is activated.

How these values are calculated in the axes is determined by the tool type and the commands G17,G18, G19 (see
following illustrations).

® Tool type
The tool type (drill, cutter) defines which geometry data are necessary and how they are taken into account.
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Tool special cases

For the tool types 'cutter' and 'drill', the parameters for length 2 and length 3 are only
dimensional length offsetfor an angle head construction).

required for special cases (e.g. multi-

See the followingillustration for effect of the tool length compensation - 3D (special case):

Effect Length 3

Length1in Z Z A
G17: |Length 2inY
Length2 ==

Length 3in X —
X
Radius in X/Y / Y F
Length 1inY YA
G18: [Length 2in X
Length 3inZ z —
/ X

Radius in Z/X

|

|

|

|

|

Length 1in X X |
G19: [Length 2in Z I
Length 3in Y |

A 7

Radius in Y/Z T
|

|

|

<

The radius is not taken into account for the drill type.

-- y

F - Toolholder reference point
Length 1

See the followingillustration for effect of the offsets with the tool type 'drill":

Effect F - toolholder reference point

G17: | Length 1inZ
G18: | Length1inY
G19: | Length 1in X

Length 1

See the followingillustration for effect of the offsets with the tool type ‘cutter"

F - toolholder reference point

Effect
G17: | Length 1inZ
Radius in X/Y Radius
G18: | Length1inY
Radius in Z/X

G19: | Length 1in X
Radius in Y/Z

Length 1
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11.10.4 Selectingthe tool radius compensation: G41, G42

Functionality
The control system is working with tool radius compensation in the selected plane G17 to G19.

A tool with a corresponding D numbermustbe active. The tool radius compensation is activated by G41/G42. The control
system automatically calculates the required equidistanttool paths for the programmed contour for the respective current

tool radius.
See the followingillustration for tool radius compensation:

Milling tool

at equal distance to the

contour
Programming
G41 X... Y... ; Tool radius compensation left of contour
G42 X... Y... ; Tool radius compensation right of contour

Note
The selection can only be made for linearinterpolation (GO, G1).

Program both axes of the plane (e.g. with G17: X, Y). If you only specify one axis, the second axis is automatically
completed with the last programmed value.

See the followingillustration for compensation to the right/left of the contour:
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Starting the compensation

The tool travelsin a straight line directly to the contourand is positioned perpendicular to the path tangentat the starting
pointof the contour.

Select the starting point such that a collision-free travel is ensured.

See the followingillustration for start of the tool radius compensation with G42 as example:

Contour: Straight line P1 - starting point of the contour Gontour: Circle
Circle radius

Tangent MP

P1

A Tool radius

y uncorrected
L /

/
\ /
/
/
/

uncorrected

G42

Corrected tool
path

Corrected tool
path

) ) PO - starting point
PO - starting point

The tool tip goes around the left of the workpiece when the tool runs clockwise using G4 1; the tool tip goes around the right
of the workpiece when the tool runs counter-clockwise using G42.
Information

As a rule, the block with G41/G42 is followed by a block with workpiece contour description. If, however, the block with
G41/G42 is followed by blocks without contour description, a maximum offive such blocks (for example, M commands and
infeed motions) are allowed; otherwise, the compensation will be interrupted.

Programming example

N10 T1

N20 G17 D2 F300 ; Correction number 2, feed 300 mm/min

N30 X0 YO ; PO - starting point

N40 Gl G42 X11 Y11 ; Selection to the right of contour, P1

N50 X20 Y20 ; Starting contour, circle or straight line
N60O M30 ; End of program

After the selection, itis also possible to execute blocks that contain infeed motions or M outputs:
N10 T1

N20 G17 D2 F300 ; Correction number 2, feed 300 mm/min

N30 GO X0 YO ; PO - starting point

N40 Gl G42 X11 Y11 ; Selecting right of contour, P1

N50 720 ; Infeed movement

N60 MO8 ; M command coolant on

N70 X20 Y20 ; Starting contour, circle or straight line
N80 M30 ; End of program
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11.10.5 Cornerbehavior: G450, G451

Functionality

By using the functions G450 and G451, you can set the behaviorfora non-continuous transition from one contour element
to another contour element(cornerbehavior) when G41/G42 is active.

The internal and external corners are detected by the control system itself. For internal corners, the intersection of the
equidistantpathsis always approached.
Programming

G450 ; Transition circle
G451 ; Pointof intersection

See the followingillustration for corner behavior at an external corner:

Transition circle ' _ _
(radius = tool radius) Point of intersection

p*

External corner External corner

G450 G451

P*: it is possible to execute an
intermediate block without plane
information here

See the following illustration for corner behavior at an internal corner:

Internal corner

Point of intersection

Transition circle G450

The tool center point travels around the workpiece external cornerin an arc with the tool radius.

In view of the data, for example, as far as the feedrate value is concerned, the transition circle belongs to the next block
containing traversing movements.

Point of intersection G451

For a G451 intersection of the equidistantpaths, the point (intersection) that results from the center point paths of the tool
(circle or straight line) is approached.

With acute contour angles and active point of intersection, depending on the tool radius, unnecessary idle motions could
result for the tool.
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In this case, the control system switches to transition circle for this block automatically ifa certain set angle value (100°) is
reached.

See the following illustration for acute contour angle and switching to transition circle:

Transition circle

R = tool radius

xternal corndr

11.10.6 Toolradius compensationOFF: G40

Functionality

The compensation mode (G41/G42) is deselected with G40. G40 is also the activation position at the beginning ofthe
program.

The tool ends the block in front of G40 in the normal position (compensation vector vertically to the tangentat the end point);

If G40 is active, the reference pointis the tool center point. Subsequently, when deselected, the tool tip approaches the
programmed point.

Always select the end point of the G40 block such that collision-free traversing is guaranteed!

Programming
G40 X... Y... ; Tool radius compensation OFF

Note
The compensation mode can only be deselected with linear interpolation (G0, G1).

Program both axes of the plane (e.g. with G17: X, Y). If you only specify one axis, the second axis is automatically
completed with the last programmed value.

See the followingillustration for quitting the tool radius compensation:

Contour: Straight line Contour: Circle

Tangent

P1

R=tool radius

P1 - end point, last block with G41, for
example
P2 P2 - end point, block with G40 =)
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Programming example

N10 GO X20 Y20 T1 D1 M3 S500
N20 G41 Gl X10 Y10 F100

N30 G2 X20 Y20 CR=20 ; Last block on the contour, circle or straight line, P1
N40 G40 Gl X10 Y10 ; Switch off tool radius compensation, P2
N50 M30

11.10.7 Special cases of the tool radius compensation

Repetition of the compensation
The same compensation (e.g. G41 -> G41) can be programmed once more withoutwriting G40 between these commands.

The last blockin front of the new compensation call ends with the normal position ofthe compensation vector atthe end
point. The new compensation is carried outas a compensation start (behavior as described for change in compensation

direction).

Changing the offset number

The offset numberD can be changed in the compensation mode. A modified tool radius is active with effect from the block in
which the new D numberis programmed. lts complete modification is only achieved atthe end of the block. In otherwords:
The modification is traversed continuously over the entire block, also for circularinterpolation.

Change of the compensation direction

The compensation direction G41 <->G42 can be changed withoutwriting G40.

The last block with the old compensation direction ends with the normal position ofthe compensation vector at the end point.
The new compensation direction is executed as a compensation start (defaultsetting at starting point).

\
Y N22
N20
N21 G41 I - N25 ‘< @
N24 N23 (
Y, ° v
N22
X
For example: For example:
N10 G42 N20 G42 G1 X... Y... v
N21 X...
N20 G1 X... N22 G41Y...
N21 G41 X... Y... N23 X...
N22 X... N24 G42Y...
N25 X... X

Cancellation of compensation by M2

If compensation mode is canceled using M2 (end of program) withoutwriting the command G40, the last block with
coordinates of the plane (G17 to G19) will end in the normal position ofthe compensation vector. No compensating
movementis executed. The program ends with this tool position.

Critical machining cases
When programming, pay special attention to cases where the contourtravel is smaller than the tool radius;
Such cases should be avoided.

Also check over multiple blocks that the contour contains no "bottlenecks".

When carrying out a test/dry run, use the largest tool radius you are offered.
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Acute contour angles

If very sharp outside corners occur in the contour with active G451 intersection, the control system automatically switches to

transition circle. This preventslongidle motions.

11.10.8 Example of tool radius compensation

See the following illustration for example of tool radius compensation:

100 —

y A

90 —]

40 —

30 —

20 —

10 —

[ I [ [ I [
70 80 90 100 110 120

N10
N20
N30
N40
N50
N60
N70
N80
N90

124

Programming example

N1 T1

N5 GO G17 G90 X5 Y55 750
N6 Gl z0 F200 S80 M3

G41 G450 X30 Y60 F400
X40 Y80

G2 X65 Y55 I0 J-25

Gl X95

G2 X110 Y70 I15 J0O

Gl X105 Y45

X110 ¥35

X90

X65 Y15

N100 X40 Y40
N110 X30 Y60
N120 G40 X5 Y60
N130 GO Z50 M2

’

Tool 1 with offset D1
Approach starting point

Compensation to the left of the contour, transition circle

Terminate compensation mode
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11.11 Miscellaneous function M

Functionality
The miscellaneous function Minitiates switching operations, such as "Coolant ON/OFF" and otherfunctions.

A small part of M functions have already been assigned a fixed functionality by the CNC manufacturer. The functions not yet
assigned fixed functions are reserved for free use of the machine manufacturer.

Note

An overview of the M miscellaneous functions used and reserved in the control system can be found in Section ''List of
instructions|(Page 327)".

Programming

M... ;Max. 5 M functions per block

Effect
Activation in blocks with axis movements:

If the functions M0, M1, M2 are contained in a block with traversing movements ofthe axes, these M functions become
effective after the traversing movements.

The functions M3, M4 and M5 are output to the internal interface (PLC) before the traversing movements. The axis
movements only begin once the controlled spindle has ramped up for M3, M4. For M5, however, the spindle standstill is not
waited for. The axis movements already begin before the spindle stops (defaultsetting).

The remaining M functions are output to the PLC with the traversing movements.

If you would like to program an M function directly before or after an axis movement, inserta separate block with this M
function.

Note
The M function interrupts the G64 continuous path mode and generates exact stop:

Programming example

N10 S1000

N20 X10 M3 Gl F100 ;M function in the block with axis movement, spindle acceler-
ates before the X axis movement

N30 M78 M67 M10 M12 M37 ;Max. 5 M functions in the block

M30

Note

In addition to the M and H functions, T, D and S functions can also be transferred to PLC (Programmable Logic Controller).
In all, a maximum of 10 such function outputs are possible in a block.

1112 H function

Functionality

With H functions, floating pointdata (REAL data type - as with arithmetic parameters, see Section 'Arithmetic parameter R
(Page 126)") can be transferred from the program to the PLC.

The meaning ofthe values for a given H function is defined by the machine manufacturer.

Programming
HO=... to H9999=... ;Max. 3 H functions per block

Programming example

N10 H1=1.987 H2=978.123 H3=4 ;3 H functions in block
N20 GO X71.3 H99=-8978.234 ;With axis movements in block
N30 H5 ;Corresponds to H0=5.0
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Note

In addition to the M and H functions, T, D and S functions can also be transferred to the PLC (Programmable Logic
Controller).In all, a maximum of 10 function outputs of this type are possible in a part program block.

1113  Arithmetic parameters, LUD and PLC variables

11.13.1  Arithmetic parameter R

Functionality

The arithmetic parameters are used if an NC program is not only to be valid for values assigned once, or if you must
calculate values. The required values can be calculated or set by the control system during program execution.

Another possibility consists of setting the arithmetic parameter values by operatorinputs. If values have been assigned to
the arithmetic parameters, they can be assigned to other variable-setting NC addresses in the program.

Programming

RO=... to R299=... ;Assign values to the arithmetic parameters

R[RO]=... ;Indirect programming: Assign a value to the arithmetic parameter R, whose numbercan be
found, e.g. in RO

X=R0O ;Assign arithmetic parameters to the NC addresses, e.g. for the X axis

Value assignments
You can assign valuesin the following range to the R parameters:

+(0.0000001 ... 9999 9999)
(8 decimal places, arithmetic sign, and decimal point)

The decimal pointcan be omitted for integer values. A plus sign can always be omitted.
Example:

R0=3.5678 R1=-37.3 R2=2 R3=-7 R4=-45678.123

Use the exponential notation to assign an extended range of numbers:

+(10-300 . 10+300)

The value of the exponentis written after the EX characters; maximum total number of characters: 10 (including leading
signs and decimal point)

Range of values for EX: -300 to +300

Example:

R0=-0.1EX-5 ;Meaning: RO = -0.000 001
R1=1.874EX8 ;Meaning: R1 = 187 400 000
Note

There can be several assignmentsin one blockincl. assignments of arithmetic expressions.

Assignments to other addresses

The flexibility of an NC program lies in assigning these arithmetic parameters or expressions with arithmetic parameters to
other NC addresses. Values, arithmetic expressions and arithmetic parameters can be assigned to all addresses; Exception:
addresses N, G, and L.

When assigning, write the " = " sign after the address character. It is also possible to have an assignmentwith a minus sign.
A separate block is required for assignments to axis addresses (traversing instructions).

Example:
|N10 GO X=R2 ;Assignment to X axis
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Arithmetic operations/arithmetic functions

When operators/arithmetic functions are used, it is imperative to use the conventional mathematical notation. Machining
priorities are set using the round brackets. Otherwise, multiplication and division take precedence over addition and
subtraction.

Degrees are used for the trigonometric functions.

Permitted arithmetic functions: see Section ['List of instructions (Page 327)"

Programming example: Calculating with R parameters

N10 Rl1= R1+1 ;The new Rl is calculated from the old R1 plus 1

N20 R1=R2+R3 R4=R5-R6 R7=R8*R9 R10=R11/R12

N30 R13=SIN (25.3) ;R13 equals sine of 25.3 degrees

N40 R14=R1*R2+R3 ; Multiplication and division take precedence over ad-
dition or subtraction R14=(R1*R2) +R3

N50 R14=R3+R2*R1 ;Result, the same as block N40

N60 R15=SQRT (R1*R1+R2*R2) ;Meaning:

N70 Rl= -R1 ;The new Rl is the negative old R1

Programming example: Assign R parameters to the axes
R1=40 R2=10 R3=-20 R4=-45 R5=-30

N10 Gl G90 X=R1 Z=R2 F300 ; Separate blocks (traversing blocks)
N20 Z=R3

N30 X=-R4

N40 Z= SIN(25.3)-R5 ;With arithmetic operations

M30

Programming example: Indirect programming

N10 R1=5 ;Assigning R1 directly value 5 (integer)
N20 GO X R[R11=27.123 ; Indirectly assign R5 the value 27.123
M30

11.13.2 LocalUser Data(LUD)

Fun ctionality

The operator/programmer (user) can define his/her own variable in the program from various data types (LUD = Local User
Data). These variables are only available in the program in which they were defined. The definition takes place immediately
at the start of the program and can also be associated with a value assignmentatthe sametime. Otherwise the starting
value is zero.

The name of a variable can be defined by the programmer. The naming is subjectto the following rules:
® A maximum of 31 characters can be used.

e |t isimperative to use letters for the first two characters; the remaining characters can be either letters, underscore or
digits.

® Do notuse a name already usedin the control system (NC addresses, keywords, names of programs, subroutines, etc.).

Programming/data types
DEF BOOL varname1 ;Boolean type, values: TRUE (=1), FALSE (=0)
DEF CHAR varname2 ;Char type, 1 ASCII code character: "a", "b", ...
;Numerical code value:0 ... 255
DEF INT varname3 ;Integer type, integervalues, 32 bit value range:
;-2 147 483 648 through +2 147 483 647 (decimal)
DEF REAL varname4 ;Real type, natural number (like arithmetic parameter R),
;Value range: £(0.000 0001 ... 9999 9999)
;(8 decimal places, arithmetic sign and decimal point) or
;Exponential notation: + (10 to power of -300 ... 10 to power of +300)
DEF STRING]string length]varname41 ; STRING type, [string length]: Maximum number of characters
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Each data type requires its own program line. However, several variables of the same type can be definedin oneline.

Example:
| DEF INT PVARL, PVAR2, PVAR3=12, PVAR4 ;4 type INT variables

Example for STRING type with assignment:

DEF STRING[12] PVAR="Hello" ; Define variable PVAR with a maximum of 12 char-
acters and assign string "Hello"

Fields

In addition to the individual variables, one or two-dimensional fields of variables of these data types can also be defined:
DEF INT PVARS5 [n] ;One-dimensional field, type INT, n: integer

DEF INT PVARG6 [n,m] ; Two—-dimensional field, type INT, n, m: integer

Example:

|DEF INT PVART7 [3] ;Field with 3 elements of the type INT

Within the program, the individual field elements can be reached via the field indexand can be treated like individual
variables. The field indexruns from 0 to a small number ofthe elements.

Example:

|N10 PVAR7[2]=24 ;The third field element (with index 2) is assigned the value
24.

Value assignmentforfield with SET instruction:

|N20 PVARS5[2]=SET (1,2, 3) ;After the 3rd field element, different values are assigned.

Value assignmentfor field with REP instruction:

|N2O PVAR7[4]=REP (2) ;After field element [4] - all are assigned the same value,
here 2.

11.13.3 Reading and writing PLC variables

Functionality

To allow rapid data exchange between NC and PLC, a special data area exists in the PLC user interface with a length of 512
bytes. In this area, PLC data are compatible in data type and position offset. In the NC program, these compatible PLC
variables can be read or written.

To this end, special system variables are provided:

$A_DBBIn] ;Data byte (8-bit value)
$A_DBWIn] ;Data word (16-bit value)
$A_DBDIn] ;Data double-word (32-bitvalue)
$A_DBRI[n] ;REAL data (32-bitvalue)

"n" stands here for the position offset (start of data area to start of variable) in bytes

Programming example
|R1=$A_DBR[4] ;Reading a REAL value, offset 4 (starts at byte 4 of range)

Note
The reading of variables generates a preprocessing stop (internal STOPRE).

Note
Writing of PLC tags is generally limited to a maximum ofthree tags (elements).
Where PLC tags are to be written in rapid succession, one elementwill be required per write operation.

If more write operations are to be executed than there are elements available, then block transfer will be required (a
preprocessing stop may need to be triggered).

Example:

$A DBB[1]=1 $A DBB[2]=2 $A DBB[3]=3
STOPRE

$A DBB[4]=4

Programming and Operating Manual (Milling)
128 6FC5398-4DP10-0BA6, 09/2017



11.14  Program jumps

11.14.1  Unconditional program jumps

Fun ctionality
NC programs process their blocks in the sequence in which they were arranged when they were written.

The processing sequence can be changed by introducing program jumps.

The jump destination can be a block with a label or with a block number. This block mustbe located within the program.

The unconditional jump instruction requires a separate block.

Programming

GOTOF label ;Jump forward (in the direction of the last block of the program)
GOTOB label ;Jump backwards (in the direction of the first block of the program)
Label ;Selected string for the label (jump label) or block number

See the following illustration for an example of unconditional jumps:

Program execution l N10 GO X... Z...

N20 GOTOF LABELO; jumps to label LABELO

:, N50 LABELO: R1 = R2 + R3
N51 GOTOF LABEL1; jumps to label LABEL1

» [LABELZ X Z...
N100 M2; End of program
» |LABEL1: X...Z...

y N1 50 GOTOB LABEL2; jumps to label LABEL2

A

11.14.2 Conditional program jumps

Functionality

Jump conditions are formulated after the IF instruction. If the jump condition (value not zero) is satisfied, the jump takes
place.

The jump destination can be a block with a label or with a block number. This block mustbe located within the program.

Conditional jump instructions require a separate block. Several conditional jump instructions can be located in the same
block.

By using conditional program jumps, you can also considerably shorten the program, ifnecessary.

Programming

IF condition GOTOF label ;Jump forward

IF condition GOTOB label ;Jump backwards

GOTOF ;Jump direction forward (in the direction of the last block of the program)
GOTOB ;Jump direction backwards (in the direction of the first block of the program)
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Label ;Selected string for the label (jump label) orblock number
IF ;Introduction of the jump condition
Condition ;Arithmetic parameter, arithmetic expression for formulating the condition

Comparison operations

Operators Meaning

== Equalto

\%

Not equal to

greaterthan

less than

greaterthan or equal to

AMVIalvAa

less than or equal to

The comparison operations supportformulating of a jump condition. Arithmetic expressions can also be compared.

The result of comparison operations is "satisfied" or "not satisfied." "Not satisfied" sets the value to zero.

Programming example for comparison operators

R1>1 7Rl greater than 1

1 < R1 ;1 less than R1

R1<R2+R3 ;R1 less than R2 plus R3

R6>=SIN( R7*R7) ; R6 greater than or equal to SIN (R7) squared

Programming example

N10 IF R1 GOTOF LABEL1 ;If Rl is not null then go to the block having LABEL1
GO X30 Y30

N90 LABELl: GO X50 Y30

N100 IF R1>1 GOTOF LABEL2 ;If Rl is greater than 1 then go to the block having

LABEL2

GO X40 Y40

N150 LABEL2: GO X60 Y60

GO X70 Y70

N800 LABEL3: GO X80 Y80

GO X100 Y100

N1000 IF R45==R7+1 GOTOB LABEL3 ;If R45 is equal to R7 plus 1 then go to the block
having LABEL3

M30

Several conditional jumps in the block:

N10 MC1l: GO X20 Y20

N15 GO X0 YO

N20 IF R1==1 GOTOB MC1l IF R1==2 GOTOF MAZ2

N30 GO X10 Y10

N50 MA2: GO X50 Y50

N60 M30

Note
The jumpis executed for the first fulfilled condition.
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11.14.3 Programexample for jumps

Task

Approaching points on a circle segment:
Existing conditions:

Start angle:30°in R1

Circleradius: 32 mm in R2

Position spacing: 10° in R3
Numberofpoints: 11 inR4

Position of circle centerin Z: 50 mm in R5
Position of circle centerin X: 20 mm in R6

See the followingillustration for linear approach of points on a circle segment:

X A R4 = 11 (number of points)
Point1Q. -~~~ "~~~
7
7
Point 11 4
\ Point 1
20 y
R6
-
AN / =
? R5 N o I
| SN o 7
Se 50 ’//

Programming example
N10 R1=30 R2=32 R3=10 R4=11 R5=50 R6=20 ;Assignment of initial values
N20 MCl: GO Z=R2*COS (R1l)+R5 X=R2*SIN(R1l)+R6 ;Calculation and assignment to axis addresses
N30 R1=R1+R3 R4= R4-1
N40 IF R4 > 0 GOTOB MC1
N50 M2
Explanation

In block N10, the starting conditions are assigned to the corresponding arithmetic parameters. The calculation of the

coordinatesin X and Z and the processing takes place in N20.

In block N30, R1 is incremented by the clearance angle R3,and R4 is decremented by 1.

If R4 >0, N20 is executed again;otherwise, N50 with End of program.

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017

131



11.14.4 Jump destination forprogramjumps

Functionality

A label orablock number serve to mark blocks as jump destinations for program jumps. Program jumps can be used to
branch to the program sequence.

Labels can be freely selected, but must contain a minimum of2 and a maximum of 8 letters or numbers of which the first two
characters must be letters orunderscore characters.

Labelsthat are in the block that serves as the jump destination are ended by a colon. They are always at the start of a block.
If a block numberisalso present, the label is located after the block number.

Labels mustbe unique within a program.

Programming example

N10 LABELl: G1 X20 F100 ; LABEL1 is the label, jump destination
N20 GO X10 Y10

TR789: GO X10 z20 ;TR789 is the label, Jjump destination
N30 GO X30 Z30 - No block number existing

N100 GO X40 740 ;Block number can be jump target

M30

1115 Subroutine technique
11.15.1 General information

Application
Basically, there is no difference between a main program and a subroutine.

Frequently recurring machining sequences are stored in subroutines, e.g. certain contour shapes. These subroutines are
called at the appropriate locations in the main program and then executed.

One form of a subroutine is the m achining cycle. The machining cycles contain generally valid machining cases (e.g. drilling,
tapping, groove cutting, etc.). By assigning values via included transfer parameters, you can adapt the subroutine to your
specificapplication.

See the followingillustration for example for using a subroutine fora workpiece four times:

Subroutine

Set-up

The structure of a subroutine is identical to that of a main program (see Section 'Program structure|(Page 79)"). Like main
programs, subroutines contain M2 - end of program in the lastblock of the program sequence. Thismeans areturn to the
program level where the subroutine was called from.

End of program
The endinstruction RET can also be used instead of the M2 program end in the subroutine.
RET must be programmed in a separate block.

The RET instruction is used when G64 continuous-path mode is notto be interrupted by a return. With M2, G64 is
interrupted and exact stop is initiated.
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See the followingillustration for example of sequence when calling a subroutine twice:

Sequence

Main program

MAIN 123

N20 L10; Call n

N21 ... Subroutine
Return L10

K[ N10 R1=34 ...

Call N20 X... Z...

N80 L10; Call -]

Return yM2

M2 \

Subroutine name

The program is given a unique name allowing itto be selected from several subroutines. When you create the program, the
program name may be freely selected, provided the following conventions are observed.

The same rules apply as for the names of main programs.
Example: LRAHMEN7

It is also possible to use the addresswordL... in subroutines. The value can have 7 decimal places (integers only).

Note
With address L, leading zeros are meaningful for differentiation.

Example:L128isnotL0128 or L00128.
These are three different subroutines.

Note
The subroutine name LL6 isreserved for tool change.

Subroutine call

Subroutines are called in a program (main or subroutine) with their names. To do this, a separate block s required.

Example:
N10 L785 ; Call subroutine L785
N20 LRAHMEN7 ; Call subroutine LRAHMEN7

Program repetition P...

If a subroutine isto be executed several times in succession, write the numberoftimesit is to be executed in the block of
the call after the subroutine name underthe address P. Amaximum of 9,999 cycles are possible (P1 ... P9999).

Example:
|N10 1785 P3 ; Call subroutine L785, 3 cycles

Nesting depth

Subroutines can also be called from a subroutine, not only from a main program. In total, up to 8 program levels are
available for this type of nested call, including the main program level.

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017 133



See the followingillustration for execution with 8 program levels:

1st level 2nd level 3rd level 8th level

Main program
Subroutine

Subroutine

Subroutine

Information

Modal G functions can be changed in the subroutine, e.g. G90 -> G91. When returning to the calling program, ensure thatall
modal functions are set the way you need them to be.

Please make sure that the values of your arithmetic parameters used in upper program levels are notinadvertently changed
in lower program levels.

When working with SIEMENS cycles, up to 4 program levels are needed.
11.156.2 Calling machiningcycles

Functionality

Cycles are technology subroutines realizing a certain machining process generally, for example, drilling or milling.
Adaptation to the particular problem is performed directly via supply parameters/values when calling the respective cycle.

Programming example

N10 DEF REAL RTP, RFP, SDIS, DP, DTB
N20 G18 X100 z100 GO

N30 M3 S100 F100

N40 G17 X0
N50 CYCLE83 (110, 90, O, -80, 0, -10, O, O, O, O, 1, 0) ; Call of cycle 83, transfer values directly,
separate block

N60 GO X100 Z100

N70 RTP=100 RFP= 95.5 SDIS=1, DP=-5, DTB=3 ; Set transfer parameters for cycle 82
N80 CYCLE82 (RTP, RFP, SDIS, DP, , DTB) ; Call of cycle 82, separate block
N90 M30

11.15.3 Modal subroutine call

Functionality

The subroutine in the block containing MCALL is called automatically after each successive block containing a path motion.
The call acts until the next MCALL is called.

The modal call of the subroutine which contains MCALL or quitting of the call requires a separate block.

MCALL is advantageous, for example, when producing drill patterns.

Programming example

Application example: Drilling a row of holes

N10 MCALL CYCLE82(100, O, 1, -10, 2) ; Drilling cycle 82

N20 HOLES1(1, 2, 45, 2, 2, 1) ; Cycle for row of holes; after each approach
of the hole position, CYCLE82(...) will be
called with the transfer parameters

N30 MCALL ; Modal call of CYCLE82(...) completed

N40 M30
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11.15.4 Executing internal and external subroutines (CALL, EXTCALL)

Function
e With the caLL. command, you can reload and execute programs stored in the NC directory.

e With the ExTCALL command, you can reload and execute programs stored on an external USB memory stick.

Machine data and setting data
The following machine data is used for the ExTcaLL.command:

e MD18362 $MN_MM_EXT_PROG_NUM
Number of program levels that can be processed simultaneously from external

e SD42700 $SC_EXT_PROGRAM_PATH
Program path for external subroutine call

Note

When using SD42700 $SC_EXT_PROGRAM_PATH, all subprograms called with EXTCALL are searched under this
path.

Programming
e caLL"<//INC:/MPF.DIR/program name>"
® EXTCALL

— Programming with path specification in SD42700 EXT_PROGRAM_PATH
("<program name>")

— Programming without path specification in SD42700 EXT_PROGRAM_PATH
("<path\program name>")

Parameter

e For internal subroutines

CALL ; Keyword for subroutine call
<Path/program name> ; Constant/variable of STRING type
Example:

CALL "/INC:/MPF.DIR/Program1.MPF"

® For external subroutines
— Programming with path specification in SD42700 EXT_PROGRAM_PATH

EXTCALL ; Keyword for subroutine call
<program name> ; Constant/variable of STRING type
Example:

EXTCALL ("Program2.MPF")
— Programming without path specification in SD42700 EXT_PROGRAM_PATH

EXTCALL ; Keyword for subroutine call
<Path\program name> ; Constant/variable of STRING type
Example:

EXTCALL ("USB:\EXTERNE_UP\Program2.MPF")
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Note

Internal and external subroutines mustnot contain jump statements such as GoToF, GOTOB, CASE, FOR, LOOP, WHILE, OF
REPEAT.

IF-ELSE-ENDIF constructions are possible.
Subroutine callsand nested carL and EXTcaLL calls may be used.

RESET, POWER ON

RESET and POWER ON can cause the interruption of internal and external subroutine calls.

Examples

e Calling aninternal subroutine
The "Main.mpf'main program stored on the USB memory stick is selected for execution:

N10 G4 FO0.5

N20 MSG ("CALL Milling")

N30 CALL "//NC:/MPF.DIR/BOHRUNG.SPE"
N40 M30

The "BOHRUNG.SPF" subprogram stored in the NC directory is to be reloaded:

N10 GO1 X10 Y20 Z30 F1000
N20 G91 X10 Y10 Z10
N30 M30

e Calling an external subroutine
The "Main.mpf"'main program stored in the NC directory is selected for execution:

N10 GO X10 Y10

N20 EXTCALL ("USB:\BOHRUNG.SPF") *
N30 GO X20 Y20

N40 M30

* If you have set SD 42700 as "USB:\", you only need to enter EXTCALL ("BOHRUNG.SPF") alternatively.
The "BOHRUNG.SPF" subprogram stored on the USB memory stick is to be reloaded:

N10 GO1 X10 Y20 Z30 F1000
N20 G91 X10 Y10 Z10
N30 M30

1116 Timers and workpiece counters

11.16.1 Runtime timer

Functionality

The timers are prepared as system variables ($A...) that can be used for monitoring the technological processesin the
program oronlyin the display.

These timers are read-only. There are timers that are always active. Others can be deactivated via machine data.

Timers that are always active

e $AN_SETUP_TIME

Time since the last control powerup with default values (in minutes)

It is automatically resetin the case of a system power-up with defaultvalues.
e $AN_POWERON_TIME

Time since the last control power up (in minutes)

It is reset to zero automatically after each power-up of the control system.
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Timers that are activated via machine data
The following timers are activated via machine data (defaultsetting).
Each active run-time measurementis automatically interrupted in the stopped program state or for feedrate-override-zero.

The behavior of the activated timers for active dry run feedrate and program testing can be specified using machine data.

e $AC_OPERATING_TIME
Total executiontime in seconds of NC programsin "AUTO" mode
In "AUTO" mode, the runtimes of all programs between program startand end are summed up. The timeris zeroed after
each power-up of the control system.
e S$AC_CYCLE_TIME
Runtime ofthe selected NC program (in seconds)
The runtime between program startand end is measured in the selected NC program. The timeris reset with the start of
a new NC program.
e S$AC_CUTTING_TIME
Tool action time (in seconds)

The runtime of the path axes is measured in all NC programs between program startand end withoutrapid traverse
active and with the tool active (default setting).

The measurementisinterrupted when a dwelltime is active.
The timeris automatically setto zero after each power-up ofthe control system.

Programming example

N10 IF $AC_CUTTING_TIME>=R10 GOTOF WZZEIT ; Tool operation time limit value?
GO X20 Y20

N80 WZZEIT:GO X30 Y30

N90 MSG("Tool action time: Limit value reached")

N100 MO

M30

Display
The content of the active system variablesis visible in the window opened through the following key operations:

] " fon Sett. ” Time
UTF‘FSE data counter
Window display:

Parts in total ©) 0

Parts required @ %)

Part count ® 8

Run time ® 0000 H 0O M 00 5
Cycle time ® 6ePd H PO M 0O s
Cutting time ® 0000 H 6O M 00 S
Setup time @ 0008 H 32 M
Power on time 0002 H 29 M
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® = $AC_TOTAL_PARTS ® = $AC_CYCLE_TIME
® - $AC_REQUIRED_PARTS ® = $AC_CUTTING_TIME
® =$AC_ACTUAL_PARTS @ = $AN_SETUP_TIME

$AC_SPECIAL_PARTS s not available for display.
@ = $AC_OPERATING_TIME = $AN_POWERON_TIME

You can also view the time counter information through the following operating area:

— - - i
M =) Time
| I—|
MACHINE AUTO counter

11.16.2 Workpiece counter

Functionality
The "Workpiece counter" function provides counters for counting workpieces.

These counters exist as system variables with write and read access from the program or via operatorinput (observe the
protection level for writing!).

Machine data can be usedto control counteractivation, counterreset timing and the counting algorithm.

Counters

e $AC_REQUIRED_PARTS
Number ofworkpieces required (workpiece setpoint)

In this counter you can define the number of workpieces atwhich the actual workpiece counter SAC_ACTUAL_PARTS is
reset to zero.

The generation ofthe display alarm 21800 "Workpiece setpointreached" can be activated via machine data.

e $AC_TOTAL_PARTS
Total number ofworkpieces produced (total actual)
The counter specifies the total number of allworkpieces produced since the start time.
The counteris set to zero automatically upon every booting of the control system.

e $AC_ACTUAL_PARTS
Number ofactual workpieces (actual)
This counterregisters the number of all workpieces produced since the starting time. When the workpiece setpointis
reached ($AC_REQUIRED_PARTS, value greaterthan zero), the counteris automatically zeroed.
e $AC_SPECIAL_PARTS
Number ofworkpieces specified by the user

This counter allows users to make a workpiece counting in accordance with their own definition. Alarm outputcan be
defined for the case of identity with $AC_REQUIRED_PARTS (workpiece target). Users mustreset the counter
themselves.

Programming example

N10 IF $AC7TOTAL7PARTS::R15 GOTOF SIST ; Count reached?
GO X20 Y20

N80 SIST: GO X30 Y30

N90 MSG("Workpiece setpoint reached")

N100 MO
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Display
The content of the active system variables s visible on the window opened through the following key operations:

) 7 ool Sett. B (
L’ data cmﬁter

OFFSET

Window display:

Times / Counter

Parts in total ©) 0

Parts required @) 0

Part count ® 0

Run time ® 0060 H 00 M 00 5
Cycle time ® 0000 4 BB M 0B s
Cutting time ® 0008 H BB M 08 s
Setup time @ 0008 H 32 M
Power on time 0002 H 29 M

= $AC_TOTAL_PARTS =$AC_CYCLE_TIME
@ ®

= $AC_REQUIRED_PARTS = $AC_CUTTING_TIME
® ®

=$AC_ACTUAL_PARTS = $AN_SETUP_TIME
® @

$AC_SPECIAL_PARTS s not available for display.
@ = $AC_OPERATING_TIME =$AN_POWERON_TIME

You can also selectwhetherto activate the workpiece counterfunction through the following operating area:

— -

™' Time
M, =) ,
MACHINE AUTO coLnter

1117 Smooth approach and retraction

Functionality

The function "Smooth approach and retraction" (SPR) is intended to approach the beginning ofa contour tangentially
("smooth"), to a large degree independently ofthe position of the starting point. The control system will calculate the
intermediate points and generate the required traversing blocks. This function is used preferably in conjunction with the tool
radius compensation (TRC). The G41 and G42 commands determine the approach/retraction direction to the left or right of
the contour.

The approach/retraction path (straightline, quarter or semi-circle) is selected using a group of G commands. To
parameterize this path (circle radius, length, approach straightline), special addresses can be used; this also appliesto the
feedrate of the infeed motion. The infeed motion can additionally be controlled via another G group.

Programming

G147 ; Approach with a straight line
G148 ; Retraction with a straight line
G247 ; Approach with a quadrant
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G248 ; Retraction with a quadrant

G347 ; Approach with a semi-circle

G348 ; Retraction with a semi-circle

G340 ; Approach and retraction in space (basic setting)

G341 ; Approach and retraction in the plane

DISR=... ; Approach and retraction with straight lines (G147/G148): Distance of the cutter edge from the start

or end point of the contour
; Approach and retraction along circles (G247, G347/G248, G348): Radius of the tool center point

path
DISCL=... ; Distance of the end point for the fast infeed motion from the machining plane (safety clearance)
FAD=... ; Speed of the slow infeed motion

The programmed value acts according to the active command ofthe G group 15 (feed: G94, G95)

See the followingillustration for approaching along a straightline using the example of G42 or retraction using G41 and
completion with G40:

R = tool radius

Contour
Approach G147:

R PO - starting point
P3 - intermediate point

S\r),\\a
ﬁ\\;\g P4 - WAB end point, tangential entry in the

contour

Approach Retraction using G148:

P4 - Contour end point, tangential exit from the
contour

P3 - intermediate point

PO - end point SAR

Programming example: Approach/retraction along a straight line in a plane

N10 T1 G17 ; Activate tool, X/Y plane

N20 GO X20 Y20 ; Approach PO

N30 G42 G147 DISR=8 F600 X4 Y4 ; Approach, point P4 programmed
N40 G1 X40 ; Continue in the contour

N50 Y12

N100 G41 G1 X15 Y15

N110 X4 Y4 ; P4 - contour end point

N120 G40 G148 DISR=8 F700 X8 Y8 ; Retraction, point PO programmed
M30
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See the followingillustration for approaching along a quadrantusing the example of G42 or retraction using G41 and
completion with G40:

R = tool radius

Contour

Approach G247:

PO - starting point

P3 - intermediate point

P4 - WAB end point, tangential entry in the
contour

Retraction using G248:

P4 - contour end point, tangential exit from
the contour

P3 - intermediate point

PO - end point SAR

P3', P4' - equidistant points on the center point path

Programming example: Approach/retraction along a quarter in a plane

N10 Tl D1 G17 ; Activate tool, X/Y plane

N20 GO X20 Y20 ; Approach PO

N30 G42 G247 DISR=20 F600 X4 Y4 ; Approach, point P4 programmed
N40 G1 X40 ; Continue in the contour

N50 Y12

N60 G41 Gl X15 Y15

N70 X4 Y4 ; P4 - contour end point

N80 G40 G248 DISR=20 F700 X8 Y8 ; Retraction, point PO programmed
N90 M30

See the following illustration for approaching along a semi-circle using the example of G42 or retraction using G41 and
completion with G40:

R = tool radius

Contour

Approach G247:

PO - starting point

Sy
é\i/\g P3 - intermediate point

P4 - WAB end point, tangential entry in the
contour

1
|
|

O
: Retraction using G248:

P4 - Contour end point, tangential exit from

the contour

P3 - intermediate point
PO - end point SAR

1
P3'l Retract

P3', P4' - equidistant points on the center point path

Note
Make sure that a positive radius is entered for the tool radius. Otherwise, the directions for G41, G42 will be changed.
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Controlling the infeed motion using DISCL and G340, G341
DISCL=... specifies the distance of point P2 from the machining plane (see following figure).
In the case DISCL=0, the following will apply:

o With G340: The whole approach motion consists only of two blocks (P1, P2 and P3 are identical). The approach contour
is generated from P3 to P4.

e With G341: The whole approach motion consists only of three blocks (P2 and P3 are identical). If PO and P4 are located
in the same plane, only two blocks will result (there will be no infeed motion from P1 to P3).

It is monitored thatthe pointdefined by DISCL lies between P1 and P3, i.e. with all motions that possess a componentwhich
runs vertically to the machining plane, thiscomponentmusthave the same sign. If a reversal of the direction is detected, a
tolerance of 0.01 mm is permitted.

See the following sequence ofthe approach motion dependenton G340/G341 (example with G17):

PO P1 PO P1
[ L J ® ®
/ Infeed movement in Z
Straight line, circle or Straight line or
G340 helix G341 circle
z
__P2,P3 Machining plane: .
o XIY P2 9
? ?
o P4 / P3 a) P4
@ @
Programming example: Approach along a semi-circle with infeed
N10 T1 D1 G17 G90 G9%4 ; Activate tool, X/Y plane

N20 GO X0 YO 730 ; Approach PO

N30 G41 G347 G340 DISCL=3 DISR=13 Z=0 F500
; Approach along a semi-circle with radius: 13 mm,
; Safety clearance to the plane: 3 mm

N40 Gl X40 Y-10

N50 G40 X20 Y20

N60 M30

alternatively N30/N40:
N30 G41 G347 G340 DISCL=3 DISR=13 X40 Y-10 z0 F500

or
N30 G41 G347 G340 DISCL=3 DISR=13 F500
N40 Gl X40 Y-10 z0

Explanation with regard to N30/N40:

By using GO (from N20), the pointP1 (starting pointof the semi-circle, corrected by the tool radius) is approachedin the
plane Z=30, then lowering to the depth (P2, P3) with Z=3 (DISCL). The contouris reached at point X40 Y-10in the depth
Z=0 (P4) along a helix curve at a feedrate of 500 mm/min.

Approach and retraction velocities

® \/elocity of the previous block (e.g. GO):

All motions from PO up to P2 are executed at this speed, i.e. the motion parallel to the machining plane and the part of
the infeed motion up to the safety clearance DISCL.

® Programmed feedrate F:
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This feedrate is active from P3 or P2 if FAD is not programmed. If no F word is programmed in the SAR block, the
velocity of the previous block will act.

® Programming using FAD:
Specify the feedrate for
— G341: Infeed motion vertically to the machining plane from P2 to P3

— G340: from point P2 or P3 to P4
If FAD is not programmed, this part of the contouris traversed at the speed which is active modally from the
preceding block, in the event that no F command defining the speed is programmed in the SAR block.

e Duringretraction, the roles of the modally effective feedrate from the previous block and the feedrate programmed in the
SAR block are changed, i.e. the actual retraction contouris traversed using the old feedrate, and a new velocity
programmed using the F word will apply correspondingly from P2 to PO.

Programming example: Approach along a quadrant, infeed using G341 and FAD

N10 T1 D1 G17 G90 G94 ; Activate tool, X/Y plane
N20 GO X0 YO Z30 ; Approach PO

N30 G41 G341 G247 DISCL=5 DISR=13 FAD=500 X40 Y-10 zZ=0 F800

N40 G1 X50

N50 G40 Gl X20 Y20

N60 M30

Explanation with regard to N30:

By using GO (from N20), the pointP1 (starting pointof the quadrant, corrected by the tool radius) is approached in the plane
Z=30, then lowering to the depth (P2) with Z=5 (DISCL). Using a feedrate of FAD=500 mm/min,itis lowered to a depth of
Z=0 (P3) (G341). Then, the contour is approached atpoint X40,Y-10 along a quadrantin the plane (P4) using F=800
mm/min.

Intermediate blocks

A maximum offive blocks without moving the geometry axes can be inserted between an SAR block and the next traversing
block.

Information

Programming when retracting:

e With an SAR block with a geometry axis programmed, the contourends at P2. The positions on the axes that constitute
the machining plane resultfrom the retraction contour. The axis componentperpendicular to this is defined by DISCL.
With DISCL=0, the motion will run completely in the plane.

e If in the SAR block only the axis is programmed vertically to the machining plane, the contourwillend at P1. The
positions of the remaining axes will result, as described above. If the SAR blockis also the TRC disable block, an
additional path from P1 to PO is inserted such that no motion results at the end of the contour when disabling the TRC.

e |f onlyone axis on the machining plane is programmed, the missing second axis is modally added from its last positionin
the previous block.
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1118 Cylinder surface transformation (TRACYL)

Functionality

® The TRACYL cylinder surface transformation function can be used to machine:
— Longitudinal grooves on cylindrical bodies
— Transverse grooves on cylindrical objects

— Grooves with any path on cylindrical bodies
The path of the groovesis programmed with reference to the unwrapped, level surface of the cylinder.

® The control system transforms the programmed traversing movements in the Cartesian
coordinate X, Y, Z system into the traversing movements ofthe real machine axes. The main
spindle functions here as the machine rotary axis.

e TRACYL mustbe configured using special machine data. The rotary axis position at
which the value Y=0 is also defined here.

TRACYL transformation types

There are three forms of cylinder surface coordinate transformation:
o TRACYL withoutgroove wall offset (TRAFO_TYPE_n=512)

e TRACYL with groove wall offset: (TRAFO_TYPE_n=513)

e TRACYL with additional linear axis and groove wall offset: (TRAFO_TYPE_n=514)
The groove wall offset is parameterized with TRACYL using the third parameter.

For cylinder peripheral curve transformation with groove side compensation, the axis used for compensation should be
positioned atzero (y=0), so that the groove centric to the programmed groove centerline is finished.

Axis utilization
The following axes cannotbe used as a positioning axis or a reciprocating axis:
® The geometry axisin the peripheral direction ofthe cylinder peripheral surface (Y axis)

® The additional linearaxis for groove side compensation (Z axis).

Programming and Operating Manual (Milling)
144 6FC5398-4DP10-0BA6, 09/2017



Programming

TRACYL(d) or TRACYL(d, n) or for transformation type 514
TRACYL(d, n, groove side offset)

TRAFOOF

Rotary axis

The rotary axis cannotbe programmed asitis occupied by a geometry axis and thus cannot be programmed directly as
channel axis.

Meaning
TRACYL(d) Activates the first TRACYL function specified in the channel machine data.
d is the parameter for the working diameter.
TRACYL (d, n) Activates the n-th TRACYL function specified in the channel machine data.
The maximumforn is 2, TRACYL(d,1) corresponds to TRACYL(d).
D Value for the working diameter. The working diameteris double the distance between the
tool tip and the turning center. This diameter mustalways be specified and be largerthan 1.
n Optional 2nd parameter for the TRACYL data block 1 (preselected) or 2.
Slot side compensation Optional 3rd parameter whose value for TRACYL is preselected using the mode for machine
data.
Value range:
0: Transformation type 514 withoutgroove wall offset as previous
1: Transformation type 514 with groove wall offset
TRAFOOF Transformation OFF (BCS and MCS are once again identical).
OFFN Offset contour normal: Distance of the groove side from the programmed reference contour.
Note

An active TRACYL transformation is likewise deactivated if one of the othertransformations is activated in the relevant
channel (e.g. TRANSMIT).

OFFN address
Distance from the groove side wall to the programmed path.

The groove center line is generally programmed. OFFN defines the (half) groove width for activated milling cutterradius
compensation (G41,G42).

Programming: OFFN=... ; distancein mm

Note

Set OFFN=0 once the groove has been completed. OFFN is also used outside of TRACYL - for offset programmingin
combination with G41,G42.
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Example: Tool definition

The following example is suitable for testing the parameterization ofthe TRACYL cylinder transformation:

Program code Comment

Tool parameters Meaning

Number (DP)

STC DP1[1,1]1=120 Tool type (Milling tool)

$TC DP2[1,1]1=0 Cutting edge position (Only for turning tools)

Program code Comment

Geometry Length compensation

STC DP3[1,1]=8. Length offset vector (Calculation acc. to type and plane)
$TC DP4[1,11=9.

$TC4DP5[1 11="7.

Program code Comment

Geometry Radius

STC DP6[1,1]=6. Tool radius

STC DP7[1,1]1=0 Slot width b for slotting saw, rounding radius for milling tools
STC DP8[1,1]=0 Projection k (For slotting saw only)

$TC DP9[1,11=0

$TC DPlO[ ,11=0

STC DP11[1,1]1=0 Angle for taper milling tools

Program code Comment

Wear Length and radius compensation

$TC DP12[1,1]=0 Remaining parameters to $TC DP24=0 (Tool base dimension/adapter)

Example: Making a hook-shaped groove

Activate cylinder surface transformation:

Required tool: T1 milling tool, radius=3 mm, edge position=8

Program code Comment

N10 Tl D1 G54 G90 G94 ; Tool selection, clamping compensation
F1000

N20 SPOS=0 ; Approach the starting position

N30 SETMS (2) ; Set the second spindle as the main spindle

N40 M3 S2000 ; Run the spindle

N50 DIAMOF ; Change the diameter dimensioning to radius dimensioning
N60 GO X23 Z105

N70 TRACYL (20) ; Activate cylinder surface ;transformation

N80 G19 ; Plane selection
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Machining a hook-shaped groove:
Program code Comment

N90 Gl YO0 Z-10 ; Approach starting position
N100 G42 OFFN=-4.5 ; Tool radius compensation right of contour on
N110 X19 F500

N120 z-25

N130 Y30

N140 OFFN=-3.5

N150 YO

N160 Zz-10

N170 X25

N180 TRAFOOF

N190 DIAMON ; Diameter dimensioning

N200 G40 ; Tool radius compensation off
N210 GO X80 Z100 ; Retraction in rapid traverse
N220 M30 ; End of program

Description
Without groove wall offset (transformation type 512)

The controllertransforms the programmed traversing movements ofthe cylinder coordinate system to the traversing
movements ofthe real machine axes:

® Rotary axis
® |nfeed axis perpendicularto rotary axis
® | ongitudinal axis parallel to rotary axis

The linear axes are positioned perpendicularto one another. The infeed axis cuts the rotary axis.

With groove wall offset (transformation type 513)
Kinematics as above, but an additional longitudinal axis parallels to the peripheral direction.
The linear axes are positioned perpendicularto one another.

The velocity control makes allowance for the limits defined for the rotations.
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Groove traversing-section

In the case of axis configuration 1, longitudinal grooves along the rotary axis are subjectto parallel limits onlyifthe groove
width corresponds exactly to the tool radius.

Grooves in parallel to the periphery (transverse grooves) are not parallel at the beginning and end.

Longitudinal slot  Transverse groove

without groove wall offset
TRAFO_TYPE _n =512

With additional linear axis and groove wall offset (transformation type 514)

On a machine with a second linear axis, this transformation variant makes use of redundancy in order to perform improved
tool compensation. The following conditions then
apply to the second linear axis:

® A smallerworking area
® The second linearaxis should not be used for traversing the part program.

Certain machine data settings are assumed for the part program and the assignmentofthe corresponding axesinthe BCS
or MCS.

For more information, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Function Manual.
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Offset contour normal OFFN (transformation type 513)

To mill grooves with TRACYL, the following is programmed:
® Groove centerlinein the part program

e Halfthe groove width programmed using OFFN.

To avoid damage to the groove side OFFN acts only when the tool radius compensation is active. Furthermore, OFFN
should also be >= the tool radius to avoid damage occurring to the opposite side of the groove.

\ N
y

OFFN | contour

= P —
[ ]

Aprogrammed I

/

G42;

— é

A part program for milling a groove generally comprises the following steps:
1. Selecting a tool

Select TRACYL

Select suitable coordinate offset (frame)

Positioning

Program OFFN

Select TRC

Approach block (position TRC and approach groove side)

© N o o 0D

Groove center line contour

9. DeselectTRC

10.Retraction block (retract TRC and move away from groove side)
11.Positioning

12.Deselect OFFN

13. TRAFOOF

14.Re-selectoriginal coordinate shift (frame)

Special features

e TRC selection:
TRC is not programmed in relation to the groove side, but relative to the programmed groove centerline. To prevent the
tool traveling to the left of the groove side, G42 is entered (instead of G41). You avoid this ifin OFFN, the groove width is
entered with a negative sign.

® OFFN acts differently with TRACYL than it does without TRACYL. As, even without TRACYL, OFFN is included when
TRC is active, OFFN should be reset to zero after TRAFOOF.
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® |tis possible to change OFFN within a part program. This could be used to shift the groove center line from the center
(see diagram).

e Guiding grooves:
TRACYL does not create the same groove for guiding grooves as it would be with a tool with the diameter producing the
width of the groove. It is basically not possible to create the same groove side geometry with a smaller cylindrical tool as
itis with a largerone. TRACYL minimizes the error. To avoid problems ofaccuracy, the tool radius should only be slighty
smallerthan halfthe groove width.

Note
OFFN and TRC

With TRAFO_TYPE_n = 512, the value is effective under OFFN as an allowance for TRC. With TRAFO_TYPE_n = 513, half
the groove width is programmed in OFFN. The contouris retracted with OFFN-TRC.

1119 Coupled motion (TRAILON, TRAILOF)

Functionality

When a defined leading axis is moved, the coupled-motion axes assigned to it traverse through the distances described by
the leading axis, allowing for a coupling factor.

Together, the leading axis and all the coupled-motion axes assigned to itform a coupled axis group.

A coupled axis group can consist of any desired combinations oflinear and rotary axes. A spindle, however, can form a
coupled axis group with a spindle only. A simulated axis can also be defined as a leading axis.

Application examples

e Traversal of an axis by means of a simulated axis. The leading axis is a simulated axis and the coupled-motion axis a
real axis. In this way, the real axis can be traversed as a function of the coupling factor.

® Two-sided machining with a coupled axis group: leading axis Z, coupled-motion axis W.

Programming

TRAILON (<coupled-motion axis>,<leading axis>,<coupling factor>)
TRAILOF (<coupled-motion axis>,<leading axis>)

TRAILOF (<coupled-motion axis>)

Meaning

TRAILON Command for activating and defining a coupled axis group
Effectiveness: modal

<coupled-motion axis> Parameter 1: Axis name ofthe coupled-motion axis
Note:
A coupled-motion axis can neither be assigned simultaneously to over one leading axis,
nor act as the leading axis for other coupled-motion axes.

<leading axis> Parameter 2: Axis name ofthe leading axis
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<coupling factor> Parameter 3: Coupling factor

The coupling factor specifies the desired relationship between the paths of the coupled-
motion axis and the leading axis:

<coupling factor> = path of coupled-motion axis/path ofleading axis.
Type: REAL
Default: 1

The inputof a negative value causes the leading axis and the coupled-motion axis to
traverse in opposite direction.

If a coupling factoris not programmed, then coupling factor 1 automatically applies.

TRAILOF Command for deactivating a coupled axis group

Effectiveness: modal

Programming TRATILOF with 2 parameters deactivates the coupling to the specified lead-
ing axis:

TRAILOF (<coupled-motion axis>,<leading axis>)

Programming TRATILOF without specifying a leading axis produces the same result:
TRAILOF (<coupled-motion axis>)

Note

The motion of a coupled-mation axis is executed in the machine coordinate system (MCS) or in a coordinate system derived
from a kinematic transformation ofthe MCS.

The maximum number of coupled axis groupsis limited to four.

Programming example

The workpiece isto be machined on two sides with the axis configuration shown in the diagram. To do this, you create a
coupled axis group.

Program code Comment

N100 TRAILON(W,Z,-1) ; Activation of coupled axis group, Negative cou-
pling factor: coupled-motion axis traverses in the
opposite direction from leading axis.

N110 GO Z10 ; Infeed of Z and W axes in opposite axis direc-
tions.
TRAILOF (W, Z) ; Deactivation of coupled axis group.

Further information
Coupled-mation axes

A coupled-motion axis can be programmed with the full range of available motion commands (G0, G1, G2, G3, etc.). The
coupled-motion axis traverses not only the independently defined paths, butalso those derived from its leading axes on the
basis of coupling factors.
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Dynamics limit

If a coupled axis group is activated in the part program, the dynamicresponse ofall coupled-motion axes is taken into
accountduring traversing of the leading axis to avoid overloading the coupled-motion axes.

Coupling status
The coupling status of an axis can be checked in the part program with the system variable: $AA_COUP_ACT[<axis>].

Value Meaning
0 Coupled motioninactive
8 Coupled motion active

Display of distance-to-go of the coupled-motion axis for modulo rotary axes

If the leading and coupled-motion axes are modulo rotary axes, the traversing movements in the leading axis add up from n
*360°(n=1,2,3..) inthe distance-to-go display of the coupled-motion axis until the coupling is switched off.

Example: Program section with TRAILON and leading axis B and coupled-motion axis C

Program code Comment
TRAILON(C,B,1) ; Activate coupling
GO BO ; Start positioning
; Distance-to-go display at block start:
G91 B360 ; B=360, C=360
G91 B720 ; B=720, C=1080
G91 B360 ; B=360, C=1440

12 Cycles

12.1 Overview of cycles

Cycles are generally applicable technology subroutines thatcan be used to carry out a specific machining process, such as
drilling of a thread (tapping) or milling of a pocket. These cycles are adapted to individual tasks by parameterassignment.

Drilling cycle, drilling pattern cycles and milling cycles
You can carry out the following standard cycles by using the control system:
e Drilling cycles

CYCLES81:Drilling, centering

CYCLES82: Drilling, counterboring

CYCLES83: Deep-hole drilling

CYCLEBS84:Rigid tapping

CYCLE840: Tapping with compensating chuck

CYCLES85:Reaming 1

CYCLES86:Boring

e Drilling pattern cycles
HOLES1: Row of holes
HOLES2: Circle of holes
CYCLES802: Arbitrary positions

e Milling cycles
CYCLE71:Face milling
CYCLE72: Contourmilling
CYCLE76: Milling the rectangular spigot
CYCLET77:Circular spigotmilling
LONGHOLE: Elongated hole
SLOT1: Groove milling pattern on a circle
SLOT2: Circumferential groove milling pattern
POCKETS3: Rectangular pocketmilling (with any milling tool)
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POCKET4: Circular pocketmilling (with any milling tool)
CYCLE90: Thread milling
CYCLES832: High speed settings

12.2 Programming cycles

Call and return conditions

The G functions effective priorto the cycle call and the programmable offsets remain active beyond the cycle.

The machininglevel (G17,G18, G19) mustbe defined before calling the cycle. A cycle operates in the current plane with:
® First axis of the plane (abscissa)

® Second axis of the plane (ordinate)

¢ Drilling axis/infeed axis, third axis, standing vertically to the plane (vertical infeed axis)

With drilling cycles, the drilling operation is carried out in the axis standing vertically to the current plane. In milling, the depth
infeed is carried out in this axis.

See the followingillustrations for plane and axis assignment:

>
-

e’Tl'ca/ ~
/nfe
Abscjsg . 9 axig
Command Plane (abscissa/ordinate) Vertical infeed axis
G17 XY z
G18 Z/IX Y
G19 Y/Z X

Messages output during execution of a cycle
Messages that refer to the state of machining are displayed on the screen of the control system during program execution.

These messages do notinterrupt the program execution and continue to be displayed on the screen until the next message
appears.

The message texts and their meaning are listed together with the cycle to which they refer.

Block display during execution of a cycle

During the cycle execution, the cursoris always located on the program blocks of the cycle.

Cycle call and parameter list

The defining parameters for the cycles can be transferred via the parameterlistwhen the cycle is called.

Note
Cycle calls mustalways be programmed in a separate block.
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Basic instructions with regard to the assignment of standard cycle parameters

Each defining parameter ofa cycle has a certain data type. The parameter being used mustbe specified when the cycle is
called. In this parameterlist, the following parameters can be transferred:

® R parameters (only numerical values)
e Constants

If R parameters are used in the parameter list, values must first be assigned to them in the program to be called. Proceed
through either of the following methods to call the cycles:

® usingan incomplete parameterlist
® omitting parameters

If you wantto exclude the last transfer parameters thathave to be written in a call, you can prematurely terminate the
parameter listwith ")". If any parameters are to be omitted within the list, a comma™..., ,..." mustbe written as a placeholder.

No plausibility checks are made for parameter values with a limited range of values unless an error response has been
specifically described for a cycle.

If when calling the cycle the parameter listcontains more entries than parameters are defined in the cycle, the general NC
alarm 12340 "Too many parameters"is displayed and the cycle is not executed.

Note
Axis-specificand channel-specific machine data ofthe spindle mustbe configured.

Cycle call

The individual methods for writing a cycle are shown in the programming examples provided for the individual cycles.

Simulation of cycles
Programs with cycle calls can be tested firstin simulation.

During simulation, the traversing movements of the cycle are visualized on the screen.

123 Graphical cycle programming in the program editor

The program editor in the control system provides cycle programming. You can enter machining parametersin the cycle and
callthe cycle in the program.

Function

The cycle supportconsists of three components:

® Cycleselection

® |nputscreens for parameterassignment

® Helpdisplay percycle

Operating the cycle support

To add a cycle call to the program, proceed as described below:

j 1. Select the desired operating area.
PROGRAM

2. Select a cycle type with the corresponding horizontal softkey to open the lower-level vertical
é Dirill. softkey bar until the desired input screen form with the help display appears on the screen.

2V Mill

Programming and Operating Manual (Milling)
154 6FC5398-4DP10-0BA6, 09/2017



3. Enter the values directly (numerical values) or indirectly (R parameters, forexample, R27,
or expressions consisting of R parameters, for example, R27 + 10).

If numerical values are entered, then the control system automatically performs a check to
see whetherthe value lies within the permitted range.

4. Use this key to select values for some parameters thatmay have only a few values for se-

Q lection.

SELECT

Modal 5. For drilling cycles, it is also possible to call a cycle modally with this key. To deselectthe
E|l| a modal call, move the cursor to the next blankline of the program and press the softkey

L3 below:

Deselect

modal

v 6. Press this softkey to confirm yourinput. To cancel the input, press the softkey below:
0K
X

Cancel

Recompiling

Recompiling of program codes serves to make modifications to an existing program using the cycle support.

R Position the cursor on the program line for the cycle to be modified and press this softkey. This
5!; e- reopensthe inputscreen of parameter assignmentfor the cycle, and you can modify and accept the
=—— comp. parametervalues.

124 Drilling cycles

1241 General information
Drilling cycles are motional sequences specified according to DIN 66025 for drilling, boring, tapping, etc.
They are called in the form of a subroutine with a defined name and a parameterlist.

The drilling cycles can be modal, that is, they are executed at the end of each block containing motion commands. Further
cycles created by the user can also be called modally.

There are two types of parameters:
® (Geometrical parameters
® Machining parameters

The geometrical parameters are identical for all drilling cycles, drilling pattern cycles and milling cycles. They define the
reference and retraction planes, the safety clearance and the absolute or relative final drilling depth. Geometrical parameters
are assigned once during the first drilling cycle CYCLES81.
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See the followingillustration for drilling, centering - CYCLE81:

Geometrical parameters

0 Retraction plane

, / Safety clearance
|/ /| Reference plane

Final drilling depth

The machining parameters have a differentmeaning and effect in the individual cycles. They are therefore programmed in
each cycle separately.

124.2 Requirements

Call and return conditions

Drilling cycles are programmed independently of the actual axis names. The drilling position mustbe approachedin the
higher-level program before the cycle is called.

The required values for feedrate, spindle speed and direction of spindle rotation mustbe programmed in the partprogram if
there are no defining parameters in the drilling cycle.

The G functions and the current data record active before the cycle was called remain active beyond the cycle.

Plane definition

In the case of drilling cycles, it is generally assumed thatthe current workpiece coordinate system in which the machining
operationisto be performed is to be defined by selecting plane G17, G18 or G19 and activating a programmable offset. The
drilling axis is always the axis of this coordinate system which stands vertically to the currentplane.

A tool length compensation mustbe selected before the cycle is called. Its effect is always perpendicularto the selected
plane and remains active even after the end of the cycle.

See the followingillustration for length compensation:

A

Drilling axis

-\Length compensation -
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Dwell time programming

The parameters fordwell timesin the drilling cycles are always assigned to the F word and must therefore be assigned with
valuesin seconds. Any deviations from this procedure mustbe expressly stated.

124.3 Drilling, centering- CYCLES1

Programming
CYCLES81 (RTP, RFP, SDIS, DP, DPR)

Parameters

Parameter | Data type Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Final drilling depth (absolute)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
Function

The tool drills at the programmed spindle speed and feedrate to the entered final drilling depth.

Sequence

Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

® Approaching the position of safety distance relative to the reference plane with GO

® Traversing to the final drilling depth with the feedrate (G1) programmed prior to the cycle call

e Retracting to the retraction plane with GO

Explanation of the parameters
RFP and RTP (reference plane and refraction plane)

Normally, reference plane (RFP) and retraction plane (RTP) have different values. The cycle assumes that the retraction
plane precedes the reference plane. This means thatthe distance from the retraction plane to the final drilling depthislarger
than the distance from the reference plane to the final drilling depth.

SDIS (safety clearance)

The safety clearance (SDIS) acts with reference to the reference plane. This is broughtforward by the safety clearance.
The direction in which the safety clearance is active is automatically determined by the cycle.

DP and DPR (final drilling depth)

The final drilling depth can be specified either absolute (DP) or relative (DPR) to the reference plane.

With relative specification, the cycle will calculate the resulting depth automatically using the positions of reference and
retraction planes.
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Note

If a value is entered both for DP and for DPR, the final drilling depth is derived from DPR. If this differs from the absolute
depth programmed via DP, the message "Depth: Corresponding to value for relative depth" is output in the dialogline.
If the values for reference and retraction planes are identical, a relative depth specification is not permitted. The error

message 61101 "Reference plane defined incorrectly"is outputand the cycle is not executed. This errormessage is also
output if the retraction plane is located after the reference plane,i.e. its distance to the final drilling depth is smaller.

Programming example: Drilling_centering

This program produces three drill holes using the CYCLES81 drilling cycle. The drilling axis is always the Z axis.

AY AY A-B
la— A
120 N
N
30 N
NN
e ~ & -
<~ B X z
I
40 90 85) 100 108
N10 GO G17 G90 F200 S300 M3 ; Specification of technology values
N20 D3 T3 z110 ; Approach retraction plane
N30 X40 Y120 ; Approach of the first drilling position
N40 CYCLE81 (110, 100, 2, 35,) ; Cycle call with absolute final drilling

depth, safety clearance and incomplete
parameter list

N50 Y30 ; Approach next drilling position
N60O CYCLE81 (110, 102, , 35,) ; Cycle call without safety clearance
N70 GO G90 F180 S300 MO3 ; Specification of technology values

N80 X90 ; Approach next position

N90 CYCLE81 (110, 100, 2, 65,) ; Cycle call with relative final drilling
depth and safety clearance

N100 MO2 ; End of program
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124 .4 Drilling, counterboring - CYCLES82

Programming
CYCLES82 (RTP, RFP, SDIS, DP, DPR, DTB)

Parameters

Parameter | Data type Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Final drilling depth (absolute)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwell time at final drilling depth (chip breaking)

Function

The tool drills at the programmed spindle speed and feedrate to the entered final drilling depth. A dwell time can be allowed
to elapse when the final drilling depth has been reached.

Sequence

Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

e Approaching the position of safety distance relative to the reference plane with GO

e Traversingto the final drilling depth with the feedrate (G1) programmed prior to the cycle call
e Dwelltime at final drilling depth

e Retraction to the retraction plane with GO

Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section ['Drilling, centering- CYCLE81
(Page 157)".

z
A o
I =
2 do
/QQ\I ] _—RTP
SZoN RFP+SDIS

S\ -
@ |7 . RFP
DP=RFP-DPR
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DTB (dwell time)

The dwell time to the final drilling depth (chip breakage) is programmed under DTB in seconds.

Programming example 1: Drilling_counterboring

The program machines a single hole of a depth of 27 mm at position X24 Y15 in the XY plane with cycle CYCLES2.

The dwelltime programmed is 2 s, the safety clearance in the drilling axisZ is 4 mm.

%% AY A-B
A
N
N
© % B
@ - D) >
24 X @ 75 z
102

N10 GO G17 G90 F200 s300 M3

N20 D1 T10 Z110

N30 X24 Y15

N40 CYCLE82 (110, 102, 4, 75, , 2)

N50 MO2

Programming example 2: Drilling_counterboring

Proceed through the following steps:

; Specification of technology values

; Approach retraction plane

; Approach drilling position

; Cycle call with absolute final drilling

depth and safety clearance

; End of program

j 1. Select the desired operating area.
PROGRAM
2. Open the vertical softkey bar for available drilling cycles.
&b Drill
3. Press this softkey from the vertical softkey bar.
Center
drilling
Center 4. Press this softkey to open the window for CYCLEB82. Parameterize the cycle as desired.
drilling
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oy 08:49:16

JOG 2015/85/05
NC:AMPFY1.MPF
CYCLES2 Retract plane, absolute
RTP 50 .00800
2 RFP -3.000008
SDIS 2.000080
Dp -5.00800
DPR 0.000080
RTP—-—- DTB 8. 20060
REP 5DIS
DP

Cancel

v 5. Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor as a separate block.

NC:\MPF\1.MPF

CYCLES2( 5, @, 2, -20, @, 8.5)f

I

==gpnf==

1] ¢

124.5 Deep-hole drilling- CYCLES83

Programming
CYCLES83 (RTP, RFP, SDIS, DP, DPR, FDEP, FDPR, DAM, DTB, DTS, FRF, VARI, AXN, MDEP, VRT, DTD, DIS1)

Parameters

Parameter | Data type Description

RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Final drilling depth (absolute)
DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
FDEP REAL First drilling depth (absolute)
FDPR REAL First drilling depth relative to the reference plane (enter withoutsign)
DAM REAL Amountof degression (enter withoutsign)
Values:

>0: degression as value
<0: degression factor
=0: no degression

DTB REAL Dwell time at drilling depth (chip breakage)
Values:

>0:in seconds

<0: in revolutions
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Parameter | Datatype Description

DTS REAL Dwell time at starting pointand for chip removal

Values:
>0:in seconds
<0:in revolutions

FRF REAL Feedrate factor for the first drilling depth (enter withoutsign) Range of values: 0.001 ... 1
VARI INT Machining type: Chip breakage=0, Chip removal=1
AXN INT Tool axis (values: 1 = 1st geometrical axis; 2 = 2nd geometrical axis; 3 = 3rd geometrical
axis)
MDEP REAL Minimum drilling depth (only in connection with degression factor)
VRT REAL Variable return path with chip breakage (VARI=0)
Values:

>0: if traction value
=0: retraction value Tmm set

DTD REAL Dwelltime at final drilling depth

Values:

>0:in seconds

<0:in revolutions

=0: valuesameas DTB

DIS1 REAL Programmable limitdistance forreinsertion in the drill hole (for chip removal VARI=1)

Values:
>0: programmable value applies

=0: automatic calculation

Function

The tool drills at the programmed spindle speed and feedrate to the entered final drilling depth.

Deep hole drilling is performed with a depth infeed of a maximum definable depth executed several times, increasing
gradually until the final drilling depth is reached.

The drill can either be retracted to the reference plane + safety clearance after every infeed depth for swarf removal or
retracted in each case by 1 mm for chip breaking.

Sequence

Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence:

Deep hole drilling with chip removal (VARI=1)

Approaching the position of safety distance relative to the reference plane with GO

Traversing to the first drilling depth with G1, the feedrate for which is derived from the feedrate defined with the program
call which is subject to parameter FRF (feedrate factor)

Dwelltime at final drilling depth (parameter DTB)

Retracting to the reference plane broughtforward by the safety clearance for swarf removal with GO

Dwell time at the starting point(parameter DTS)

Approach of the drilling depth last reached, reduced by anticipation distance with GO

Traversing to the next drilling depth with G1 (sequence of motions is continued until the final drilling depth is reached)

Retracting to the retraction plane with GO

Programming and Operating Manual (Milling)
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See the followingillustration for parameters for CYCLES83:

AZ

»G1
2> GO
DG4

CO0O0oooo

RTP
REP+SDIS
RFP

® =
@ 7‘__7//_)( ||IL|| FDEP

._7//__'_I | Sz| | FDEP
/ - DP = RFP-DPR

AN

D eep-hole drilling with chip breakage (VARI=0)
e Approach of the reference plane broughtforward by the safety clearance by using GO

® Traversing to the first drilling depth with G1, the feedrate for which is derived from the feedrate defined with the program
call which is subject to parameter FRF (feedrate factor)

e Dwelltime at final drilling depth (parameter DTB)

® Retraction by 1 mm from the currentdrilling depth with G1 and the feedrate programmed in the calling program (for chip
breaking)

e Traversingto the next drilling depth with G1 and the programmed feedrate (sequence of motions is continued until the
final drilling depth is reached)

® Retraction to the retraction plane with GO

$ G1
% 2> GO
2 G4

7 . RTP

RFP+SDIS
RFP

AZ

I o o

FDEP

DP = RFP-DPR

Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section ['Drilling, centering- CYCLES81
(Page 157)".
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Interrelation of the DP (or DPR), FDEP (or FDPR) and DAM parameters

The intermediate drilling depth is calculated in the cycle on the basis of final drilling depth, first drilling depth and amount of
degression as follows:

® |n the first step, the depth parameterized with the first drilling depth is traversed as long as it does not exceed the total
drilling depth

® From the second drilling depth on, the drilling stroke is obtained by subtracting the amountof degression from the stroke
of the last drilling depth, provided that the latter is greater than the programmed amountofdegression

® The nextdrilling strokes correspond to the amountof degression, aslong as the remaining depth is greater than twice
the amountof degression

® The last two drilling strokes are divided and traversed equally and are therefore always greater than half of the amountof
degression

e [f the value for the first drilling depth is incompatible with the total depth, the errormessage 61107 "First drilling depth
defined incorrectly"is output and the cycle is not executed

The FDPR parameter has the same effectin the cycle as the DPR parameter. If the values for the reference and retraction
planes are identical, the first drilling depth can be defined as a relative value.

If the first drilling depth is programmed larger than the final drilling depth, the final drilling depth is never exceeded. The cycle
will reduce the first drilling depth automatically as far as the final drilling depth is reached when drilling only once, and will
therefore drill only once.

DTB (dwell time)

The dwell time to the final drilling depth (chip breakage) is programmed under DTB in seconds.
DTS (dwell time)

The dwell time at the starting pointis only performed if VARI=1 (chip removal).

FRF (feedrate factor)

With this parameter, you can specify a reduction factor for the active feedrate which only applies to the approach to the first
drilling depthin the cycle.

VARI (machining type)

If parameter VARI=0 is set, the drill retracts 1 mm after reaching each drilling depth for chip breakage. If VARI=1 (for chip
removal), the drill traverses in each case to the reference plane shifted by the amountofthe safety clearance.

Note

The anticipation distance is calculated internally in the cycle as follows:

o If the drilling depthis 30 mm, the value of the anticipation distance is always 0.6 mm.

e Forlargerdrilling depths, the formula drilling depth / 50 is used (maximum value 7 mm).

AXN (tool axis)

By programming the drilling axis via AXN, it is possible to omitthe switchoverfrom plane G18to G17 when the deep-hole
drilling cycle is used on turning machines.

The identifiers have the following meanings:

AXN=1 First axis of the currentplane
AXN=2 Second axis of the current plane
AXN=3 Third axis of the currentplane

For example,to machine a centerhole (in Z) inthe G18 plane, you program:

G18

AXN=1

MDEP (minimum drilling depth)

You can define a minimum drilling depth for drill stroke calculations based on a degression factor. If the calculated drilling

stroke becomes shorterthan the minimum drilling depth, the remaining depth is machined in strokes equaling the length of
the minimum drilling depth.
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VRT (variable retraction value for chip breakage with VARI=0)

You can program the retraction path for chip breaking.

DTD

(dwell time at final drilling depth)

The dwell time at final drilling depth can be entered in seconds or revolutions.
DIS1 (programmable limit distance for VARI=1)

The limitdistance after re-insertion in the hole can be programmed.

The limitdistance is calculated within the cycle as follows:

e Up to a drilling depth of 30 mm, the value is set to 0.6 mm.

® Forlargerdrilling depths, the limitdistance is the result of

(RFP + SDIS - current depth)/ 50. If this calculated value >7, a limitof 7 mm, maximum, is applied.

Programming example 1: Deep-hole drilling

This program executes the cycle CYCLES83 at the positions X80 Y120 and X80 Y60 in the XY plane. The first drill hole is
drilled with a dwell time zero and machining type chip breaking. The final drilling depth and the first drilling depth are entered
as absolute values. In the second cycle call, a dwelltime of 1 s is programmed. Machining type chip removal is selected, the
final drilling depth is relative to the reference plane. The drilling axisin both cases is the Z axis.

LY AY A-B

| A
D (I
L/ |

)
A N
o
S N
l«— B
o
«©
& ~ @ -
X Z
.80 | Nl
150
N10 GO G17 G90 F50 S500 M4
N20 D1 T12
N30 Zz155
N40 X80 Y120
N50 CYCLE83(20,0,3,-15,,-6,,1,1,1,1,0,3,4,3,1,2)
N60O X80 Yo0
N70 CYCLE83(20,0,3,-15,,-6,,1,1,1,1,0,3,4,3,1,2)
N80 MO0O2
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; Specification of technology values
; Approach retraction plane

; Approach first drilling position

; Call of cycle; depth parameters with
absolute values

; Approach next drilling position

; Cycle call with relative data for final
drilling depth and first drilling depth;
the safety clearance is 1 mm and the
feedrate factor is 0.5

; End of program
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Programming example 2: Deep-hole drilling
Proceed through the following steps:

j 1. Select the desired operating area.
PROGRAM
2. Open the vertical softkey bar for available drilling cycles.
&b Drill
3. Press this softkey to open the window for CYCLEB83. Parameterize the cycle as desired.
Deep hole
drilling
X 06:50:13
oy 2015/85/05
NC:AMPF\1.MPF
CYCLES3 Retract plane, absolute
RTP
2 RFP
5DIS
7l DP
DPR 0.00000
RTP - FDER
L FDPR
RFP SIS DAM
]
i DTS
FDEPY FRF 1.00000
DP I_ L UARI (] 8]
AXN 3 o
MDEP 0.00000
URT 9.00000
DD
DIS1 ©.00000
WL
v 4. Confirm your settings with this softkey. The cycle is then automatically transferred to the
oK program editor as a separate block.
GYGLEss( ) H ) !al ) H ) H ) 1! al 3! B! a! IB)“
==aof==

1246 Rigid tapping- CYCLE84

Programming
CYCLES84 (RTP, RFP, SDIS, DP, DPR, DTB, SDAC, MPIT, PIT, POSS, SST, SST1, AXN, 0, 0, VARI, DAM, VRT)

Parameters

Parameter | Datatype Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Final drilling depth (absolute)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwell time at final drilling depth (chip breakage)
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Parameter | Datatype Description

SDAC INT Direction of rotation after end of cycle
Values: 3, 4 or 5 (for M3, M4 or M5)

MPIT REAL Thread lead as a thread size (signed):
Range of values 3 (for M3) to 48 (for M48); the sign determines the direction of rotation in
the thread

PIT REAL Thread lead as a value (signed)
Range of values:0.001 mm to 2000.000 mm; the sign determines the direction of rotation in
the thread

POSS REAL Spindle position for oriented spindle stop in the cycle (in degrees)

SST REAL Speed for tapping

SST1 REAL Speed for retraction

AXN INT Tool axis (values : 1 = 1st axis of the current plane; 2 = 2nd axis of the currentplane;3 =
3rd axis of the currentplane)

PSYS INT Internal parameter; only the default value 0 is possible

PSYS INT Internal parameter; only the default value 0 is possible

VARI INT Machining type (values: 0 = Tappingin one pass; 1 = Deep-hole tapping with chip breakage;
2 = Deep-hole tapping with chip removal)

DAM REAL Incremental drilling depth
valuerange: 0 <= Max. value

VRT REAL Variable return path with chip breakage

value range: 0 <= Max. value

) The definition of the 1st, 2nd, and 3rd axes depends upon the current plane selected.

Function
The tool drills at the programmed spindle speed and feedrate to the entered final thread depth.

CYCLEBS84 can be used to make tapped holes withoutcompensating chuck. For tapping with compensating chuck, a
separate cycle CYCLE840 is provided.

Note

CYCLES84 can be used if the spindle to be used for the boring operation is technically able to be operated in the position-
controlled spindle operation.

Sequence
Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

® Approaching the position of safety distance relative to the reference plane with GO

® Oriented spindle stop (value in the parameter POSS) and switching the spindle to axis mode

® Tappingto final drilling depth and speed SST

e Dwelltime at thread depth (parameter DTB)

e Retraction to the reference plane broughtforward by the safety clearance, speed SST1 and direction reversal

® Retraction to the retraction plane with GO; spindle mode is reinitiated by reprogramming the spindle speed active before
the cycle was called and the direction of rotation programmed under SDAC
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Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section 'Drilling, centering- CYCLES81
(Page 157)".

SDAC
\Z
0> GO
_ P G331
= P G332
O
= B G4
|
a
[ RTP
L % REP+SDIS
N\ >
@ =
DP=RFP-DPR

DTB (dwell time)

The dwell time mustbe programmed in seconds. When tapping blind holes, itis recommended thatyou omitthe dwell time.
SDAC (direction of rotation after end of cycle)

Under SDAC, the direction of rotation after end of cycle is programmed.

For tapping, the direction is changed automatically by the cycle.

MPIT and PIT (thread lead as a thread size and as a value)

The value for the thread lead can be defined either as the thread size (for metricthreads between M3 and M48 only) or as a
value (distance from one thread turn to the next as a numerical value). Any parameters notrequired are omitted in the call or
assigned the value zero.

RH or LH threads are defined by the sign of the lead parameters:
® Positive value - right (same as M3)
® Negative value - left (same as M4)

If the two lead parameters have conflicting values, alarm 61001 "Thread lead wrong"is generated by the cycle and cycle
executionis aborted.

POSS (spindle position)

Before tapping, the spindle is stopped with orientation in the cycle by usingthe command SPOS and switched to position
control.

The spindle position for this spindle stop is programmed under POSS.

SST (speed)

Parameter SST contains the spindle speed for the tapping block with G331.

SSTH1 (retraction speed)

The speed for retraction from the tapped hole is programmed under SST1.

If this parameteris assigned the value zero, retraction is carried out at the speed programmed under SST.
AXN (tool axis)

The identifiers have the following meanings:

AXN=1 1st axis of the current plane
AXN=2 2nd axis of the current plane
AXN=3 3rd axis of the currentplane
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For example, to machine a centerhole (in Z) inthe G17 plane, you program:

G17
AXN=3

Deep-hole tapping: VARI, DAM, VRT

With the VARI parameter, itis possible to distinguish between simple tapping (VARI=0) and deep-hole tapping (VARI * 0).

In conjunction with deep-hole tapping, itis possible to choose between chip breaking (retraction by variable distance from
current drilling depth, parameter VRT, VARI = 1) and chip removal (withdrawal from reference plane VARI= 2). These
functions work analogously to the normal deep-hole drilling cycle CYCLES83.

The incremental drilling depth for one passis specified via parameter DAM. The cycle internally calculates the intermediate

depth as follows:

® The programmed incremental drilling depth is executed in each step until the rest up to the final drilling depthis less than

(<) 2 x DAM

® The remainingdrilling depth is halved and executed in two steps. Thus, the minimum drilling depth is not smaller than

DAM/ 2.

Note

The direction of rotation when tapping in the cycle is always reversed automatically.

Programming example 1: Rigid tapping

A thread is tapped withoutcompensating chuck at position X30 Y35 in the XY plane; the tapping axis is the Z axis. No dwell
time is programmed;the depth is programmed as a relative value. The parameters for the direction of rotation and for the

lead mustbe assigned values. A metricthread M5 is tapped.

Ay AY A-B
<A
D
N
© B
o™
N - S\ -
& 30 X @ Z

N10 GO G90 T11 D1
N20 G17 X30 Y35 740
N30 CYyCLES4 (20,0,3,-15,,1,3,6,,0,500,500,3,0,0,0,5,0)

N40 MO2
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; Specification of technology values

; Approach drilling position

Cycle call; parameter PIT has been omit-
ted; no value is entered for the absolute
depth or the dwell time; spindle stop at
90 degrees; speed for tapping is 200,
speed for retraction is 500

; End of program
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Programming example 2: Rigid tapping

Proceed through the following steps:

)

PROGRAM

&b Drill

Thread

Rigid
tapping

oK

124.7

Programming

1.

Select the desired operating area.

Open the vertical softkey bar for available drilling cycles.

Press this softkey from the vertical softkey bar.

Press this softkey to open the window for CYCLES84. Parameterize the cycle as desired.

M 06:52:08
ity 2015/05,05
NC:\MPFY1.MPF
CYCLES4 Retract plane, ahsolute
RTP 5.000600
2 RFP
SDIS 2.00000
DP -18.00000
DPR 0.00000
RTP | D18 8.50000
E SDAC 3 o
RFP AL MPIT 12.00000
PIT
P0OSS B.008000
85T 200, 00000
55T1 200,00000
P — AXN 3 0
PSYS 0
P5YS 0
URRI 0 0
DAM
URT 0.00000

Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor as a separate block.

NC:\MPF\1.MPF 2
CYCLE84( 5, ,2, -18, @, 6.5, 3, 12, ,8, 200, 200, 3, @, 8, 8, ,0)
|

==apf==

Tapping with compensating chuck - CYCLE840

CYCLES840 (RTP, RFP, SDIS, DP, DPR, DTB, SDR, SDAC, ENC, MPIT, PIT, AXN)

Parameters

Parameter | Datatype Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)
DP REAL Final drilling depth (absolute)
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Parameter | Datatype Description

Values: 0 (automatic direction reversal), 3 or 4 (for M3 or M4)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwell time at final drilling depth (chip breakage)
SDR INT Direction of rotation for retraction

SDAC INT Direction of rotation after end of cycle

Values: 3, 4 or 5 (for M3, M4 or M5)
ENC INT Tapping with/withoutencoder

Values: 0 = with encoder, 1 = withoutencoder
MPIT REAL Thread lead as a thread size (signed):

Range of values 3 (for M3) to 48 (for M48)
PST REAL Thread lead as a value (signed)

Range of values:0.001 ... 2000.000 mm

3rd axis of the currentplane)

AXN INT Tool axis (values": 1 = 1st axis of the currentplane; 2 = 2nd axis of the current plane;3 =

) The definition of the 1st, 2nd, and 3rd axes depends upon the current plane selected.

Function

The tool drills at the programmed spindle speed and feedrate to the entered final thread depth.
This cycle is used to program tapping with the compensating chuck:

e Without encoder

e With encoder

Sequence

Tapping with compensating chuck without encoder

Position reached priorto cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

€8 SDAC
Zh 5> G0

_ » G63

g

]

(m]

[m|

g

g

[l RTP

74 RFP+SDIS
@ RFP
X
DP=RFP-DPR
SDR

® Approaching the position of safety distance relative to the reference plane with GO
® Tappingto the final drilling depth

o Dwelltime at tapping depth (parameter DTB)

e Retraction to the reference plane broughtforward by the safety clearance

e Retraction to the retraction plane with GO
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Sequence of operations

Tapping with compensating chuck with encoder

Position reached priorto cycle start:

The drilling positionis the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

€8 SPAC

2\ G0
_ » G33
g D G4
O
0
0
O
] RTP

L VA RFP+SDIS
@ - RFP
DP=RFP-DPR

gDR

® Approach of the reference plane broughtforward by the safety clearance by using GO
® Tappingto the final drilling depth

e Dwelltime at thread depth (parameter DTB)

e Retraction to the reference plane broughtforward by the safety clearance

® Retraction to the retraction plane with GO

Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section 'Drilling, centering- CYCLE81
(Page 157)".

DTB (dwell time)

The dwell time mustbe programmed in seconds.

SDR (direction of rotation for retraction)

SDR=0 must be set if the spindle direction is to reverse automatically.

If the machine data is defined such that no encoderis set (in this case, machine data MD30200 $MA_NUM_ENCS is 0), the
parameter mustbe assigned the value 3 or 4 for the direction of rotation; otherwise, alarm 61202 "No spindle direction
programmed"is outputand the cycle is aborted.

SDAC (direction of rotation)

Because the cycle can also be called modally (see Section "Graphical cycle programming in the program editor

(Page 154)"), it requires a direction of rotation for tapping further threaded holes. This is programmed in parameter SDAC
and corresponds to the direction of rotation programmed before the first call in the higher-level program. If SDR=0, the value
assigned to SDAC has no meaning in the cycle and can be omitted in the parameterization.

ENC (tapping)

If tapping is to be performed withoutencoder although an encoder exists, parameter ENC mustbe assigned value 1.

If, however, no encoderis installed and the parameter is assigned the value 0, it is ignored in the cycle.

MPIT and PIT (thread lead as a thread size and as a value)

The parameterforthe lead is only relevantif tapping is performed with encoder. The cycle calculates the feedrate from the
spindle speed and the lead.
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The value for the thread lead can be defined either as the thread size (for metric threads between M3 and M48 only)or as a
value (distance from one thread turn to the next as a numerical value). Any parameters notrequired are omitted in the call or
assigned the value zero.

If the two lead parameters have conflicting values, alarm 61001 "Thread lead wrong"is generated by the cycle and cycle
execution is aborted.

Note

Depending on the settings in machine data MD30200 $MA_NUM_ENCS, the cycle selects whethertappingis to be
performed with or withoutencoder.

The direction of rotation for the spindle mustbe programmed with M3 or M4.
In thread blocks with G63, the values of the feedrate override switch and spindle speed override switch are frozen to 100%.
A longer compensating chuckis usually required for tapping withoutencoder.

AXN (tool axis)

The following figure presents the options for the drilling axesto be selected.
With G17:

e AXN=1; Correspondsto X

o AXN=2; CorrespondstoY

e AXN=3; Correspondsto”Z
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Using AXN (number ofthe drilling axis) to program the drilling axis enables the drilling axis to be directly programmed.

AXN=1 1st axis of the current plane
AXN=2 2nd axis of the current plane
AXN=3 3rd axis of the currentplane
For example,to machine aholeinthe G17 plane with Z axis, you program:
G17

AXN=3

Programming example: Tapping without encoder

In this program, a thread is tapped without encoder at position X35 Y35 inthe XY plane;the tapping axisis the Z axis. The
parameters SDR and SDAC for the direction of rotation mustbe assigned; parameter ENC is assigned the value 1, the value
for the depth is the absolute value. Lead parameter PIT can be omitted. A compensating chuckis used in machining.
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AY AY A-B
le— A
1) <—B
I3
B\ — ) —
SN X @15 Z
56
N10 G90 GO T11l D1 S500 M3 ; Specification of technology values
N20 G17 X35 Y35 760 ; Approach drilling position
N30 Gl F200 ; Setting the path feedrate
N40 CYCLE840(20,0,3,-15,,1,4,3,1,6,,3) Cycle call, dwell time 1 s, direction of
rotation for retraction M4, direction of
rotation after cycle M3, no safety clear-
ance, parameters MPIT and PIT have been
omitted
N50 MO2 ; End of program

Programming example: Tapping with encoder

In this program, a thread is tapped with encoder at position X35 Y35 in the XY plane. The drilling axis is the Z axis. The lead
parameter mustbe defined, automatic reversal of the direction of rotation is programmed. Acompensating chuckis used in
machining.

AY AY A-B
A
D
UV
“ <« B
I3
B\ - ) -
35 X @15 z
56
N10 G90 GO T11 D1 S500 M4 ; Specification of technology values
N20 G17 X35 Y35 Z60 ; Approach drilling position
N30 CYCLE8B40(20,0,3,-15,,1,3,4,1,6,,3) ; Cycle call, without safety clearance,
with absolute depth specification
N40 MO2 ; End of program
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124.8

Programming

Reaming 1 - CYCLES85

CYCLES85 (RTP, RFP, SDIS, DP, DPR, DTB, FFR, RFF)

Parameters

Parameter | Data type Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Final drilling depth (absolute)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwell time at final drilling depth (chip breakage)
FFR REAL Feedrate

RFF REAL Retraction feedrate
Function

The tool drills at the programmed spindle speed and feedrate velocity to the entered final drilling depth.

The inward and outward movementis performed atthe feedrate assigned to FFR and RFF respectively.

Sequence

Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

® Approaching the position of safety distance relative to the reference plane with GO

® Traversing to the final drilling depth with G1 and at the feedrate programmed under the parameter FFR

e Dwelltime at final drilling depth

e Retracting to a position of safety distance relative to the reference plane with G1 and the retraction feedrate defined by

the parameter RFF

e Retracting to the retraction plane with GO

Explanation of the parameters
For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section 'Drilling, centering- CYCLE81

(Page 157)".
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DTB (dwell time)

The dwelltime to the final drilling depth is programmed under DTB in seconds.
FFR (feedrate)

The feedrate value programmed under FFR is active in drilling.

RFF (retraction feedrate)

The feedrate value programmed under RFF is active when retracting from the hole to the reference plane + safety

clearance.

Programming example: First drilling

CYCLES5 is called at position Z70 X50in the ZX plane. The drilling axisisthe Y axis. The value for the final drilling depthin
the cycle call is programmed as a relative value; no dwelltime is programmed. The workpiece upperedge is at Y102.

124.9 Boring- CYCLES86

Programming
CYCLES86 (RTP, RFP, SDIS, DP, DPR, DTB, SDIR, RPA, RPO, RPAP, POSS)

Parameters

A X AX A-B
A
N ]
&V _—
o l«—B
0
) — N\ —
@ > @ 77 Y
102
N10 T11l D1
Gl F200 M3 S200
N20 G18 Z70 X50 Y105 ; Approach drilling position
N30 CYCLE85 (105, 102, 2, , 25, , 300, 450) ; Cycle call, no dwell time programmed
N40 MO2 ; End of program

Parameter | Data type Description

RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Final drilling depth (absolute)
DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwelltime at final drilling depth (chip breakage)
SDIR INT Direction of rotation
Values: 3 (for M3), 4 (for M4)
RPA REAL Retraction path along the first axis of the plane (incremental, enter with sign)
RPO REAL Retraction path along the second axis of the plane (incremental, enter with sign)
RPAP REAL Retraction path along the drilling axis (incremental, enter with sign)
POSS REAL Spindle position for oriented spindle stop in the cycle (in degrees)
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Function

The cycle supports boring of holes with a boring bar.

The tool drills at the programmed spindle speed and feedrate velocity up to the entered drilling depth.

With drilling 2, oriented spindle stop is activated once the drilling depth has beenreached. Then, the programmed retraction
positions are approached inrapid traverse, and from there the retraction plane isapproached.

Sequence

Position reached prior to cycle start:

The drilling position is the position in the two axes of the selected plane.

The cycle creates the following sequence of motions:

® Approaching the position of safety distance relative to the reference plane with GO

® Traversingto final drilling depth with G1 and the feedrate programmed prior to the cycle call

e Dwelltime to final drilling depth

e COriented spindle stop at the spindle position programmed under POSS

e Traverse retraction path inup to three axes with GO

e Retracting in the drilling axis to the position of safety distance relative to the reference plane with GO

e Retracting to the retraction plane with GO (initial drilling position in both axes of the plane)

Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section ['Drilling, centering- CYCLE81
(Page 157)".
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RFP+SDIS
RFP
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DP=
QSEB RPO RFP-DPR
RPA
RPAP

DTB (dwell time)
The dwell time to the final drilling depth (chip breakage) is programmed under DTB in seconds.
SDIR (direction of rotation)

With this parameter, you determine the direction of rotation with which boring is performed in the cycle. If values other than 3
or 4 (M3/M4) are generated, alarm 61102 "No spindle direction programmed" is generated and the cycle is not executed.

RPA (retraction path along the first axis)

Use this parameterto define a retraction movementalong the first axis (abscissa), which is executed after the final drilling
depth has beenreached and oriented spindle stop has been performed.
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RPO (retraction path along the second axis)

Use this parameterto define a retraction movementalong the second axis (ordinate), which is executed after the final drilling
depth has been reached and oriented spindle stop has been performed.

RPAP (retraction path along the drilling axis)

You use this parameter to define a retraction movementalong the drilling axis, which is executed after the final drilling axis
has been reached and oriented spindle stop has been performed.

POSS (spindle position)

Use POSS to program the spindle position for the oriented spindle stop in degrees, which is performed after the final drilling
depth has beenreached.

Note
It is possible to stop the active spindle with orientation. The angular value is programmed using a transfer parameter.

CYCLES8G6 can be used only if the spindle to be used for the drilling operation is technically able to execute the SPOS
command.

Programming example: Second drilling

CYCLES®6 is called at position X70 Y50 in the XY plane. The drilling axis is the Z axis. The final drilling depth is programmed
as an absolute value; no safety clearance is specified. The dwelltime at the final drilling depth is 2 sec. The top edge of the
workpiece is positioned at Z110. In the cycle, the spindle is to rotate with M3 and to stop at 45 degrees.

AY AY A-B
l— A
N
NP
o le— B
to)
B\ — N\ —
ST x @— Z
110
N10 GO G17 G90 F200 S300 M3 ; Specification of technology values
N20 T11l D1 Zl1l12 ; Approach retraction plane
N30 X70 Y50 ; Approach drilling position
N40 CcyCLES6 (112, 110, , 77, O, 2, 3, -1, -1, 1, 45) ; Cycle call with absolute drilling depth
N50 MO2 ; End of program
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125 Drilling pattern cycles

The drilling pattern cycles only describe the geometry ofan arrangementofdrilling holesin the plane. The link to a drilling
process is established via the modal call of this drilling cycle before the drilling pattern cycle is programmed.

1251 Requirements

Drilling pattern cycles without drilling cycle call

Drilling pattern cycles can also be used for other applications without prior modal call ofa drilling cycle because the drilling
pattern cycles can be parameterized withoutreference to the drilling cycle used.

If there was no modal call of the subroutine priorto calling the drilling pattern cycle, error message 62100 "No drilling cycle
active" appears.

To acknowledge the errormessage, press the following key:

o
<

ALARM
CANCEL

To continue the program execution, press the following key:

The drilling pattern cycle will then approach each of the positions calculated from the inputdata one after the otherwithout
calling a subroutine at these points.
Behavior when quantity parameter is zero

The numberofholesin a drilling pattern mustbe parameterized. Ifthe value of the quantity parameteris zero when the cycle
is called (or if this parameteris omitted from the parameterlist), alarm 61103 "Numberofholesis zero" is issued and the
cycle is aborted.

Checks in case of limited ranges of input values

Generally, there are no plausibility checks for defining parameters in the drilling pattern cycles.
12.5.2 Row of holes - HOLES1

Programming
HOLES1 (SPCA, SPCO, STAT1, FDIS, DBH, NUM)

Parameters
Parameter | Data type Description
SPCA REAL First axis of the plane (abscissa) of a reference pointon the straight line (absolute)
SPCO REAL Second axis of the plane (ordinate) of this reference point (absolute)
STA1 REAL Angle to the first axis of the plane (abscissa)
Range of values:-180<STA1<180 degrees
FDIS REAL Distance from the first hole to the reference point(enter withoutsign)
DBH REAL Distance between the holes (enter without sign)
NUM INT Numberofholes
Function

This cycle can be used to produce a row of holes,i.e. a numberof holes arranged along a straight line, or a grid of holes.
The type of hole is determined by the drilling cycle that has already been called modally.
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Sequence

To avoid unnecessary travel, the cycle calculates whether the row of holesis machined starting from the first hole or the last
hole from the actual position of the plane axes and the geometry ofthe row of holes. The drilling positions are then
approached one after the otherat rapid traverse.

G17 G18 G19

A

SPCA
SPCO
=<

<

Explanation of the parameters

L Y

SPCA

o

STA1

SPCO

®

SPCA and SPCO (reference point on the first axis of the plane and of the second axis of the plane)

<Y

One pointalong the straight line of the row of holes is defined as the reference point for determining the spacing between
the holes. The distance to the first hole FDIS is defined from this point.

STA1 (angle)

The straight line can be arranged in any position in the plane. It is specified both by the pointdefined by SPCA and SPCO
and by the angle contained by the straightline and the first axis of the workpiece coordinate system that is active when the
cycle is called. The angle is entered under STA1 in degrees.

FDIS and DBH (distance)

The distance of the first hole and the reference pointdefined under SPCA and SPCO is programmed with FDIS. The
parameter DBH contains the distance between any two holes.

NUM (number)

The NUM parameteris used to define the numberofholes.

Programming example: Row of holes

Use this program to machine a row of holes consisting of five tapped holes arranged parallel to the Z axis of the ZX plane
and which have a distance of 20 mm one to another. The starting pointof the row of holesis at Z20 and X30 whereby the
first hole has a distance of 10 mm from this point. The geometry of the row of holes is described by the cycle HOLES1. First,
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drilling is carried out using CYCLES82, and then tapping is performed using CYCLE84 (tapping withoutcompensating chuck).
The holes are 80 mm in depth (difference between reference plane and final drilling depth).

bz Az ALB
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\\7J
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Yy =B ) ~
@ 30 % @& Y
22 {e o,
N10 G90 F30 S500 M3 T10 D1
N20 G17 G990 X20 7105 Y30
N30 MCALL CYCLE82 (105, 102, 2, 22, 0, 1)
N40 HOLES1 (20, 30, 0, 10, 20, 5)
N50 MCALL
N60 G90 GO X30 7110 Y105
N70 MCALL CYCLE84 (105, 102, 2, 22, 0O, ,
N80 HOLES1(20, 30, 0, 10, 20, 5)
N90 MCALL
N100 MO02

Programming example: Grid of holes

; Specification of the technological
values for the machining step

; Approach start position

; Modal call of drilling cycle

; Call of row-of-holes cycle; the cycle
starts with the first hole; only the
drill positions are approached in this
cycle

; Deselect modal call

; Change tool

; Approach position next to 5th hole

; Modal call of the tapping cycle

Call of row of holes cycle starting
w1th the fifth hole in the row

; Deselect modal call
; End of program

Use this program to machine a grid of holes consisting of five rows with five holes each, which are arranged in the XY plane,
with a spacing of 10 mm between them. The starting pointof the grid is at X30 Y20.

The example uses R parameters as transfer parameters for the cycle.

Y

MDD D DD
NANVANVANVANY,
M MDD DD
NPANVANVANVANY,
n
‘_ MM D DD
NVANVANVANVANY,
o
N
_GQ -
30 10 X
<

R10
R11
R12

R13=

=102
=105
=2

75
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R14=30
R15=20
R16=0
R17=10
R18=10
R19=5
R20=5
R21=0
R22=10

N10 G90 F300 S500 M3 T10 D1
N20 G17 GO X=R14 Y=R15 Z105

N30 MCALL CYCLES82(RL1, R10, R12, RL3,
0, 1)

N40 LABELL:

N4l HOLES1(R14, R15, R16, R17, RLS,
R19)

N50 R15=R15+R22

N60 R21=R21+1

N70 IF R21<R20 GOTOB LABEL1
N80 MCALL

N90 G90 GO X30 Y20 7105
N100 MO2

12.5.3

Programming

HOLES2 (CPA, CPO, RAD, STA1, INDA, NUM)

Circle of holes-HOLES2

; Reference point for the row of holes in the first axis of

the plane

; Reference point for the row of holes in the second axis of

the plane
; Starting angle

; Distance from first hole to reference point

; Distance between the holes
; Number of holes per row

; Number of rows

; Row counter

; Distance between the rows

; Specification of the technological values

; Approach starting position

; Modal call of drilling cycle

; Call of row of holes cycle

; Calculate y value for the next line

; Increment line counter

; Return to LABELl if the condition is fulfilled

; Deselect modal call
; Approach starting position
; End of program

Parameters
Parameter | Data type Description
CPA REAL Center point of circle of holes (absolute), first axis of the plane
CPO REAL Center point of circle of holes (absolute), second axis of the plane
RAD REAL Radius of circle of holes (enter without sign)
STA1 REAL Starting angle
Range of values:-180<STA1<180 degrees
INDA REAL Incrementing angle
NUM INT Numberofholes
Function

Use this cycle to machine a circle of holes. The machining plane mustbe defined before the cycle is called.

The type of hole is determined through the drilling cycle that has already been called modally.
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Sequence

In the cycle, the drilling positions are approached one after the other in the plane with GO.

o~
/ \
@,

\
<

Explanation of the parameters

YA CPA

INDA

STA1

CPO

xy

CPA, CPO and RAD (center point position and radius)

The position of the circle of holesin the machining plane is defined via center point (parameters CPAand CPO) and radius
(parameter RAD). Only positive values are permitted for the radius.

STA1 and INDA (starting and incremental angle)
These parameters define the arrangementofthe holes on the circle of holes.

The STA1 parameterdefines the angle of rotation between the positive direction of the first axis (abscissa) in the workpiece
coordinate system active before the cycle was called and the first hole. The INDA parameter contains the angle of rotation
from one hole to the next.

If the INDA parameter is assigned the value zero, the indexing angle is calculated internally from the number of holes which
are positioned equallyin acircle.

NUM (number)

The NUM parameter defines the number ofholes.
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Programming example 1: Circle of holes

The program uses CYCLES82 to produce four holes having a depth of 30 mm. The final drilling depth is specified as a relative
value to the reference plane. The circle is defined by the center point X70 Y60 and the radius42 mm in the XY plane. The
starting angle is 33 degrees. The safety clearance indrilling axisZis 2 mm.

33°
2
!

60
e
NP
~N

N10 G90 F140 S170 M3 T10 D1 ; Specification of technology values

N20 G17 GO X50 Y45 72 ; Approach starting position

N30 MCALL CYCLE82(2, 0, 2, , 30, 0) ; Modal call of the drilling cycle, with-
out dwell time, DP is not programmed

N40 HOLES2 (70, 60, 42, 33, 0, 4) ; Call of the circle-of-holes cycle; the

incremental angle is calculated in the
cycle since the parameter INDA has been
omitted

; Deselect modal call
; End of program

N50 MCALL
N60 MO2

Programming example 1: Circle of holes

Proceed through the following steps:

1. Select the desired operating area.
PRO%M
2. Open the vertical softkey bar for available drilling cycles.
&b Drill
Hole 3. Press this softkey from the vertical softkey bar.
pattern
Hole 4. Press this softkey to open the window for this cycle. Parameterize the cycle as desired.
circle
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oy 08:08:12

JOG 2015/85/05
NC:AMPFY1.MPF
HOLES2 Center point of hole circle, 1st axis
CPA
Y CPO
RAD
1. IMDA 5TA1
INDA 0.000080
STA1 NUM 1
GP[]7 1
RAD,
GPA X

Cancel

v 5. Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor as a separate block.

0K
NC:\MPF\1.MPF

HOLES2( , , , ,8, 1)1

I

==gpnf==

12.5.4 Arbitrary positions - CYCLES802

Programming
CYCLE802(111111111,111111111, X0, Y0, X1, Y1, X2, Y2, X3, Y3, X4, Y4)

Parameters

Parameter | Data type Description

PSYS INT Internal parameter, only the default value 111111111 is possible
PSYS INT Internal parameter, only the default value 111111111 is possible
X0 REAL First positionin the X axis

YO0 REAL First positioninthe Y axis

X1 REAL Second position in the X axis

Y1 REAL Second positioninthe Y axis

X2 REAL Third position in the X axis

Y2 REAL Third position in the Y axis

X3 REAL Fourth positioninthe X axis

Y3 REAL Fourth positioninthe Y axis

X4 REAL Fifth positioninthe X axis

Y4 REAL Fifth positioninthe Y axis

Function

This cycle allows you to freely program positions, i.e., rectangular or polar. Individual positions are approached in the order
in which you program them.
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Sequence

The drilling tool in the program traverses all programmed positionsin the order in which you program them. Machining ofthe
positions always starts at the reference point. If the position pattern consists of only one position, the tool is retracted to the

retraction plane after machining.
Explanation of the parameters
X0,Y0...X4, Y4

All positions will be programmed absolutely.

Programming example:
Drilling in G17 at the Positions

X20 Y20

X40 Y25

X30 Y40

N10 G90 G17 ; Absolute dimension data X/Y plane
N20 T10 ; Selects the tool

N30 MO6 ; Tool change

5800 M3 ; Spindle speed clockwise rotation of the spindle
MO8 F140 ; Feedrate Coolant on

GO X0 YO z20 ; Approach starting position

MCALL CYCLE82 (2, 0, 2, -5, 5, 0) ; Modal call of the drilling

N40 CYCLE80Z2 (111111111, 111111111, 20, 20, 40, ; call cycle positions

25, 30, 40)

N50 MCALL ; Deselect modal call

N60 M30 ; End of the program

12.6 Milling cycles

12.6 .1 Requirements

Call and return conditions
Milling cycles are programmed independently ofthe particularaxis name.
Before you call the milling cycles, atool compensation mustbe activated.

The appropriate values for feedrate, spindle speed and direction of rotation of spindle mustbe programmed in the part
program ifthe appropriate parameters are notprovided in the milling cycle.

The center pointcoordinates for the milling pattern or the pocket to be machined are programmed in a rectangular
coordinate system.

The G functions active priorto the cycle call and the current programmable frame remain active beyond the cycle.
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Plane definition

Milling cycles generally assume thatthe current workpiece coordinate system has been defined by selecting a plane (G17,
G18 or G19) and activating a programmable frame (if necessary). The infeed axis is always the third axis of this coordinate
system.

See the followingillustration for plane and axis assignment:

»
.

7 4X/’3 X

Messages with regard to the machining state

During the execution of the milling cycles, various messages thatrefer to the machining status are displayed on the screen.
The following messages are possible:

e "Elongated hole <No.>(first figure) being machined"

e "Slot <No.>(other figure) being machined"

e "Circumferential slot<No.>(lastfigure) being machined"

In each case, <No.> stands for the number ofthe figure that is currently being machined.

These messages do notinterrupt the program execution and continue to be displayed until the next message is displayed or
the cycle is completed.

12.6.2 Face milling- CYCLE71

Programming
CYCLE71 (_RTP, _RFP, _SDIS, _DP, _PA, _PO, _LENG, _WID, _STA, _MID, _MIDA, _FDP, _FALD, _FFP1, _VARI, _FDP1)

Parameters

Parameter | Data type Description

_RTP REAL Retraction plane (absolute)
_RFP REAL Reference plane (absolute)
_SDIS REAL Safety clearance (to be added to the reference plane; enter withoutsign)
_DP REAL Depth (absolute)
_PA REAL Starting point(absolute), first axis of the plane
_PO REAL Starting point (absolute), second axis of the plane
_LENG REAL Rectangle length along the first axis, incremental.
The cornerfrom which the dimension starts results from the sign.
_WID REAL Rectangle length along the second axis, incremental.
The cornerfrom which the dimension starts results from the sign.
_STA REAL Angle between the longitudinal axis of the rectangle and the first axis of the plane (abscissa,

enter withoutsign).
Range of values:0° < STA < 180°
_MID REAL Maximum infeed depth (enter without sign)
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Parameter | Datatype Description

_MIDA REAL Maximum infeed width during solid machining in the plane as a value (enter withoutsign)
_FDP REAL Retraction travel in the finishing direction (incremental, enter without sign)
_FALD REAL Finishing allowance in depth (incremental, enter withoutsign)
_FFP1 REAL Feedrate for surface machining
_VARI INT Machining type (enter withoutsign)
UNITS DIGIT
Values: 1 roughing, 2 finishing
TENS DIGIT:
Values:

1: parallel to the first axis of the plane,in one direction,

2: parallel to the second axis of the plane, in one direction,

3: parallel to the first axis of the plane, with alternating direction

4: parallel to the second axis of the plane, with alternating direction

_FDP1 REAL Overrun travel in the direction of the plane infeed (incremental, enter withoutsign)

Function

Use CYCLE71 to mill any rectangular surface. The cycle differentiates between roughing (machining the surface in several
steps until reaching the final machining allowance) and finishing (milling the end face in one step). The maximum infeedin
width and depth can be specified.

The cycle operates without cutter radius compensation. The depth infeed is performed in the open.

See the followingillustration for possible face milling strategies:
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Possible solid machining strategies for face milling

Sequence
Position reached prior to cycle start:

Starting positionis any position from which the infeed point can be approached atthe heightof the retraction plane without
collision.

The cycle creates the following sequence of motions:

e (GO0 is appliedto approach the infeed point at the current position level. The reference plane, broughtforward by the
safety distance, is then also approached with GO to this position. Then, also with GO, feeding to the machining plane. GO
is possible since infeed in the openis possible.

There are several roughing strategies (paraxial in one direction or back and forth).

® Sequence of motions when roughing:
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Face milling can be performed in several planes based on the programmed values_DP,_MID and _FALD. Machiningis
carried out from the top downward, i.e. one plane eachis removed and then the next depth infeed is carried out in the
open (_FDP parameters). The traversing paths for solid machining in the plane depend on the values of the parameters
_LENG, _WID, _MIDA, _FDP, _FDP1 and the cutter radius of the active tool.

The first path to be milled is always traversed such that the infeed depth exactly correspondsto _MIDA, ensuring that no
width infeed larger than the maximum possible width infeed occurs. The tool center pointtherefore does not always
travel exactly on the edge (only if _MIDA = cutter radius). The dimension by which the tool traverses outside the edge is
always equal to the cutter diameter- _MIDA even if only one surface cut is performed, i.e. area width + overrunis less
than _MIDA. The other paths for width infeed are calculated internally so as to produce a uniform path width (<=_MIDA).

Sequence of motions when finishing:

When finishing, the surface is milled in the plane once. This means that the finishing allowance when roughing has to be
selected also such that the residual depth can be removed with the finishing tool in one step.

After each surface milling passin the plane, the tool will retract. The retraction travel is programmed under the parameter
_FDP.

Machining in one direction stops at the final machining allowance + safety distance and the next starting point is
approached inrapid traverse.

When roughing in one direction, the tool will retract by the calculated infeed depth + safety clearance. The depth infeed is
performed atthe same pointas inroughing.

After finishing has been completed, the tool retracts from the last position reached to the retraction plane _RTP.
See the followingillustration for milling movement:

Ay

Milling movement when finishing in alternate
direction (machining type 42)

Explanation of the parameters
For an explanation ofthe parameters _RTP, _RFP, and _SDIS, see Section 'Drilling, centering- CYCLE81 (Page 157)".

For an explanation ofthe parameters_STA, _MID, and _FFP1, see Section Milling a rectangular pocket- POCKET3
(Page 221)".
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Roughing with MIDA larger than milling radius
(machining type 41)
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_DP (depth)

The depth can be specified as an absolute value (_DP) to the reference plane.

_PA, _PO (starting point)

Use the parameters _PAand _PO to define the starting point of the areain the axes of the plane.
LENG, _WID (length)

Use the parameters _LENGand _WID to define the length and width of a rectangle in the plane. The position of the
rectangle, with reference to _PA and _PO, results from the sign.

_MIDA (max. infeed width)

Use this parameter to define the maximum infeed width when machining in a plane. Analogously to the known calculation
method for the infeed depth (equal distribution of the total depth with maximum possible value), the width is distributed
equally, maximally with the value programmed under _MIDA.

If this parameteris not programmed or has value 0, the cycle will internally use 80% of the milling tool diameterasthe
maximum infeed width.

_FDP (retraction travel)

Use this parameter to define the dimension for the retraction travel in the plane. This parameter should reasonably always
have a value greater than zero.

_FDP1 (overrun travel)

Use this parameter to specify an overrun travelin the direction of the plane infeed (_MIDA). Thus, itis possible to
compensate the difference between the current cutter radius and the tool nose radius (e.g. cutter radius or cutting tips
arranged at an angle). The last milling cutter center point path therefore always results as _LENG (or _WID) + _FDP1 - tool
radius (from the compensation table).

Cutter diameter from tool table

—
/ _ FDP1

Area

_FALD (finishing allowance)
When roughing, a finishing allowance in the depth is taken into accountwhich is programmed under this parameter.

The residual material remained as the finishing allowance mustalways be specified for finishing to ensure that the tool can
be retracted and then fed to the starting pointof the next cut without collision.

If > 0, the parameterisignored for finishing.
_VARI (machining type)
Use the parameter _VARIto define the machining type.
Possible values are:
e Units digit:
1=roughing to finishing allowance
2=finishing
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e Tens digit:
1=parallel to the first axis of the plane; unidirectional
2=parallel to the second axis of the plane; unidirectional
3=parallel to the first axis of the plane; with alternating direction
4=parallel to the second axis of the plane; with alternating direction

If a different value is programmed for the parameter _VARI, the cycle is aborted after output of alarm 61002 "Machining type
defined incorrectly".

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.

Programming example: Face milling

Parameters for the cycle call:

Parameter Description Value
_RTP Retraction plane 10 mm
_RFP Reference plane 0Omm
_SDIS Safety clearance 2mm
_DP Milling depth -11 mm
_PA Starting pointof the rectangle X=100mm
_PO Starting pointof the rectangle Y =100mm
_LENG Rectangle dimensions X=+60mm
_WID Rectangle dimensions Y =+40mm
_STA Angle of rotation in the plane 10 degrees
_MID Maximum infeed depth 6 mm
_MIDA Maximum infeed width 10 mm
_FDP Retraction at the end of the milling path 5mm
_FALD Finishing allowance in depth No finishing allowance
_FFP1 Feedrate in the plane 4000 mm/min
_VARI Machining type 31 (Roughing parallel to the X axis with
alternating direction)
_FDP1 Overrun on last cut as determined by the cutting 2mm
edge geometry

A milling cutterwith 10 mm radiusis used.

N10 T2 D2
N20 G17 GO G90 G54 G94 F2000 X0 YO 720 ; Approach start position
N30 CYCLE71 (10, O, 2, -11, 100, 100, 60, 40, 10, 6, 10, 5, ; Cycle call

0, 4000, 31, 2)
N40 GO G90 X0 YO
N50 MO2 ; End of program

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017 191



12.6.3 Contour milling- CYCLE72
Programming
CIJ(PC%E?Z (_KNAME, _RTP, _RFP, _SDIS, _DP, _MID, _FAL, _FALD, _FFP1, _FFD, _VARI, _RL, _AS1, _LP1,_FF3, _AS2,
Parameters
Parameter | Data type Description
_KNAME STRING Name of contour subroutine
_RTP REAL Retraction plane (absolute)
_RFP REAL Reference plane (absolute)
_SDIS REAL Safety clearance (to be added to the reference plane; enter withoutsign)
_DP REAL Depth (absolute)
_MID REAL Maximum infeed depth (incremental; enter without sign)
_FAL REAL Finishing allowance atthe edge contour (enter withoutsign)
_FALD REAL Finishing allowance atthe base (incremental, enter withoutsign)
_FFP1 REAL Feedrate for surface machining
_FFD REAL Feedrate for depth infeed (enter withoutsign)
_VARI INT Machining type (enter withoutsign)
UNITS DIGIT
Values:
1: roughing, 2: finishing
TENS DIGIT:
Values:
0: intermediate travel with GO, 1 intermediate travel with G1
HUNDREDSDIGIT
Values:
0: Retraction at the end of contour to _RTP
1: Retraction at the end of contour to _RFP + _SDIS
2: Retraction by _SDIS at the end of contour
3: No retraction at the end of contour
_RL INT Traveling around the contour either centrally, to the right or to the left (with G40, G41 or G42;
enter withoutsign)
Values:
40: G40 (approach and return, straight line only)
41: G41
42:G42
_AS1 INT Specification of the approach direction/path: (enter without sign)
UNITS DIGIT:
Values:
1: Straight tangential line
2: Quadrant
3: Semi-circle
TENS DIGIT:
Values:

0: Approach to the contour in the plane
1: Approach to the contour in a spatial path
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Parameter | Datatype Description

_LP1 REAL Length of the approach travel (with straight-line) or radius of the approach arc (with circle)
(enter withoutsign)

The following parameters can be selected as options:

_FF3 REAL Retraction feedrate and feedrate for intermediate positions in the plane (in the open)

_AS2 INT Specification of the retraction direction/path: (enter withoutsign)
UNITS DIGIT:

Values:

1: Straight tangential line

2: Quadrant

3: Semi-circle

TENS DIGIT:

Values:

0: Retraction from the contourin the plane

1: Retraction from the contourin a spatial path

_LP2 REAL Length of the retraction travel (with straight-line) or radius of the retraction arc (with circle)
(enter withoutsign)

Function

Use CYCLE72to mill along any contour defined in a subroutine. The cycle operates with or without cutter radius
compensation.

It is notimperative thatthe contour is closed. Internal or external machining is defined via the position of the cutter radius
compensation (centrally, leftor right to the contour).

The contour must be programmed in the direction asit is to be milled and mustconsistof a minimum oftwo contour blocks
(start and end point), since the contour subroutine is called directly internally in the cycle.

See the following illustration for path milling 1:

Contour starting point

|
Yy

N
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See the followingillustration for path milling 2:

Contour starting point

;,m
e

o

Functions of the cycle

Selection of roughing (single-pass traversing parallel to contour, taking into account a finishing allowance, if necessary at
several depths until the finishing allowance is reached) and finishing (single-pass traversing along the final contour if
necessary at several depths)

Smooth approach to and retraction from the contour either tangentially or radially (quadrantor semi-circle)
Programmable depth infeeds

Intermediate motions either atrapid traverse rate or at feedrate

Sequence

Position reached prior to cycle start:

Starting positionis any position from which the contour starting point can be approached atthe heightof the retraction plane
withoutcollision.

The cycle generates the following sequence of motions when roughing:

The depth infeeds are distributed equally with the maximum possible value ofthe specified parameters.

Traversing to the starting pointfor first milling with GO/G1 (and FF3). This pointis calculated internally in the control
system and depends on the following factors:

— Contourstarting point (first pointin the subroutine),
— Direction of the contour at the starting point,
— Approachmode and its parameters

— Tool radius
The cutter radius compensation is activated in this block.

Depthinfeed to the first or next machining depth plus programmed safety clearance with GO/G1. The first machining
depth results from the following data:

— Total depth
— Finishing allowance
— The maximum possible depth infeed

Approach of the contour vertically with depth infeed _FFD and thenin the plane at the programmed feedrate _FFP1 or
3D with the feedrate programmed under_FAD according to the programming for smooth approach

Milling along the contour with G40/G41/G42

Smooth retraction from the contour with G1 while continuing feed for the surface machining by the retraction amount
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e Retraction with GO/G1 (and feedrate for intermediate paths _FF3), depending on the programming
e Retraction to the depth infeed pointwith GO/G1 (and _FF3).
e This sequence isrepeated on the next machining plane up to finishing allowance in the depth.

Upon completion ofroughing, the tool stands above the point(calculated internally in the control system) of retraction from
the contour at the heightof the retraction plane.

The cycle generates the following sequence of motions when finishing:
During finishing, milling is performed atthe relevantinfeed along the base of the contour until the final dimension is reached.

Smooth approach and retraction of the contour is carried out according to the existing parameters. The appropriate pathis
calculated internally in the control system.

At the end of the cycle, the tool is positioned at the contour retraction point at the heightof the retraction level.

Note

Contour programming

When programming the contour, observe the following:

* No programmable offsetmay be selected in the subroutine priorto the first programmed position.

o The first block of the contour subroutine is a straight line block containing G90/G0 or G90/G1 and defines the start of the
contour.

e The starting condition ofthe contour is the first position in the machining plane which is programmed in the contour
subroutine.

o The cutter radius compensation is selected/deselected by the higher-level cycle; therefore,no G40, G41, G42 is
programmed in the contour subroutine.

Explanation of the parameters
For an explanation ofthe parameters_RTP, _RFP, and _SDIS, see Section ['Drilling, centering- CYCLE81 (Page 157)".

For an explanation ofthe parameters_MID, _FAL, _FALD, _FFP1, _FFD, and _DP, see Section 'Milling a rectangular pocket
- POCKET3|(Page 221)".

AZ
+ Reference plane RFP
+ Finishing allowance
depth FALD
* Finishing dimension
@ depth DP
X
_KNAME (name)

The contourto be milled is programmed completely in a subroutine. _KNAME defines the name of the contour subroutine.

® Defining the contour as a subroutine
_KNAME = name of the subroutine

— If the subroutine already exists, specify a name, and then continue.

— If the subroutine does not yet exist, specify a name and then press the following softkey:
A program with the entered name is created and the program automatically jumps to the contour editor.
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New
file

— Use the following softkey to confirm your inputand return to the screen form for this cycle.

Tech
interface
e Defining the contour as a section of the called program
KNAME = name of the starting label: name of the end label
Input:

— If the contouris not yet described, specify the name of the starting label and press the following softkey. If the contour
is already described (name of starting label: name ofend label), directly press the following softkey:

Attach
contour

The control system automatically creates starting and end labels from the name entered and the program jumpsto
the contour editor.

— Use the following softkey to confirm your inputand return to the screen form for this cycle:

Tech
interface
Examples:
_KNAME="CONTOUR 1" The milling contour is the complete pro-
gram CONTOUR 1.
_KNAME="PIECE245:PIECE245E" The milling contour is defined as a sec-

tion in the calling program, which starts
from the block containing label PIECE245
to the block containing label PIECEZ245E.

_LP1, _LP2(length, radius)

Use the parameter _LP1 to program the approach travel or approach radius (distance from the tool external edge to the
contour starting point), and the parameter _LP2 to program the retraction travel or retraction radius (distance from the tool
external edge to the contour end point).

Parameters _LP1and_LP2 mustbe set to >0. In the case of zero, error61116 "Approach or retraction path=0" is output.

Note

When using G40, the approach or retraction travel is the distance from the tool center point to the start or end point of the
contour.

_VARI (machining type)

Use the parameter _VARIto define the machining type.

If a different value is programmed for the parameter _VARI, the cycle is aborted after output of alarm 61002 "Machining type
defined incorrectly".

_RL (bypassing the contour)

With the parameter _RL, you program the traveling around the contour centrally, to the rightor to the left with G40, G41 or
G42.

_AS1, _AS2 (approach direction/path, retraction direction/path)

Use the parameter _AS1 to program the specification of the approach path and _AS2 to program thatof the retraction path.
If _AS2 is not programmed, then the behavior ofthe retraction path is analogous to that of the approach path.

Smooth approach ofthe contour along a spatial path (helix or straight line) should only be programmed ifthe tool is not yet
being used or is suitable for this type of approach.
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See the followingillustration for_AS1/_AS2:

Bypassing the contour on the right or left side

_AS1/_AS2
Contour approached/
¥ - — returned from along a
' straight line
AY
AY

Contour approached/
returned from along a

T2} \ast/_as2 quarter circle
©

-

@
@
o

Contour approached/

’“\A returned from along a
semicircle

| _AS1/_AS2

Bypassing the contour centrally

_AS1/_AS2
@ B @ Contour

\ approached/returned
\ from along a straight line

In the case of central (G40), approach and retraction is only possible along a straightline.
FF3 (retraction feedrate)

Use the parameter _FF3to define a retraction feedrate for intermediate positionsin the plane (in the open) if the
intermediate motions are to be carried out with feedrate (G01). If no feedrate value is programmed, the intermediate motions
with GO1 are carried out at surface feedrate.

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.
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Programming example 1: Milling around a closed contour externally

This program is used to mill the contour shown in the diagram below.

Y A Contour starting point

Programmed
contour direction

L—Final contour
——Final contour + final
machining allowance

\j

@ X

Parameters for the cycle call:

N20 S500 M3 F3000

N30 G17 GO G90 X100 Y200 7250 G94

N40 CYCLE72 ("EX72CONTOUR", 250, 200, 3,
800, 400, 111, 41, 2, 20, 1000, 2, 20)
N50 X100 Y200

N60 M2

EX72CONTOUR .SPF

N100 G1 G90 X150 Y160
N110 X230 CHF=10

N120 Y80 CHF=10

N130 X125

N140 Y135

N150 G2 X150 Y160 CR=25
N160 M2

198

175,

10,1,

1.

S,

’

’

Parameter Description Value

_RTP Retraction plane 250 mm

_RFP Reference plane 200mm

_SDIS Safety clearance 3mm

_DP Infeed depth 175mm

_MID Maximum infeed depth 10 mm

_FAL Finishing allowance in the plane 1Tmm

_FALD Finishing allowance in depth 1.5 mm

_FFP1 Feedratein the plane 800 mm/min

_FFD Feedrate depth infeed 400 mm/min

_VARI Machining type 111 (Roughing up to finishing allowance;
intermediate paths with G1, for intermediate
paths retractionin Zto _RFP + _SDIS)

Parameters for approach:

“RL G41 - left of the contour, i.e. external machining 41

_LP1 Approach andretractionin a quadrantin the plane | 20 mm radius

_FF3 Retraction feedrate 1000 mm/min

N10 T3 D1 ; T3: Milling cutter with radius 7

Program feedrate and spindle speed
Approach start position
Cycle call

End of program
Subroutine for contour milling (for

example)

’

; Starting point of contour
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Programming example 2: Milling around a closed contour externally

With this program, the same contouris milled asin example 1. The difference is that the contour programming is now in the
calling program.

N10 T3 D1 ; T3: Milling cutter with radius 7
N20 S500 M3 F3000 ; Program feedrate and spindle speed
N30 G17 GO G90 X100 Y200 z250 G9Y%4 ; Approach start position

N40 CYCLE72 ( "PIECE245:PIECE245E", 250, 200, 3, 175, 10,1, ; Cycle call

1.5, 800, 400, 11, 41, 2, 20, 1000, 2, 20)

N50 X100 Y200

N60 M2

N70 PIECE245: ; Contour
N80 Gl G90 X150 Y160

N90 X230 CHF=10

N100 Y80 CHF=10

N110 X125

N120 Y135

N130 G2 X150 Y160 CR=25

N140 PIECE245E: ; End of contour
N150 M2

Programming example 3

Proceed through the following steps:

)

PROGRAM

£ Mill

Contour
milling

1. Select the desired operating area.

2. Open the vertical softkey bar for available milling cycles.

3. Press this softkey to open the window for CYCLE72. Enter a name in the first input field.

Y 08:16:57
_} s 2015/85/05

NC:\MPF\1.MPF
CYCLE72 Name of contour subroutine

_SDIs Attach
Dp contour

URI M
RL #

cCCcC

L2

4. Press one of the following two softkeys . The program automatically jumps to the program
editor screen form.

New If you desire to edit and store the contour in a subroutine, press this softkey.

file
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Attach
contour

Tech
interface

v
oK

5| Re-
=~ comp.

12.6.4

Programming

If you desire to edit and store the contour as a section of a main program, press this softkey.

Note:

For more information about programming in the contour editor, see Section 'Free contour
programming (Page 306)".

Press this softkey to returnto the screenform for CYCLE72. Parameterize the cycle tech-
nology data as desired.

Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor.
Note:

The cycle program created as a section of the main program mustbe stored after the M30
command.

If you desire to recompile the cycle, press this softkey.

Milling a rectangular spigot - CYCLE76

CYCLE76 (RTP, RFP, SDIS, DP, DPR, LENG, WID, CRAD, PA, PO, STA, MID, FAL, FALD, FFP1, FFD, CDIR, VARI, AP1,

AP2)

Parameters

Parameter | Data type Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Final drilling depth (absolute)

DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
LENG REAL Spigotlength

WID REAL Spigotwidth

CRAD REAL Spigotcorner radius (enter without sign)

PA REAL Reference point, first axis of plane

PO REAL Reference point, second axis of plane

STA REAL Angle between longitudinal axis and first axis of plane

MID REAL Maximum depth infeed (incremental; enter without sign)

FAL REAL Final machining allowance atthe margin contour (incremental)
FALD REAL Finishing allowance atthe base (incremental, enter withoutsign)
FFP1 REAL Feedrate for surface machining

FFD REAL Feedrate for depth infeed

CDIR INT Milling direction (enter withoutsign)

Values:

0: Down-cutmilling

1: Conventional milling

2: With G2 (independentofspindle direction)
3: With G3
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Parameter | Datatype Description
VARI INT Machining type
Values:

1: Roughing to final machining allowance
2: Finishing (allowance X/Y/Z=0)

AP1 REAL Length of blank spigot
AP2 REAL Width of blank spigot
Function

Use this cycle to machine rectangular spigots in the machining plane. For finishing, a face cutter is required. The depth
infeed is always carried out in the position upstream ofthe semi-circle style approach to the contour.

Sequence
Position reached prior to cycle start:

The starting pointis a positionin the positive range of the abscissa with the approach semi-circle and the programmed raw
dimension on the abscissa end taken into account.

Sequence of motions when roughing (VARI=1):

e Approach/retraction from contour:

Contour approach/retraction along semi-circle with CW
rotating spindle and conventional milling operation

AY

Approach to contour

Retraction from contour

The retraction plane (RTP) is approached at rapid traverse rate to then be able to position to the starting pointin the
machining plane atthis height. The starting pointis defined with reference to 0 degrees of the abscissa.
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The tool is fed to the safety clearance (SDIS) at rapid traverse with subsequenttraversing to the machining depth at
feedrate. To approach the spigot contour, the tool travels along a semi-circular path.

The milling direction can be determined either as up-cut milling or down-cut milling with reference to the spindle direction.

If the spigotis bypassed once, the contouris left along a semi-circle in the plane, and the tool is fed to the next machining
depth.

The contouris then reapproached along a semi-circle and the spigottraversed once. This process is repeated until the
programmed spigotdepth isreached. Then, the retraction plane (RTP) is approached atrapid traverse rate.

e Depthinfeed:

— Feedingto the safety clearance

— Insertionto machining depth
The first machining depth is calculated from the total depth, finishing allowance, and the maximum possible depth infeed.
Sequence of motions when finishing (VARI=2):
Depending on the set parameters FAL and FALD, finishing is either carried out at the surface contour or at the base or both
together. The approach strategy corresponds to the motionsin the plane as with roughing.
Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section |'Drilling, centering- CYCLE81
(Page 157)".

For an explanation ofthe parameters MID, FAL, FALD, FFP1, and FFD, see Section 'Milling a rectangular pocket -
POCKET3 (Page 221)".

LENG, WID and CRAD (spigot length, spigot width and corner radius)
Use the parameters LENG, WID and CRAD to define the form of a slotin the plane.

The spigotis always dimensioned from the center. The length (LENG) always refers to the abscissa (with a plane angle of0
degrees).

Spigot dimensioned from center point

Y

1 PA

PA, PO (reference point)

Use the parameters PAand PO to define the reference pointof the spigot along the abscissa and the ordinate.
This is the spigotcenter point.

STA (angle)

STA specifies the angle between the first axis of the plane (abscissa) and the longitudinal axis ofthe spigot.
CDIR (milling direction)

Use this parameter to specify the machining direction for the spigot.
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Using the CDIR parameter, the milling direction can be programmed directly with "2 for G2" and "3 for G3", or alternatively

with "synchronous milling" or "conventional milling".

Down-cutand up-cut milling are determined internally in the cycle via the direction of rotation of the spindle activated priorto

calling the cycle.

Down-cut Up-cut
M3 - G3 M3 - G2
M4 - G2 M4 - G3

VARI (machining type)

Use the parameter VARI to define the machining type.

Possible values are:

e 1=roughing

e 2=finishing

AP1, AP2 (blank dimensions)

When machining the spigot, itis possible to take into account blank dimensions (e.g. when machining precast parts).

The basic sizes for the length and width (AP1 and AP2) are programmed without sign and their symmetrical positions

around the spigotcenter are computed in the cycle. The internally calculated radius ofthe approach semi-circle dependson

this dimension.

AP2

AP1

—QGP

<y

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is canceled and alarm 61009

"Active tool number=0"is output.

Internally in the cycle, a new current workpiece coordinate system is used which influences the actual value display. The
zero pointof this coordinate system is to be found in the pocket center point.

At the end of the cycle, the original coordinate system is active again.
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Programming example: Spigot

Use this program to machine in the XY plane a spigotthatis 60 mm long,40 mm wide and has 15 mm cornerradius. The
spigothas an angle of 10 degreesrelative to the X axis and is premanufactured with a length allowance of 80 mm and a

width allowance of 50 mm.

See the following programming example for rectangular spigot:

12.6.5 Milling a circular spigot- CYCLE77

Programming

K Y
A
A-B
o
©
"X Z
7.5~
N10 G90 GO G17 X100 Y100 T20 D1 S3000 M3 ;
N1l Mo
N30 CYCLE76 (10, O, 2, -17.5, , 60, 40, 15, 80, 60, 10, 11,
, , 900, 800, 0, 1, 80, 50)
N40 M30 ;

Specification of technology values

; Cycle call

End of program

CYCLE77 (RTP,RFP, SDIS, DP, DPR, PRAD, PA, PO, MID, FAL, FALD, FFP1, FFD, CDIR, VARI, AP1)

Parameters
The following inputparameters are always required:
Parameter | Datatype Description
RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Depth (absolute)
DPR REAL Depth relative to the reference plane (enter without sign)
PRAD REAL Spigotdiameter (enter without sign)
PA REAL Reference point, first axis of plane
PO REAL Reference point, second axis of plane
MID REAL Maximum depth infeed (incremental; enter without sign)
FAL REAL Final machining allowance atthe margin contour (incremental)
FALD REAL Finishing allowance atthe base (incremental, enter withoutsign)
FFP1 REAL Feedrate for surface machining
FFD REAL Feedrate for depth infeed (or spatial infeed)
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Parameter

Data type

Description

CDIR

INT

Milling direction (enter withoutsign)

Values:

0: Down-cutmilling

1: Conventional milling

2: With G2 (independentofspindle direction)
3: With G3

VARI

INT

Machining type

Values:

1: Roughing to final machining allowance
2: Finishing (allowance X/Y/Z=0)

AP1

REAL

Diameterofblank spigot

Function

Use this cycle to machine circular spigots in the machining plane. Forfinishing, a face cutter is required. The depthinfeed is

always performed in the position before the semi-circular approach to the contour.

Sequence

Position reached prior to cycle start:

The starting pointis a positionin the positive range of the abscissa with the approach semi-circle and the programmed raw

dimension taken into account.

Sequence of motions when roughing (VARI=1):

® Approach/retraction from contour:

Approach to and retraction from the contour along
a semicircle with the spindle rotating clockwise
and synchronous milling

Approach to contour

Retraction from contour

\_
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The retraction plane (RTP) is approached at rapid traverse rate to then be able to position at this heightto the starting point
in the machining plane. The starting pointis defined with reference to 0 degrees of the axis of the abscissa.

The tool is fed to the safety clearance (SDIS) at rapid traverse with subsequenttraversing to the machining depth at
feedrate. To approach the spigot contour, the toolis approached along a semi-circular path using the programmed blank
spigot.

The milling direction can be determined either as up-cut milling or down-cut milling with reference to the spindle direction.

If the spigotis bypassed once, the contouris left along a semi-circle in the plane, and the tool is fed to the next machining
depth.

The contouris then reapproached along a semi-circle and the spigottraversed once. This process is repeated until the
programmed spigotdepthisreached.

Then, the retraction plane (RTP) is approached atrapid traverse rate.
® Depthinfeed:
— Feedingto the safety clearance
— Insertionto machining depth
The first machining depth is calculated from the total depth, finishing allowance, and the maximum possible depth infeed.
Sequence of motions when finishing (VARI=2):
According to the set parameters FAL and FALD, eitherfinishingis carried out at the surface contour or at the base or both
together. The approach strategy corresponds to the motionsin the plane as with roughing.
Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section 'Drilling, centering- CYCLE81
(Page 157)".

For an explanation ofthe parameters MID, FAL, FALD, FFP1, and FFD, see Section Milling a rectangular pocket -
POCKET3|(Page 221)".

PRAD (diameter of spigot)

Enter the diameterwithoutsign.

PA, PO (spigot center point)

Use the parameters PAand PO to define the reference pointof the spigot.
CDIR (milling direction)

Use this parameter to specify the machining direction for the spigot. Using the parameter CDIR, the milling direction can be
programmed directly with "2 for G2" and "3 for G3", or alternatively with "synchronous milling" or "conventional milling".

Down-cutand up-cut millings are determined internally in the cycle via the direction of rotation of the spindle activated prior
to calling the cycle.

Down-cut Up-cut
M3 - G3 M3 - G2
M4 > G2 M4 > G3

VARI (machining type)

Use the parameter VARIto define the machining type. Possible values are:
® 1=roughing

e 2=finishing

AP1 (diameter of blank spigot)

Use this parameter to define the blank dimension ofthe spigot (withoutsign). The internally calculated radius ofthe
approach semi-circle depends on this dimension.
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Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is canceled and alarm 61009
"Active tool number=0"is output. Internally in the cycle, a new current workpiece coordinate system is used which influences
the actual value display. The zero point of this coordinate system is to be found in the pocket center point.

At the end of the cycle, the original coordinate system is active again.

Programming example: Circular spigot

Machining a spigotfrom a blankwith a diameter of 55 mm and a maximum infeed of 10 mm per cut; specification of a final
machining allowance for subsequentfinishing of the spigot surface. The whole machining is performed with reverse rotation.

See the following programming example for circular spigot:

AY AY

N10 G90 G17 GO S1800 M3 D1 T1 ; Specification of technology values
N1l M6
N20 CcyCLE?77 (10, O, 3, -20, ,50, 60, 70, 10, 0.5, 0, 900, ; Roughing cycle call

800, 1, 1, 55)

N30 D1 T2 M6 ; Change tool

N40 S2400 M3 ; Specification of technology values
N50 CYyCLE77 (10, O, 3, -20, , 50, 60, 70, 10, O, O, 800, ; Call finishing cycle

800, 1, 2, 55)

N40 M30 ; End of program

12.6.6 Longholeslocated ona circle- LONGHOLE

Programming
LONGHOLE (RTP, RFP, SDIS, DP, DPR, NUM, LENG, CPA, CPO, RAD, STA1, INDA, FFD, FFP1, MID)

Parameters

Parameter | Datatype Description

RTP REAL Retraction plane (absolute)

RFP REAL Reference plane (absolute)

SDIS REAL Safety clearance (enter without sign)

DP REAL Slot depth (absolute)

DPR REAL Slot depth relative to the reference plane (enter without sign)
NUM INT Number of slots

LENG REAL Slot length (enter without sign)

CPA REAL Center point of circle (absolute), first axis of the plane
CPO REAL Center point of circle (absolute), second axis of the plane

Programming and Operating Manual (Milling)

6FC5398-4DP10-0BAG, 09/2017

207



Parameter | Datatype Description

RAD REAL Radius of the circle (enter without sign)

STA1 REAL Starting angle

INDA REAL Incrementing angle

FFD REAL Feedrate for depth infeed

FFP1 REAL Feedrate for surface machining

MID REAL Maximum infeed depth for one infeed (enter without sign)
Note

The cycle requires a milling cutter with an "end tooth cutting across center" (DIN844).

Function
Use this cycle to machine long holeslocated on a circle. The longitudinal axis ofthe long holes is aligned radially.
In contrast to the slot, the width of the long hole is determined by the tool diameter.

Internally in the cycle, an optimum traversing path of the tool is determined, ruling outunnecessary idle passes. If several
depthinfeeds are required to machine a slot, the infeed is carried out alternately at the end points. The path to be traversed
along the longitudinal axis ofthe long hole changesiits direction after each infeed. The cycle searches for the shortest path
when changing to the next long hole.

Sequence

Position reached prior to cycle start:

The starting position is any position from which each of the long holes can be approached without collision.
The cycle creates the following sequence of motions:

® Using GO, the starting position for the cycle is approached. In both axes of the current plane, the next end pointof the
first slot to be machined is approached atthe heightof the retraction plane in this applicate, and then the applicate is
lowered to the reference plane broughtforward by the safety clearance.

® FEachlongholeis milledinareciprocating motion. The machiningin the plane is performed using G1 and the feedrate
programmed under FFP1. The infeed to the next machining depth calculated using G1 internally in the cycle and using
feedrate is performed at each reversal point until the final depth is reached.

® Retraction to the retraction plane using GO and approach to the next long hole on the shortest path.

e After the lastlong hole has been machined, the tool is moved with GO to the positionin the machining plane, which was
reached last and which is specified in the diagram below, and the cycle is ended.
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Explanation of the parameters
For an explanation ofthe parameters RTP, RFP, and SDIS, see Section |'Drilling, centering- CYCLES81/(Page 157)".

AY
CPA
INDA
&
/I/O STA1
%
o
o
(@]
D\ —
@ .

DP and DPR (long hole depth)
The depth of the long hole can be specified either absolute (DP) or relative (DPR) to the reference plane.

With relative specification, the cycle calculates the resulting depth automatically using the positions of reference and
retraction planes.

NUM (number)

Use the parameter NUM to specify the numberoflong holes.

LENG (long hole length)
The length of the long hole is programmed under LENG.

If itis detected inthe cycle that this length is smallerthan the milling diameter, the cycle is aborted with alarm 61105 "Milling
radiusis too large".

MID (infeed depth)
Use this parameterto define the maximum infeed depth.

The depthinfeed is performed by the cycle in equally-sized infeed steps.
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Using MID and the total depth, the cycle automatically calculates this infeed which lies between 0.5 x maximum infeed depth
and the maximum infeed depth. The minimum possible number ofinfeed stepsis used as the basis. MID=0 means thatthe
cut to pocketdepth is made with one feed.

The depth infeed starts from the reference plane broughtforward by the safety clearance (depending on _ZSDI[1)).

FFD and FFP1 (feedrate for depth and surface)

The feedrate FFP1 is active for allmovementsin the plane traversed at feedrate. FFD acts for infeeds vertically to this plane.
CPA, CPO and RAD (center point and radius)

You define the position of the circle in the machining plane by the center point (CPA, CPO) and the radius (RAD). Only
positive values are permitted for the radius.

STA1 and INDA (starting and incremental angle)
The arrangementofthe long holes on the circle is defined by these parameters.

If INDA=0, the indexing angle is calculated from the number oflong holes, so that they are equally distributed around the
circle.

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.

If mutual contourviolations ofthe slots resultfrom incorrectvalues of the parameters that determine the arrangementand
the size of the slots, the cycle will not start the machining. The cycle is aborted and the error message 61104 "Contour
violation of slots/elongated holes"is output.

During the cycle, the workpiece coordinate system isrotated and offset . The valuesin the workpiece coordinate system are
shown on the actual value display such that the longitudinal axis ofthe long hole being machined is positioned on the first
axis of the current machining plane.

After the cycle has been completed, the workpiece coordinate system isin the same position again asit was before the
cycle was called.

Programming example: Machining slots

By using this program, you can machine four slots of the length 30 mm and the relative depth 23 mm (difference between
the reference plane and the slot root), which are arranged on a circle with the center point Y40 Z45 and the radius20mm in
the YZ plane. The starting angle is 45 degrees, and the incremental angle is 90 degrees. The maximum infeed depthis 6
mm, and the safety clearance 1 mm.

See the following programming example for machining slots:

AZ
A-B
f
23\; X
N10 G19 G90 D9 T10 S600 M3 ; Specification of the technological
values

N20 GO Y50 725 X5 ; Approach starting position
N30 LONGHOLE (5, O, 1, , 23, 4, 30, 40, 45, 20, 45, 90, 100 ; Cycle call
, 320, 6)
N40 MO2 ; End of program
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12.6.7

Programming

Slotsonacircle- SLOT1

SLOT1 (RTP, RFP, SDIS, DP, DPR, NUM, LENG, WID, CPA, CPO, RAD, STA1, INDA, FFD, FFP1, MID, CDIR, FAL, VARI,
MIDF, FFP2, SSF, FALD, STA2, DP1)

Parameter
Parameter | Data type Description
RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Slot depth (absolute)
DPR REAL Slot depth relative to the reference plane (enter without sign)
NUM INT Number of slots
LENG REAL Slot length (enter without sign)
WID REAL Slot width (enter withoutsign)
CPA REAL Center point of circle (absolute), first axis of the plane
CPO REAL Center point of circle (absolute), second axis of the plane
RAD REAL Radius of the circle (enter without sign)
STA1 REAL Starting angle
INDA REAL Incrementing angle
FFD REAL Feedrate for depth infeed
FFP1 REAL Feedrate for surface machining
MID REAL Maximum infeed depth for one infeed (enter without sign)
CDIR INT Milling direction for machining the slot
Values: 2 (for G2), 3 (for G3)
FAL REAL Finishing allowance atthe slot edge (enter without sign)
VARI INT Machining type
Values: 0 = complete machining, 1 = roughing, 2 = finishing
MIDF REAL Maximum infeed depth for finishing
FFP2 REAL Feedrate for finishing
SSF REAL Speed for finishing
FALD REAL Finishing allowance atthe slot base (enter withoutsign)
STA2 REAL Maximum insertion angle for oscillation movement
DP1 REAL Insertion depth perrevolution for helix (incremental)
Note

The cycle requires a milling cutter with an "end tooth cutting across center" (DIN844).
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Function

The cycle SLOT1 is a combined roughing-finishing cycle.

Use this cycle to machine slots arranged on a circle. The longitudinal axis of the slots is aligned radially. In contrast to the

long hole, a value is defined for the slot width.

Sequence

Position reached prior to cycle start:

The starting position can be any position from which each of the slots can be approached without collision.

The cycle creates the following sequence of motions:

® Approach of the position at the beginning ofthe cycle indicated inthe SLOT1 sequence illustration with GO.

® Complete machining ofa slotis carried out in the following steps:
— Approach of the reference plane broughtforward by the safety clearance by using GO

— Infeed to the next machining depth with G1 and with feedrate value FFD

— Solid machining ofthe slot to the finishing allowance atthe slot edge with feedrate value FFP1. Then finishing with
feedrate value FFP2 and spindle speed SSF along the contour according to the machining direction programmed

under CDIR.

— The depthinfeedis always carried out at the same position in the machining plane until the end depth of the slotis

reached.

® Retract tool to the retraction plane and move to the next slot with GO.

® After the last slot has been machined, the tool is moved with GO to the end positioninthe machining plane, which is

specified in the diagram below, and the cycle is ended.
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Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, and SDIS, see Section |'Drilling, centering- CYCLE81/(Page 157)".

CPA

INDA

STA1

WID

CPO

3
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DP and DPR (slot depth)
The slot depth can be specified either absolute (DP) or relative (DPR) to the reference plane.

With relative specification, the cycle calculates the resulting depth automatically using the positions of reference and
retraction planes.

NUM (number)
Use the parameter NUMto specify the number of slots.
LENG and WID (slot length and slot width)

Use the parameters LENG and WID to define the form of a slot in the plane. The milling cutter diameter mustbe smaller
than the slot width. Otherwise, alarm 61105 "Cutter radius too large" will be activated and the cycle aborted.

The milling cutter diameter mustnotbe smaller than half of the groove width. This is not checked.
CPA, CPO and RAD (center point and radius)

You define the position of the circle in the machining plane by the center point (CPA, CPO) and the radius (RAD). Only
positive values are permitted forthe radius.

STA1 and INDA (starting and incremental angle)
The arrangementofthe slot on the circle is defined by these parameters.

STA1 defines the angle between the positive direction of the first axis (abscissa) of the workpiece coordinate system active
before the cycle was called and the first groove. Parameter INDA contains the angle from one slot to the next.

If INDA=0, the incrementing angle is calculated from the number of slots so that they are arranged equally around the circle.
FFD and FFP1 (feedrate for depth and surface)

The feedrate FFD is active for all infeed movements perpendicular to the machining plane.

The feedrate FFP1 is active for allmovementsin the plane traversed at feedrate when roughing.

MID (infeed depth)

Use this parameterto define the maximum infeed depth.

The depthinfeed is performed by the cycle in equally-sized infeed steps.

Using MID and the total depth, the cycle automatically calculates this infeed which lies between 0.5 x maximum infeed depth
and the maximum infeed depth. The minimum possible number ofinfeed stepsis used as the basis. MID=0 means thatthe
cut to slot depthis made with one feed.

The depthinfeed commences atthe reference plane moved forward by the safety clearance.
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CDIR (milling direction)

Use this parameter to specify the machining direction for the groove. Possible values are:
e "2"for G2

e "3"for G3

If the parameteris set to anillegal value, then the message "Wrong milling direction, G3 will be generated" will be displayed
in the message line. In this case, the cycle is continued and G3 is automatically generated.

FAL (finishing allowance)
Use this parameter to program afinishing allowance atthe slot edge. FAL does notinfluence the depth infeed.

If the value of FAL is greater than allowed for the specified width and the milling cutter used, FAL is automatically reduced to
the maximum possible value. In the case of roughing, milling is performed with a reciprocating movementand depth infeed
at both end points of the slot.

VARI, MIDF, FFP2 and SSF (machining type, infeed depth, feedrate and speed)
Use the parameter VARIto define the machining type.

Possible values are:

® (O=complete machiningin two parts

— Solid machining ofthe slot (SLOT1, SLOT2) to the finishing allowance is performed atthe spindle speed programmed
before the cycle was called and with feedrate FFP1. Depth infeed is defined with MID.

— Solid machining ofthe remaining finishing allowance is carried out at the spindle speed defined via SSF and the
feedrate FFP2. Depth infeed is defined with MIDF.

If MIDF=0, the infeed is performed rightto the final depth.

— If FFP2 is not programmed, feedrate FFP1 is active. This also applies analogously if SSF is not specified, i.e. the
speed programmed prior to the cycle call will apply.
® 1=Roughing
The groove (SLOT1, SLOT2) is solid-machined up to the finishing allowance atthe speed programmed before the cycle
calland at the feedrate FFP1. The depth infeed is programmed via MID.
® 2=Finishing
The cycle requires that the slot (SLOT1, SLOT2) is already machined to a residual finishing allowance and thatit is only

necessary to machine the final finishing allowance. If FFP2 and SSF are not programmed, the feedrate FFP1 or the
speed programmed before the cycle call is active. Depthinfeed is defined with MIDF.

If a different value is programmed for the parameter VARI, the cycle is aborted after output of alarm 61102 "Machining type
defined incorrectly".

FALD (finishing allowance at slot edge)

When roughing, a separate finishing allowance is taken into accountat the base.
DP1

Use the parameter DP1 to define the infeed depth when inserting to the helical path.
STA2 (insertion angle)

Use the STA2 parameterto define the radius of the helical path (relative to the tool center point path) or the maximum
insertion angle for the reciprocating motion.

o Verticalinsertion

The vertical depth infeed always takes place at the same position in the machining plane aslong as the slot is reached
by the end depth.

® |nsertion oscillation on center axis of slot

It means that the milling center pointon a straight line oscillating back and forth is inserted at an angle until it has
reached the nearestcurrent depth. The maximum insertion angle is programmed under STA2, and the length of the
oscillation path is calculated from LENG-WID. The oscillating depth infeed ends at the same point as with vertical depth
infeed motions;the starting pointin the plane is calculated accordingly. The roughing operation begins in the plane once
the current depthis reached. The feedrate is programmed under FFD.
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Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000

"No tool compensation active"is output.

If incorrectvalues are assigned to the parameters thatdetermine the arrangementand size of the slots and thus cause
mutual contour violation ofthe slots, the cycle is not started. The cycle is aborted and the error message 61104 "Contour

violation of slots/elongated holes" is output.

During the cycle, the workpiece coordinate system is rotated and offset. The valuesin the workpiece coordinate system
displayed on the actual value display are such that the longitudinal axis ofthe slot that has just been machined

corresponds to the first axis of the currentmachining plane.

After the cycle has been completed, the workpiece coordinate system isin the same position again as it was before the

cycle was called.

Contour violation

Programming example: Grooves

Four slots are milled.

The slots have the following dimensions: Length 30 mm, width 15 mm and depth 23 mm. The safety clearanceis 1 mm, the
final machining allowance is 0.5 mm, the milling direction is G2, and the maximum infeed in the depth is 6 mm.

The slotis to be machined completely. Infeed during finishing is to be performed directly to the pocket depth and the same

feedrate and speed are to be used.

See the following programming example for grooves:

z
zA o° |<—A A-B |

N10 G17 G90 T1 D1 S600 M3
N20 GO X20 Y50 z5

N30 sLoOT1(5, O, 1, -23, , 4, 30, 15, 40, 45, 20, 45,
100, 320, 6, 2, 0.5, 0, , 0, )

N40 MO2
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; Cycle call, VARI, MIDF, FFP2 and SSF
parameters omitted

; End of program

215



12.6.8 Circumferential slot- SLOT2

Programming

SLOT2 (RTP, RFP, SDIS, DP, DPR, NUM, AFSL, WID, CPA, CPO, RAD, STA1, INDA, FFD, FFP1, MID, CDIR, FAL, VAR,
MIDF, FFP2, SSF, FFCP)

Parameters
Parameter | Data type Description
RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Slot depth (absolute)
DPR REAL Slot depth relative to the reference plane (enter without sign)
NUM INT Number ofslots
AFSL REAL Angle for the slot length (enter without sign)
wID REAL Circumferential slotwidth (enter without sign)
CPA REAL Center point of circle (absolute), first axis of the plane
CPO REAL Center point of circle (absolute), second axis of the plane
RAD REAL Radius of the circle (enter without sign)
STA1 REAL Starting angle
INDA REAL Incrementing angle
FFD REAL Feedrate for depth infeed
FFP1 REAL Feedrate for surface machining
MID REAL Maximum infeed depth for one infeed (enter without sign)
CDIR INT Milling direction for machining the circumferential slot
Values: 2 (for G2), 3 (for G3)
FAL REAL Finishing allowance atthe slot edge (enter without sign)
VARI INT Machining type
Values: 0 = complete machining, 1 = roughing, 2 = finishing
MIDF REAL Maximum infeed depth for finishing
FFP2 REAL Feedrate for finishing
SSF REAL Speed for finishing
FFCP REAL Feedrate for intermediate positioning on a circular path, in mm/min
Note

The cycle requires a milling cutter with an "end tooth cutting across center" (DIN844).
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Function
The cycle SLOT2 is a combined roughing-finishing cycle.

Use this cycle to machine circumferential slots arranged on a circle.

Sequence
Position reached prior to cycle start:

The starting position can be any position from which each of the slots can be approached withoutcollision.

The cycle creates the following sequence of motions:
® GO0 is used to approach the position specified in the diagram below atcycle start.
® The steps when machining a circumferential slotare the same as when machining an elongated hole.

e After a circumferential slotis machined completely, the tool is retracted to the retraction plane and the next slot is
machined with GO.

e After the last slot has been machined, the tool is moved with GO to the end position in the machining plane, which is
specified in the diagram below, and the cycle is ended.
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Explanation of the parameters
For an explanation ofthe parameters RTP, RFP, and SDIS, see Section 'Drilling, centering- CYCLE81/(Page 157)".

For an explanation ofthe parameters DP, DPR, FFD, FFP1, MID, CDIR, FAL, VARI, MIDF, FFP2, and SSF, see Section
'Slots on a circle - SLOT1|(Page 211)".
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NUM (number)
Use the parameter NUM to specify the number of slots.
AFSL and WID (angle and circumferential slot width)

Use the parameters AFSL and WID to define the form of a slotin the plane. The cycle checks whether the slot width is
violated with the active tool. Otherwise, alarm 61105 "Cutter radius too large" will be activated and the cycle aborted.

CPA, CPO and RAD (center point and radius)

You define the position of the circle in the machining plane by the center point (CPA, CPO) and the radius (RAD). Only
positive values are permitted for the radius.

FFCP

Use the parameter FFCP to program a special feedrate for intermediate positioning on circular path.
STA1 and INDA (starting and incremental angle)

The arrangementofthe circumferential slots on the circle is defined by these parameters.

STA1 defines the angle between the positive direction of the first axis (abscissa) of the workpiece coordinate system active
before the cycle was called and the first slot.

The INDA parameter contains the angle from one circumferential slotto the next.

If INDA=0, the incremental angle is calculated from the number of circumferential slots so that they are arranged equally
around the circle.

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.

If incorrectvalues are assigned to the parameters thatdetermine the arrangementand size of the slots and thus cause
mutual contour violation ofthe slots, the cycle is not started.

The cycle is aborted and the error message 61104 "Contour violation of slots/elongated holes" is output.

During the cycle, the workpiece coordinate system is rotated and offset. The actual value displayin the workpiece coordinate
system is always shown such that the circumferential slotcurrently being machined starts on the first axis of the current
processing level and the zero pointof the workpiece coordinate system isin the center of the circle.

After the cycle has been completed, the workpiece coordinate system isin the same position again as it was before the
cycle was called.

Programming and Operating Manual (Milling)
218 6FC5398-4DP10-0BA6, 09/2017



Contour violation

[\

Programming example 1

Use this program to machine three circumferential slots arranged ata circle with center point X60 Y60 and radius42 mm in
the XY plane. The circumferential slots have the following dimensions: width 15 mm, angle for slot length 70 degrees, depth
23 mm.The initialangle is 0 degree, and the incremental angle is 120 degrees. The slot contours are machined to a final
machining allowance of 0.5 mm, the safety clearance in infeed axis Z is 2 mm, and the maximum depth infeedis6 mm.The
slots are to be completely machined. Speed and feedrate are to be the same when finishing. The infeed when finishing is to
be performed to slot depth.

See the following programming example for circumferential slot:

v AY
A-B
N 70
N
1200,
y \,
I
L/
//‘l/
I<—B N g
% T
—-| 23
N10 G17 G90 T1 D1 S600 M3 ; Specification of technology values
N20 GO X60 Y60 Z5 ; Approach starting position
N30 snor2(2, 0, 2, -23, , 3, 70, 15, 60, 60, 42, , 120, ; Cycle call
100, 300, 6, 2, 0.5, 0, , 0, ) Reference plane+SDIS=retraction plane
means: Lowering in the infeed axis with
GO to reference plane+SDIS no longer
applicable, parameters VAR, MIDF, FFP2
and SSF omitted
N40 MO2 ; End of program
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Programming example 2

Proceed through the following steps:

1. Select the desired operating area.
PROGRAM
2. Open the vertical softkey bar for available milling cycles.
2V Mill
3. Press this softkey from the vertical softkey bar.
Slots
. 4. Press this softkey to open the window for SLOT2. Parameterize the cycle as desired.
Circumf.
slots
RO 08:22:46
@ 2015/ 05/05
NC:\MPF\1.MPF
Retract plane, ahsolute
RTP 50. 00000 I
2 RFP 9.00000 7
SDIS 2.00000 =
DP -5.00000
DPR 2.00000
RTP—| /] NUM 3
AFSL 30.00000
REP. i e TL DS L 5.00000
MD] f cPA 30.00000
Y CPO 70.00000
DP RAD 20.00000
STA1 165. 06000
INDR 90.00000
FFD 30006000
FFP1 300.06000
MID 3.00000 x
CDIR 3 0 | Cancel
FAL ©.20000
- v
WL
v 5. Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor.
OK
NC:AMPF\1.MPF 2

5L0T2( 50, B, 2, -5, 2, 3, 38, 6, 3@, 70, 20, 165, 96, 300, 300, 3,
3, 8.2, 8, ,8, )1

[

==eof==
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12.6.9

Programming

Milling a rectangular pocket- POCKET3

POCKET3 (_RTP, _RFP, _SDIS, _DP, _LENG, _WID, _CRAD, _PA, _PO, _STA, _MID, _FAL, _FALD, _FFP1, _FFD, _CDIR,
_VARI, _MIDA, _AP1, _AP2, _AD,_RAD1, _DP1)

Parameters
Parameter | Data type Description
_RTP REAL Retraction plane (absolute)
_RFP REAL Reference plane (absolute)
_SDIS REAL Safety clearance (enter without sign)
_DP REAL Pocket depth (absolute)
_LENG REAL Pocket length, for dimensioning from the corner with sign
_WID REAL Pocket width, for dimensioning from the corner with sign
_CRAD REAL Pocket cornerradius (enter without sign)
_PA REAL Reference pointfor the pocket (absolute), first axis of the plane
_PO REAL Reference pointfor the pocket (absolute), second axis of the plane
_STA REAL Angle between the pocket longitudinal axis and the first axis of the plane (enter withoutsign);
Range of values: 0° < STA < 180°
_MID REAL Maximum infeed depth (enter without sign)
_FAL REAL Finishing allowance atthe pocket edge (enter withoutsign)
_FALD REAL Finishing allowance atthe base (enter withoutsign)
_FFP1 REAL Feedrate for surface machining
_FFD REAL Feedrate for depth infeed
_CDIR INT Milling direction: (enter withoutsign)
Values:
0: Down-cutmilling (in the spindle direction)
1: Conventional milling
2: With G2 (independentofspindle direction)
3: With G3
_VARI INT Machining type
UNITS DIGIT
Values:
1: roughing, 2: finishing
TENS DIGIT:
Values:

0: Perpendicular to the pocket center with GO
1: Perpendicularto the pocket center with G1

2: Along a helix

3: Oscillation along the pocket longitudinal axis

The other parameters can be selected as options. They define the insertion strategy and the overlap for solid machining (o
be entered withoutsign):

_MIDA REAL Maximum infeed width as a value in solid machining in the plane

_AP1 REAL Blank dimension of pocketlength

_AP2 REAL Blank dimension of pocketwidth

_AD REAL Blank pocket depth dimension from reference plane

_RAD1 REAL Radius of the helical path on insertion (relative to the tool center point path) or maximum
insertion angle for reciprocating motion

_DP1 REAL Insertion depth per 360° revolution oninsertion along helical path
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Function

The cycle can be used for roughing and finishing. For finishing, a face cutter is required.

The depth infeed will always start at the pocketcenter pointand be performed vertically from there; thus it is practical to
predrill at this position.

The milling direction can be determined either by usinga G command (G2/G3) or from the spindle direction as
synchronous or up-cut milling.

For solid machining, the maximum infeed width in the plane can be programmed.
Finishing allowance also for the pocket base

There are three different insertion strategies:

— vertically to the pocket center

— alonga helical path around the pocketcenter

— oscillating atthe pocket central axis

Shorter approach paths in the plane for finishing

Consideration ofa blank contourin the plane and a blank dimension atthe base (optimum machining of preformed
pockets possible).

Sequence

Position reached prior to cycle start:

Starting positionis any position from which the pocket center pointcan be approached at the heightof the retraction plane

withoutcollision.

Sequence of motions when roughing:

With GO, the pocket center point is approached atthe retraction level, and then, from this position, with GO, too, the
reference plane broughtforward by the safety clearance is approached. The machining ofthe pocketis then carried out
according to the selected insertion strategy, takinginto accountthe programmed blank dimensions.
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Sequence of motions when finishing:

Finishing is performed in the order from the edge until the finishing allowance on the base is reached, and then the base is
finished. If one of the finishing allowances is equal to zero, this part of the finishing process is skipped.

Finishing on the edge
While finishing on the edge, the tool traverses around the pocket contour only once.

For finishing on the edge, the path includes one quadrantreaching the cornerradius. The radius of this pathis normally 2
mm or, if "less space" is provided, equals to the difference between the corner radius and the mill radius.

If the final machining allowance on the edge is largerthan 2 mm, the approach radius is increased accordingly.

The depth infeed is performed with GO in the open towards the pocketcenter, and the starting pointof the approach path
is also reached with GO.

Finishing on the base

During finishing on the base, the machine performs GO towards the pocketcenter until reaching a distance equal to
pocket depth + finishing allowance + safety clearance. From this point onwards, the tool is always fed in vertically atthe
depth (since a tool with a front cutting edge is used for base finishing).

The base surface of the pocket is machined once.

Insertion strategies

Inserting vertically to the pocket center means that the current infeed depth calculated internally in the cycle (£ maximum
infeed depth programmed under _MID) is executed in a block containing GO or G1.

Insertion at a helical path means that the cutter center pointtraverses along the helical path determined by the radius
_RAD1 and the depth per revolution _DP1. The feedrate is also programmed under _FFD. The direction of rotation of this
helical path corresponds to the direction of rotation with which the pocket will be machined.

The insertion depth programmed under _DP1 istaken into accountas the maximum depth and is always calculated as
an integer number of revolutions of the helical path.

If the current depth required for an infeed (this can be several revolutions on the helical path) is reached, a full circle is
still executed to eliminate the inclined path of insertion.

Pocket solid machining then starts in this plane and continues until it reaches the final machining allowance.

The starting pointof the described helical path is at the longitudinal axis ofthe pocket in "plus direction"and is
approached with G1.

Insertion with oscillation to the central axis of the pocket means thatthe cutter center pointis inserted oscillatingon a
straight line until it reaches the next currentdepth. The maximumimmersion angle is programmed under _RAD1, and the
length of the oscillation travel is calculated in the cycle. If the current depth is reached, the travel is executed once more
withoutdepth infeed in order to eliminate the inclined insertion path. The feedrate is programmed under _FFD.

Taking into account the blank dimensions

During solid machining ofthe pockets, it is possible to take into accountblank dimensions (e.g. when machining precast

parts).
AY
AP1 blank dimension of
pocket length
-
@) >
AP2 blank dimension
Pocket width
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The basic sizes for the length and width (_AP1 and _AP2) are programmed withoutsign and their symmetrical positions
around the pocketcenter point are computed in the cycle. You define the part of the pocket whichis no longerto be
machined by solid machining. The blank dimension for the depth (_AD) is also programmed withoutsign and taken into
accountby the reference plane in the direction of the pocket depth.

The depthinfeed (including blank dimensions) is carried outaccording to the programmed type (helical path, reciprocating,
vertically). If the cycle detects that there is space enough in the pocketcenter because of the given blank contour and the
radius of the active tool, the infeed is carried out vertically to the pocketcenter pointas long as itis possible in order not to
traverse extensive insertion pathsin the open.

Solid machining ofthe pocket is carried out starting from the top downwards.

Explanation of the parameters
For an explanation ofthe parameters _RTP, _RFP, and _SDIS, see Section 'Drilling, centering- CYCLE81|(Page 157)".

For an explanation ofthe _DP parameter, see Section 'Long holeslocated on a circle - LONGHOLE|(Page 207)".

Pocket dimensioned from the center point

PA

PO

©
=Y

_LENG, _WID and _CRAD (pocket length, pocket width and corner radius)
Use the parameters _LENG,_WID and _CRAD to define the form of a pocketin the plane.

If you cannottraverse the programmed cornerradius with the active tool since its radius is larger, then the cornerradius of
the machine pocketcorresponds to the tool radius.

If the milling tool radius is larger than half of the length or width of the pocket, then the cycle will be aborted and alarm 61105

"Cutter radius too large" is output.
PA, _PO (reference point)

Use the parameters _PAand _PO to define the reference pointof the pocketin the axes of the plane. This is the pocket
center point.

_STA (angle)
_STA indicates the angle between the first axis of the plane (abscissa) and the longitudinal axis ofthe pocket.
MID (infeed depth)

Use this parameter to define the maximum infeed depth when roughing.

The depth infeed is performed by the cycle in equally-sized infeed steps.

By using _MID and the entire depth, the cycle calculates this infeed automatically. The minimum possible number ofinfeed
steps is used as the basis.

_MID=0 means that the cut to pocket depth is made with one feed.
_FAL (finishing allowance at edge)

The finishing allowance only affects the machining ofthe pocketin the plane on the edge.
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If the final machining allowance = tool diameter, the pocketwill not necessarily be machined completely. The message
"Caution:final machining allowance =tool diameter" appears;the cycle, however, is continued.

_FALD (finishing allowance at the base)

When roughing, a separate finishing allowance is taken into accountat the base.

_FFD and _FFP1 (feedrate for depth and surface)

The feedrate _FFD is effective when inserting into the material.

The feedrate _FFP1 is active for all movements in the plane traversed at feedrate when machining.
_CDIR (milling direction)

Use this parameter to specify the machining direction for the pocket.

Using the parameter _CDIR, the milling direction can be programmed directly with "2 for G2" and "3 for G3", or alternatively
with "synchronous milling" or "conventional milling".

Synchronized operation orreverse rotation are determined internally in the cycle via the direction of rotation of the spindle
activated prior to calling the cycle.

Down-cut milling Up-cut milling
M3 - G3 M3 - G2
M4 - G2 M4 - G3

_VARI (machining type)

Use the parameter VARIto define the machining type.
Possible values are:

Units digit:

e 1=roughing

e 2=finishing

Tens digit(infeed):

e (=vertically to pocket center with GO
e 1=vertically to pocket center with G1
e 2=alongahelical path

e 3=oscillating to pocket length axis

If a different value is programmed for the parameter _VARI, the cycle is aborted after output of alarm 61002 "Machining type
defined incorrectly".

_MIDA (max. infeed width)

Use this parameterto define the maximum infeed width when solid machining in a plane. Analogously to the known
calculation method for the infeed depth (equal distribution of the total depth with maximum possible value) the width is
distributed equally, maximally with the value programmed under _MIDA.

If this parameteris not programmed or has value 0, the cycle willinternally use 80% of the milling tool diameteras the
maximum infeed width.

Note

Appliesif the calculated width infeed from edge machining is recalculated when reaching the full pocketin the depth;
otherwise the width infeed calculated at the beginningis keptfor the whole cycle.

_AP1,_AP2, _AD (blank dimensions)

Use the parameters _AP1,_AP2 and _AD to define the blank dimensions (incremental) ofthe pocket in the plane and in the
depth.

_RAD1 (radius)

Use the _RAD1 parameterto define the radius of the helical path (relative to the tool center pointpath) or the maximum
insertion angle for the reciprocating motion.

DP1 (insertion depth)
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Use the parameter _DP1 to define the infeed depth when inserting to the helical path.

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.

Internally in the cycle, a new current workpiece coordinate system is used which influences the actual value display. The
zero pointof this coordinate system is to be found in the pocket center point. At the end of the cycle, the original coordinate
system is active again.

Programming example: Pocket

Use this program to machine a pocketin the XY plane whichis 60 mm inlength,40 mm in width, and which has a corner
radiusof 8 mm andis 17.5 mm in depth. The pockethas an angle of 0 degrees to the X axis. The final machining allowance
of the pocket edgesis 0.75 mm, 0.2 mm atthe base, the safety clearance in the Z axis, which is added to the reference
plane,is 0.5 mm. The center point of the pocket lies at X60 and Y40, the maximum depth infeedis4 mm.

The machining direction results from the direction of rotation of the spindle in the case of down-cutmilling. Amilling cutter
with 5 mm radiusis used.

Merely a rough machining operationis to be carried out.

See the following programming example for rectangular pocket:

LY AY
A-B

= Va

X JZ

—{17.5
N10 G90 T1 D1 S600 M4 ; Specification of technology values
N20 G17 GO X60 Y40 z5 ; Approach starting position
N30 POCKET3 (5, 0, 0.5, -17.5, 60, 40, 8, 60, 40, 0, 4, ; Cycle call
0.75, 0.2, 1000, 750, O, 11, 5, , , , , )
N40 MO2 ; End of program

12.6.10 Milling a circular pocket- POCKET4

Programming

POCKET4 (_RTP, _RFP, _SDIS, _DP, _PRAD, _PA, _PO, _MID, _FAL, _FALD, _FFP1, _FFD, _CDIR, _VARI, _MIDA, _AP1,
_AD, _RAD1, _DP1)

Parameters

Parameter | Datatype Description

_RTP REAL Retraction plane (absolute)

_RFP REAL Reference plane (absolute)

_SDIS REAL Safety clearance (to be added to the reference plane;enter withoutsign)
_DP REAL Pocket depth (absolute)

_PRAD REAL Pocket radius

_PA REAL Pocket center point, abscissa
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Parameter | Datatype Description

_PO REAL Pocket center point, ordinate
_MID REAL Maximum infeed depth (enter without sign)
_FAL REAL Finishing allowance atthe pocket edge (enter withoutsign)
_FALD REAL Finishing allowance atthe base (enter withoutsign)
_FFP1 REAL Feedrate for surface machining
_FFD REAL Feedrate for depth infeed
_CDIR INT Milling direction: (enter withoutsign)
Values:

0: Down-cutmilling (in the spindle direction)
1: Conventional milling

2: With G2 (independentofspindle direction)
3: With G3

VARI INT Machining type

UNITS DIGIT

Values:

1: roughing, 2: finishing

TENS DIGIT:

Values:

0: Perpendicularto the pocket center with GO
1: Perpendicular to the pocket center with G1
2: Along a helix

The other parameters can be selected as options. They define the insertion strategy and the overlap for solid machining (to
be entered withoutsign):

_MIDA REAL Maximum infeed width as a value in solid machining in the plane

_AP1 REAL Pocket radius blank dimension

_AD REAL Blank pocket depth dimension from reference plane

_RAD1 REAL Radius of the helical path during insertion (relative to the tool center point path)
_DP1 REAL Insertion depth per360° revolution on insertion along helical path

Function

Use this cycle to machine circular pockets in the machining plane. Forfinishing, a face cutter is required.

The depthinfeed always starts at the pocketcenter pointand be performed vertically from there; thus it is practical to predrill
at this position.

The milling direction can be determined eitherusing a G command (G2/G3) or from the spindle direction as synchronous
or up-cut milling.

For solid machining, the maximum infeed width in the plane can be programmed.
Finishing allowance also for the pocket base.

Two different insertion strategies:

— vertically to the pocket center

— along a helical path around the pocketcenter

Shorter approach pathsin the plane for finishing

Consideration ofa blank contourin the plane and a blank dimension atthe base (optimum machining of preformed
pockets possible).

_MIDA is recalculated during edge machining.
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Sequence
Position reached prior to cycle start:

Starting position is any position from which the pocket center pointcan be approached at the height of the retraction plane
without collision.

Motion sequence when roughing (_VARI=X1):

With GO, the pocket centerpointis approached atthe retraction level, and then, from this position, with GO, too, the
reference plane broughtforward by the safety clearance is approached. The machining ofthe pocketis then carried out
according to the selected insertion strategy, takinginto accountthe programmed blank dimensions.

Sequence of motions when finishing:

Finishing is performed in the order from the edge until the finishing allowance on the base is reached, and then the base is
finished. If one of the finishing allowances is equal to zero, this part of the finishing processis skipped.
® Finishingonthe edge

While finishing on the edge, the tool traverses around the pocket contour only once.

For finishing on the edge, the path includes one quadrantreaching the pocketradius. The radius of this path is 2 mm as
the maximum or, if "less space" is provided, equals to the difference between the pocket radius and the milling radius.

The depthinfeed is performed with GO in the open towards the pocketcenter, and the starting pointof the approach path
is also reached with GO.

® Finishingonthe base

During finishing on the base, the machine performs GO towards the pocketcenter until reaching a distance equal to
pocket depth + finishing allowance + safety clearance. From this point onwards, the tool is always fed in vertically atthe
depth (since a tool with a front cutting edge is used for base finishing).

The base surface of the pocket is machined once.

Insertion strategies

For more information, see Section 'Milling a rectangular pocket- POCKET3|(Page 221)".

Taking into account the blank dimensions

During solid machining ofthe pockets, it is possible to take into accountblank dimensions (e.g. when machining precast
parts).

With circular pockets, the blank dimension _AP1 is also a circle (with a smallerradius than the pocketradius).

Explanation of the parameters
For an explanation ofthe parameters _RTP, _RFP, and _SDIS, see Section 'Drilling, centering- CYCLE81 (Page 157)".

For an explanation ofthe parameters_DP, _MID, _FAL, _FALD, _FFP1, _FFD, _CDIR, _MIDA, _AP1, _AD, _RAD1,and
_DP1, see Section Milling a rectangular pocket- POCKET3|(Page 221)".
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_PRAD (pocket radius)
The form of the circular pocketis determined solely by its radius.

If this is smallerthan the tool radius of the active tool, then the cycle is aborted and alarm 61105 "Cutter radius too large"is
output.

_PA, _PO (pocket center point)

Use the parameters _PAand _PO to define the pocketcenter point. Circular pockets are always dimensioned across the
center.

_VARI (machining type)

Use the parameter _VARIto define the machining type.
Possible values are:

Units digit:

® 1=roughing

e 2=finishing

Tens digit(infeed):

e (=vertically to pocket center with GO

e 1=vertically to pocket centerwith G1

e 2=alongahelical path

If a different value is programmed for the parameter _VARI, the cycle is aborted after output of alarm 61002 "Machining type
defined incorrectly".

Note

A tool compensation mustbe programmed before the cycle is called. Otherwise, the cycle is aborted and alarm 61000 "No
tool compensation active"is output.

Internally in the cycle, a new current workpiece coordinate system is used which influences the actual value display. The
zero pointof this coordinate system is to be found in the pocket center point.

At the end of the cycle, the original coordinate system is active again.

Programming example: Circular pocket

With this program, you can machine a circular pocket in the YZ plane. The center pointis determined by Y50 Z50. The
infeed axis for the depthinfeed is the X axis. Neitherfinishing dimension nor safety clearance is specified. The pocket is
machined with down-cutmilling. Infeed is performed along a helical path.

A milling cutterwith 10 mm radiusis used. See the following programming example for circular pocket:

ZA AZ
A-B
- ia
Y X
— 20
N10 G17 G90 GO S650 M3 T1 D1 ; Specification of technology values
N20 X50 Y50 ; Approach starting position
N30 POCKET4 (3, O, O, -20, 25, 50, 60, 6, O, 0, 200, 100, 1, ; Cycle call
21, 0, 0, 0, 2, 3) Parameters FAL and FALD are omitted
N40 MO2 ; End of program
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12.6.11 Thread milling- CYCLE90

Programming
CYCLE90 (RTP, RFP, SDIS, DP, DPR, DIATH, KDIAM, PIT, FFR, CDIR, TYPTH, CPA, CPO)

Parameters
Parameter | Datatype Description
RTP REAL Retraction plane (absolute)
RFP REAL Reference plane (absolute)
SDIS REAL Safety clearance (enter without sign)
DP REAL Final drilling depth (absolute)
DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DIATH REAL Nominal diameter, outer diameter ofthe thread
KDIAM REAL Core diameter, internal diameter ofthe thread
PST REAL Thread pitch; value range: 0.001 ... 2000.000 mm
FFR REAL Feedrate for thread milling (enter without sign)
CDIR INT Direction of rotation for thread milling
Values: 2 (for thread milling with G2), 3 (for thread milling with G3)
TYPTH INT Thread type
Values: O=internal thread, 1=external thread
CPA REAL Center point of circle, abscissa (absolute)
CPO REAL Center point of circle, ordinate (absolute)
Function

By using the cycle CYCLE90, you can produce internal or external threads. The path when milling threadsisbasedona
helixinterpolation. All three geometry axes of the current plane, which you define before calling the cycle, are involved in this
motion.

Sequence for external thread
Position reached prior to cycle start:

The starting position is any position from which the starting position at the outside diameter of the thread at the heightof the
retraction plane can be reached without collision.
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This start position for thread milling with G2 lies between the positive abscissa and the positive ordinate in the currentlevel
(i.e. in the first quadrantof the coordinate system). For thread milling with G3, the start position lies between the positive
abscissa and the negative ordinate (hamely in the fourth quadrantof the coordinate system).

The distance from the thread diameter depends on the size of the thread and the tool radius used.

Az

Position of the starting I Position of the starting

point when milling threads  point when milling
with G3 threads with G2

The cycle creates the following sequence of motions:

e Positioning on the starting point using GO at the heightof the retraction plane in the applicate of the currentplane

® |nfeed to the reference plane broughtforward by the safety clearance for swarf removal, using GO

® Approach motion to the thread diameteralong a circle path opposite to the direction G2/G3 programmed under CDIR
® Thread milling along a helix path using G2/G3 and the feedrate value FFR

e Retraction motion along a circle path in the opposite direction of rotation G2/G3 at the reduced feedrate FFR

® Retraction to the retraction plane along the applicate using GO

Sequence for internal thread
Position reached prior to cycle start:

The starting position is any position from which the center pointof the thread at the height of the retraction plane can be
reached withoutcollision.

The cycle creates the following sequence of motions:

® Positioning on the center point using GO at the heightof the retraction plane in the applicate of the currentplane

® Infeed to the reference plane broughtforward by the safety clearance for swarf removal, using GO

e Approachto an approach circle calculated internally in the cycle using G1 and the reduced feedrate FFR

® Approach motionto the thread diameteralong a circle path according to the direction G2/G3 programmed under CDIR
e Thread milling along a helix path using G2/G3 and the feedrate value FFR

e Retraction motion along a circle path in the same direction of rotation at the reduced feedrate FFR

e Retraction to the center point of the thread using GO

e Retraction to the retraction plane along the applicate using GO

Thread from bottom to top

For technological reasons, itcan also be reasonable to machine a thread from bottom to top. In this case, the retraction
plane RTP will be behind the thread depth DP.

This machining is possible, butthe depth specifications mustbe programmed as absolute values and the retraction plane
mustbe approached before calling the cycle or a position after the retraction plane mustbe approached.
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Programming example (thread from bottom to top)

A thread with a pitch of 3 mm is to start from -20 and to be milled to 0. The retraction planeis at 8.

N10 G17 X100 Y100 s300 M3 T1 D1 F1000

N20 78

N30 cycLeso (8, -20, 0, -60, O, 46, 40, 3, 800, 3, 0, 50,
50)

N40 M2

The hole musthave a depth of atleast-21.5 (half pitch in excess).

Overshooting in the direction of the thread length

For thread milling, the travel-in and travel-outmovements occur along all three axes concerned. This means thatthe travel-
out movementincludes a further step in the vertical axis, beyond the programmed thread depth.

The overshootis calculated as follows:

. 2" WR+RDIFF

_P
Az=% DIATH

Az: Overshoot, internal

p: Pitch

WR: Toolradius

DIATH: External diameter ofthe thread
RDIFF: Radius difference for travel-out circle

For internal threads, RDIFF = DIATH/2 - WR; for external threads, RDIFF = DIATH/2 + WR.

Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section |'Drilling, centering- CYCLE81
(Page 157) ".
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DIATH, KDIAM, and PIT (nominal diameter, core diameter, and thread pitch)

These parameters are used to determine the thread data nominal diameter, core diameter, and pitch. The parameter DIATH
is the external,and KDIAM is the internal diameter ofthe thread. The travel-in/travel-outmovements are created internally in
the cycle, based on these parameters.

FFR (feedrate)
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The value of the parameter FFR is specified as the current feedrate value for thread milling. Itis effective when thread
milling on a helical path.

This value will be reduced in the cycle for the travel-in/travel-outmovements. The retraction is performed outside the helix
path using GO.

CDIR (direction of rotation)

This parameteris used to specify the value for the machining direction ofthe thread.

If the parameter has anillegal value, the following message will appear:

"Wrong milling direction; G3 is generated".

In this case, the cycle is continued and G3 is automatically generated.

TYPTH (thread type)

The parameter TYPTH is used to define whether you want to machine an external or aninternal thread.
CPA and CPO (center point)

These parameters are used to define the center pointof the drill hole or of the spigoton which the thread will be produced.

Note

The cutter radius is calculated internally in the cycle. Therefore, a tool compensation mustbe programmed before calling the
cycle. Otherwise, the alarm 61000 "No tool compensation active" appears and the cycle is aborted.

If the tool radius=0 or negative, the cycle is also aborted and this alarm isissued.

With internal threads, the tool radius is monitored and alarm 61105 "Cutterradius too large"is output, and the cycle is
aborted.

Programming example: Internal thread
By using this program, you can mill aninternal thread at point X60 Y50 of the G17 plane.

See the following programming example for internal thread:

YA AY

D
=
NY

DEF REAL RTP=48, RFP=40, SDIS=5, DP=0, DPR=40, DIATH=60, ; Definition of the variable with value
KDIAM=50 assignments

DEF REAL PIT=2, FFR=500, CPA=60,CPO=50

DEF INT CDIR=2, TYPTH=0

N10 G90 GO G17 X0 YO z80 S200 M3 ; Approach starting position

N20 T5 D1 ; Specification of technology values
N30 CYCLESO (RTP, RFP, SDIS, DP, DPR, DIATH, KDIAM, PIT, ; Cycle call

FFR, CDIR, TYPTH, CPA, CPO)

N40 GO G90 Z100 ; Approach position after cycle

N50 MO2 ; End of program
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12.6.12 Highspeedsettings- CYCLE832

Programming
CYCLE832(TOL, TOLM, 1)

Parameters

Parameter | Datatype Description

TOL REAL Tolerance of machining axes
TOLM INT Machining type selection

0: Deselect

1: Finishing

2: Semi-finishing
3: Roughing

PSYS INT Internal parameter, only the default value 1 is possible

Function

Use CYCLEB832 to machine free-form surfaces that involve high requirements for velocity, precision and surface quality.
This cycle function groups together the important G codes, machine data and setting data that are required for high-speed
cutting machining.

Explanation of the parameters

TOL (Tolerance)

This refers to the tolerance of axes involved in machining. The tolerance value is written to the relevantmachine or setting
data depending on the G codes.

TOLM (Machining types)

This parameter determines which technological machining type isto be used.

12.7 Error messages and error handling

12.7 1 General Information
If error conditions are detected in the cycles, an alarm is generated and the execution of the cycle is aborted.

Furthermore, the cycles display their messages in the message line ofthe control system. These messages do not interrupt
the program execution.

The errors with their reactions and the messages in the message line of the control system are described in conjunction with
the individual cycles.

12.7.2 Error handling in the cycles

If error conditions are detected in the cycles, an alarm is generated and the machining is aborted.

Alarms with numbers between 61000 and 62999 generated in the cycles. This range of numbers, inturn, is divided again
with regard to alarm responses and cancel criteria.
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The error text that is displayed together with the alarm number gives you more detailed information on the error cause.

Alarm number

Clearing criterion

Alarm response

61000 ... 61999

NC_RESET

Block preparationinthe NC is aborted

62000 ... 62999

Clearkey

The block preparation is interrupted;
the cycle can be continued with the
following key after the alarm has been
cleared:

12.7.3

Overview of cycle alarms

The error numbers are classified as follows:

s |

| x

® X=0 General cycle alarms

e X=1 Alarms generated by the drilling, drilling pattern and milling cycles

12.7.4

Messagesin the cycles

The cycles display theirmessagesin the message line ofthe control system. These messages do not interruptthe program

execution.

Messages provide information with regard to a certain behavior of the cycles and with regard to the progress of machining
and are usually kept beyond a machining step or until the end of the cycle. An example of messagesis as follows:

"Depth: according to the value for the relative depth” from all drilling cycles.

13 Machining typical milling parts

131 Operations before programming

Operating sequence

Turn on the power supply for the machine tool. Proceed with the operations for the refer-
ence point approach, if the machine axis is equipped with anincremental encoder (see
Chapter 'Switching on and referencing (Page 20)").

Create the required tools (see Section 'Creating a tool|(Page 21)").
Activate the tools and the spindle (see Section 'Activating the tool and the spindle

(Page 23)").

Proceed with the handwheel assignmentoperations ifthe machine manufacturer has not
assigned the handwheel for the control system (see Chapter 'Assigning the handwheel

(Page 24)").

Proceed with the tool setting operations to finish measuring all the tools (see Section

'Measuring the tool manually (Page 27)").

Verify the tool offset result to guarantee the safety and correctness of machining (see Sec-

tion 'Verifying the tool offset result (Page 28)").
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132 Programming (Example 1)

Machining requirements

Workpiece drawing (unit: mm)
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Technical requirements

® The arc transition mustbe smooth, without lapping.

® The cutting trace mustbe even.

® The sharp edges must be rounded.

Blank data

Blank material: Cube aluminum

Blanklength: 100 mm

Blank width: 80 mm

Blank height: 60 mm (machining length: 46 mm; clamping length: 10 mm)

Required tool

Tool type Tool number Tool diameter | Roughing Finishing

DIN ISO (mm) Speed Feedrate Speed Feedrate
Face milling tool T1D1 T1H1 50 1500 600 2500 600
End milling tool T2D1 T2H2 4000 600 4500 600
Drilling tool T3D1 T3H3 5000 100 5000 100
Note

e When programmingin ISO mode, you need to set the H numbersofT1 to T3 as 1 to 3 respectively in the tool list;

e Cutthe workpiece manually after machiningis over.
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Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC) NG

New

v
0K

1.

Select the program managementoperating area.

Press this softkey to enterthe system directory for storing part programs.
Press this softkey and enterthe name ofthe new program.

Press this softkey to confirm yourentry. The part program editor window opens automatical-
ly.
NC:\MPF\1.MPF 1

|

=eof==

Renumber

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\1.MPF

G17 G9o G54 GE64 ROTY
T1 D1f

M6l

Go Z1ieef

51508 M3 Msf

I

==eof==

Open the window for CYCLE71 through the following softkey operations:
. Face
= LT milling

Programming and Operating Manual (Milling)

6FC5398-4DP10-0BAG, 09/2017

237



oK

=/ Edit

Mark
On

Copy

INPUT

238

10.

11.

12.

13.

14.

15.

16.

17.

Enter the desired parameters as follows:

CYCLE71 Overfl. path in plane infeed direction, inc.

RTP 2500000
! —E e TREP 1.00060
_SDIS 2.60060
- 5 DR 8. 60000
- _PA -25.00000
Ly PO -25.00608
) o LENG 58.90000
o WD 5800060
PO_ 1 _5TA B.00000
* “MID 1.00000
‘ _MiDA 25.00060
| FDP 8. 60060
FOP' PR X _FALD 0.20000
FFP1 60808600

_UARI 31 0
FDP1 25.00000

Press this softkey to confirm yourinput and open the cycle programming window.
Enter the following program block:

S2500

Press this softkey to return to the program editor window.

Move the cursorto "C" in the line for CYCLE71 with the cursorkeys and press this softkey
to inserta marker.

Use the cursorkeys to selectthe entire program block for CYCLE71. Press this softkey to
copy the selection to the buffer memory.

Place the cursor on the end-of-block character after "S4500" with the cursor keys and press
this key to enter a new line.

Paste the content of the buffer memoryinto the new line.

Press this softkey to open the window for CYCLE71 again. Change the values of "FDP" and
"FALD" to "25" and "0" respectively.

Move the cursorto the inputfield of "VARI" and press this key to change the value to "12".

Press this softkey to acceptthe change.

Place the cursor on the end-of-block character of CYCLE71 the with cursor keys and press
this key on the MCP to enter a newline.

Continue to enter the following program blocks and press this key again:
G0 2100 M9

T2 D1

M6

S4000 M3 M8

G0 2100

_ANF:

Open the window for POCKET3 through the following softkey operations:

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017



d Mill Standard Rectang.
" - pockets - pocket

Enter the desired parameters as follows:

POCKET3 Pitch of helical insertion

] 19.00000
2 _CRAD 4.00000
_PA -13. 86000
_PO 16.00000
_GTA 0.60000
RTP— - _ _MD 1.50000
[la) _FAL 0.10000
RFP i iy 13015 Traip 0.10000
=L _FFP1 666 . 80000
_FFD 50. 86060
DP — (i bsreres FALD  _CDIR (8]
_UpRl 11 8]
_MiDA 2.50000
_AP1
_AP2
_AD
_RAD1 2.80000 d
_DP1 2.60000 A
v 18. Press this softkey to confirm yourinput and open the cycle programming window.
0K Enter the following program blocks:
AROT Z90
_END:
REPEAT _ANF _END P=3
ROT
S4500 M3
_ANF1:

19. Proceed through the steps described earlier to copy the entire program block for POCKET3
and paste itin the line after the above program blocks.

20. Press this softkey to open the window for POCKET3 again. Change the values of "MID",

- Re- "FFP1", "FFD" and "VARI" to "5", "400", "200" and "2" respectively.
27| pomp.
v 21. Press this softkey to acceptthe change and open the cycle programming window.
0K
22. Press this key to enter a new line.
_<’> Continue to enterthe following program blocks and then press this key again:
INPUT
AROT Z90
_END1:
REPEAT _ANF1 _END1 P=3
ROT
G0 Z100
23. Open the window for POCKET4 through the following softkey operations:
d Mill Standard Circular

- pockets - pocket
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INPUT

Modal
call
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24.

25.

26.

27.

28.

29.

30.

Enter the desired parameters as follows:

POCKET4 Pitch of helical insertion

_RFP 0.00000
2 _50IS 2.00000
_DP -5,00000
_PRAD 7.50000
P 0.800800
RTP—| - _PO 0.00600
AD _MID 1.50680
REP i 13015 e 6.10000
I‘_‘I_If%" = _FALD 0.10000
- _FFP1 60000000
DP At = FALD  _FFD 50.00000
CDR 2 o
VARl 1 (8
_MiDR 2.80000
_AP1
“AD
_RAD1 3.00000
_DP 1.08600 |

Press this softkey to confirm yourinput and open the cycle programming window.
Enter the following program block:
S4500 M3

Proceed through the steps described earlier to copy the entire program block for POCKET4
and paste itin the line after the above blocks.

Press this softkey to open the window for POCKET4 again. Change the values of "MID",
"FFP1", "FFD" and "VARI" to "5", "400", "200" and "2" respectively.

Press this softkey to acceptthe change and open the cycle programming window.

Press this key to enter a new line.

Continue to enter the following program blocks and then presss this key again:
G0 2100 M8

T3 D1

M6

S5000 M3 M8

GO0 X0 YO0

Open the window for CYCLE81 through the following softkey operations:

éDriII. _, Centering

Enter the desired parameters as follows:

CYCLES1 Final drilling depth relative to reference plane

RTP 50.00000
2 RFP 9.00000
8DIS 2.060000
op -5.00008
0.060000
= | | DPR
REP SDIS
DP

Press this softkey to call this cycle modally.
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v 31. Confirm yourinputand open the cycle programming window.
0K
32. Open the window for HOLES2 through the following softkey operations:
Hole Hole
pattern - circle
Enter the desired parameters as follows:
HOLES2 Number of holes
CPA 0.00000
¥ CPO @.00060
RAD 10.080000
. INDA STA1 9.00000
INDR 60.00000
STAT NUM B
GPO| )
RAD
GPA X
v 33. Press this softkey to confirm yourinput and open the cycle programming window.
0K Enter the following blocks:
MCALL
G0 Z100 M9
MO05
M30

Then you can proceed with the operations for 'program simulation and execution

(Page 278)".
Screenshots of the complete program

Screen 1:

NC:\MPF\1.MPF 1

£17 G9e G54 G64 ROT 1
T1D1Y 1
16 1 b
30 2100 1

51560 M3 Mg 1

JYCLE71( 25.00000, 1.00000, 2.00000, 0.00000, —25.00600, -25.00000
50.60000, 50.00000, 0.00600, 1.60008, 25.00000, 0.00600, 0.20000, 60
3.66000, 31, 25,00000) 1

32500 1

JYCLE71( 25.00000, 1.00060, 2.00000, 0.000080, -25.00600, -25.00600
50.60008, 50.00008, 0.0660Q, 1.60008, 25.00008, 25.60000, 0.00000, 6
30.00000, 12, 25.80000) 1

30 2100 M9 1

r2pi 1

16 1

54068 M3 M8 1

30 2100 1

ANF: 1
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Screen 2:

NC:\MPF\1.MPF 15

{0CKET3( 25.00000, ©.09000, 2.00000, -5.00000, 13,00000, 10.00008, 4 |

.00600, -13.60000, 16,00000, ,00000, 1,50000, ©,10060, ©,10000, 600
.00608, 50.00600, 2, 11, 2.50008, , , ,2.00000, 2.00000) |

IROT 290 1

FND: 1

IEPEAT _ANF _END P=3 1

W0T T

34500 M3 1

ANFL: 1

°0CKET3( 25.00000, 6.00000, 2.00000, -5.00000, 13.00000, 19.00000, 4

.80008, -13.00000, 16.00000, ©.00000, 5.00000, 0.10000, 0,10000, 400
.60000, 200.00000, 2, 2, 2.50000, , , ,2.00000, 2.00000) |

ROT 290 1

ENDL: T

EPEAT _ANF1 _END1 P=3 |

T T

30 2108 1

>0CKET4( 25.00000, B.00000, 2.00000, -5.00000, 7.50000, 0.00000, 0.0 |
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Operating sequence for programming in ISO mode

ﬁ SVS"’EA':\ 1. Select the system data operating area.
SHIFT | +| ALARM
2. Press this softkey and the system prompts the following window:
ISO mode
After the new configuration is applied,
an NCK/PLC/HMI restart will be triggered!
v 3. Press this softkey and control system automatically starts the mode change from Sie-
mens mode to ISO mode.
0] 4
4. Select the program managementoperating area.
PROGRAM
MANAGER
5. Press this softkey to enterthe system directory for storing part programs.
N e
6. Press this softkey and enterthe name ofthe new program.
New
v 7. Press this softkey to confirm yourentry. The part program editor window opens automati-
cally.
0K
NC:\MPF\1.MPF 1 Execute
==epf==

Renumber

Search

8. Enter the following main program:
G291
G17 G54 G90 G40 G69
T1
M6
GO0 Z100 G43 H1 M8
M3 S1500
X-60 Y25
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Z3

G120.2 F600
X50

Y-25

X-60

Y25

M3 §2500
G1Z0. F600
X50

Y-25

X-60

G0 Z100 M9
MO05

G69

T2

M6

M3 S4000

G0 Z100 G43 H2 M8
X-13Y16

SSA

G68 X0 YO R90
SSA

G68 X0 YO R180
SSA

G68 X0 Y0 R270
SSA

G69

G0 2100

X0YO

Z3

G12Z-2 F50

G1 G41 X7.5 Y0 F600
G31-7.5

G1 G40 X0 YO
G1Z-4 F50
G1G41 X7.5Y0 F600
G31I-7.5

G1 G40 X0 YO
G125 F50

G1 G41 X7.5Y0 F600
G31I-7.5

G1 G40 X0 YO0
G0 Z100 M9

T3

M6

M3 S5000

G0 2100 G43 H3
Z10
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244

10.

11.

G80

G81 X10Y0 Z-5 F100
X5Y8.66

X-5

X-10Y0

X-5Y-8.66

X5

G80 G0 2100

MO05

M30

Open the window for creating a new program through the following key operations:

PROGRAM New
MANAGER

—

Enter the name of the subprogram with the file name extension, "SSA.SPF" in this exam-

ple.

New G code program

Tupe: Main program MPF

Name: S5A.5PF

Press this softkey to confirm yourentry. The part program editor window opens automati-

cally. Enter the following subprogram:

G0 2100

X-13Y16

z2

G12Z-2 F50

G1G41 X-13' Y21 D1F600
X-19.5

Y11

X-6.5

Y21

X-13.5

G1G40Y16

G12Z-4 F50

G1G41 X-13Y21 D1F600
X-19.5

Y11

X-6.5

Y21

X-13.5

G1G40Y16

G12-5 F50

G1G41 X-13Y21 D1F600
X-19.5

Y11

X-6.5
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Y21

X-13.5

G1G40Y16

GO0 z10

M17

Then you can proceed with the operations for 'program simulation and execution

(Page 278)".

133 Programming (Example 2)

Machining requirements

Workpiece drawing (unit: mm)

i i
E‘ u"t* |I | wl
L197
! R
T 5 & ~—— =
_Fz ¥ ‘_‘1|| .|
al & )_RBD 'I
= \
/ 5}
e 4. o
- LB -
3,48 =
- - E

Technical requirements

® The arc transition mustbe smooth, without lapping.

® The cutting trace mustbe even.

® The sharp edges must be rounded.

Blank data

Blank material: Cube aluminum

Blanklength: 100 mm

Blank width: 80 mm

Blank height: 60 mm (machining length: 46 mm;clamping length: 10 mm)

Required tool

Tool type Tool number Tool diameter | Roughing Finishing

DIN ISO (mm) Speed Feedrate Speed Feedrate
Face milling tool T1D1 T1HA1 50 1500 600 2500 600
End milling tool T2D1 T2H2 10 4000 600 4000 600
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Note

e When programmingin ISO mode, you need to set the H numbersofT1 and T2 to 1 and 2 in the tool list respectively;
e Cutthe workpiece manually after machiningis over.

Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC] ne

New

v
oK

246

1.

Select the program managementoperating area.

Press this softkey to enterthe system directory for storing part programs.

Press this softkey and enterthe name ofthe new program.

Press this softkey to confirm yourentry. The part program editor window opens automatical-
ly.

NC:\MPF\2.MPF 1 Execute
==eof==

Renumher

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\2.MPF

G17 G99 G64 G541
T1 D1f

M6l

51500 M3 M8 |

Go 21001

i

==gpof==

Open the window for CYCLE7 1 through the following softkey operations:
. Face
= L milling
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Enter the desired parameters as follows:

CYCLE Overfl. path in plane infeed direction, inc.
_RTP 25.00000
Y N e TREP 1.00000
_+  _5DIS 2.00000
S _Dbp ©.00000
iy _Pn 0.00000
_PO 0.00000
_LENG 5080000
_WiD -50. 00000
_STA
_MD 1.00000
_MioA 25.00000
_FDP
_FALD 0.10000
_FFP1 600 . 60000
_UARI 31 3]
_FOP1 25.00000
v 7. Press this softkey to confirm yourinput and open the cycle programming window.
0K Enter the following program block:
S2500 M3
o 8. Press this softkey to return to the program editor window.
=7 Edit
Mark 9. Move the cursorto "C" in the line for CYCLE71 with the cursor keys and press this softkey
el to inserta marker.
On
10. Use the cursorkeys to selectthe entire program block for CYCLE71. Press this softkey to
Copy copy the selection to the buffer memory.
11. Place the cursor on the end-of-block character after "S4000 M3" with cursor keys and press
—<>> this key to enter a new line.
INPUT
12. Paste the content of the buffer memoryinto the newline.
Paste
13. Press this softkey to open the window for CYCLE71 again. Change the values of "FALD"
EOF; Re- and "FFP1" to "0" and "400" respectively.
22| comp.

14. Move the cursorto the inputfield for "VARI" and press this key to change the value to "32".

SELECT

15. Press this softkey to acceptthe change.

0K

16. Place the cursor on the end-of-block character of CYCLE71 with cursor keys and press this
—f} key on the MCP to enter a new line.

INPUT

Continue to enter the following program blocks and press this key again:
G0 Z100 M9
X60 YO
T2 D1
M6
S3500 M3 M8
17. Open the window for CYCLE72 through the following softkey operations:
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. Contour
&Ml milling

Enter the name of the contour subroutine in "KNAME", for example,"CON1".

18. Press this softkey to open the program editor window again and enter the program blocks
F]l'l:atl::h for the external contour:
CRIROL G1X41.97Y-8
X46.48Y-46.91
G2 X3.48 CR=102
G3 X3 Y-3 CR=60
G1X41.97 Y-8
M2
Tech 19. Press this softkey to returnto the window for CYCLE72 and enter the desired parameters
Jec as follows:
interface
_KNAME  COM1: CONL_E
Y _RTP 25.00000
_RFP 6.00000
_SDIS 2.00000
_DP -5.00000
_MID 1.00000
_FAL 0.10000
_FALD 9.10000
_FFP1 600 . 00000
_FFD 50.00000
_UARI 11 0
_RL 4 0
X _hs1 2 0
_LP1 8.00000
_FF3 300.00000
_hs2 1 0
_Lp2 8.00000
v 20. Press this softkey to confirm yourinput and open the cycle programming window.
oK Enter the following program block:
M3 S4000
21. Proceed through the steps described earlier to copy the entire program block for CYCLE72
and paste itin the line after the above program blocks.
22. Press this softkey to open the window for CYCLE72 again. Change the values of "MID" and
%I Re- "VARI" to "5" and "112" respectively.
227 gomp.
v 23. Press this softkey to confirm yourinput and open the cycle programming window.
0K Enter the following program blocks:
G0 Z100
S4000 M3
GO0 X60 Y-15
G0 z2
G1F300 Z-8

G42 G1Y-15 X50
G1 X44 Y-2 RND=2
G1Y0X 22

G40 Y10

G0 2100 M9

MO05

M30

Then you can proceed with the operations for 'program simulation and execution
(Page 278)".
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Screenshots of the complete program

Screen 1: Screen 2:

NC:\MPF\2.MPF 1 NC:\MPF\2.MPF 14

17 G980 G64 G54 I |  o©.1e000, ©.19000, G6OP.0000D, 50.00080, 11, 41, 2, 8.80008, 300.80 |

T1D1q 1 3ve, 1, 8.e0000) 1

16 1 - 13 54800 |

31568 M3 Mg 1 3YCLE72( "CONi:CON1_E", 25.66000, ©.00000, 2.08000, -5.60000, 5.0000
30 2100 1 3, ©.10000, 0.10000, G0O.00EEO, 50.80000, 112, 41, 2, 8.00000, 300.0
JYCLE71( 25.00600, 1.00060, 2.066000, 0.00060, 0.00006, 0.00008, 50.0 | 23000, 1, 8.00000) T

3008, -50.00000, ,1.60000, 25.60000, ,0.10000, GOO.00000, 31, 25.8 1 E
3008) 1 30 2100 1 L
52568 M3 1 34000 M3 1

SYCLE71( 25.00000, 1.00000, 2.00000, 0.00000, 0.00000, 0.00000, 50.0 30 X60 Y-15 1
Joee, -50.00000, ,1.00000, 25.00000, ,0.00000, 400.00000, 32, 25.0 0 22 1

2000) 1 31 F300 2-8 1

30 2100 M9 342 G1 Y-15 X50 1
{60 Yo T 31 X44 Y-2 RND=2 1
201 f ilvexz22

16 1 340 Y1 1

33500 M3 M8 ] 30 2100 M9 T

3YCLE?72( "CONL: CON1_E", 25.86008, ©.08600, 2.000060, -5.80000, 1.0000 | 185 1
Screen 3:

NC:\MPF\2.MPF 29
ise 1
1

L RERH I FHKOONTOLR ¥ ¥ % * % x ke xswekenn ||

S0N1: 1

il X41.97 Y-8 1

X46.48 Y-46.91 1

32 X3.48 CR=102 |

a3 X3 Y-3 CR=60

31 X41.97 Y-8

12; /* end of contour */
ONLE: T

==egof==

Operating sequence for programming in ISO mode

G SVWA":\ 1. Select the system data operating area.
SHIFT |+ | ALARM
2. Press this softkey and the system prompts the following window:
IS0 mode
After the new configuration is applied,
an NCK/PLC/HMI restart will be triggered!
v 3. Press this softkey and control system automatically starts the mode change from Sie-
oK mens mode to ISO mode.
4. Select the program managementoperating area.
PROGRAM
MANAGER
5. Press this softkey to enterthe system directory for storing part programs.

INC] Ne
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New

oK

250

Press this softkey and enterthe name ofthe new program.

Press this softkey to confirm yourentry. The part program editor window opens automati-

cally.
NC:\MPF\2.MPF 1 Execute

==eof==

Renumher

Enter the following main program:

G291

G17 G90 G64 G54
™

M6

G43 H1 GO 2100 M8

§$1500 M3
G0 Z100
X-30 YO

Z3

G120.2 F600
X80

Y-50

X-30

YO

M3 S2500
G1 Z0. F600
X80

Y-50

X-30

GO0 Z100 M9
MO05

T2

M6

G43 H2 G0 2100
M3 S4000
SSC

G0 2100
S4000 M3
GO0 X60 Y-15
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G0 22

G12Z-8 F600
G42 G1Y-15 X50
G1X44Y-2
G1Y0X 22

G40 Y10

G0 2100 M9

MO05

M30

9. Open the window for creating a new program through the following key operations:

PROGRAM NEU
MANAG

ER| —

10. Enter the name of the subprogram with the file name extension, "SSC.SPF" in this exam-
ple.

New G code program

Tuype: Main program MPF
Name: 55C.5PF

v 11. Press this softkey to confirm yourentry. The part program editor window opens automati-
0K cally. Enter the following subprogram:

G0 Z100

X40Y5

Z3

G12Z-2 F50

G1 G41 X41.97Y-8
X46.48Y-46.91

G2 X3.48 CR=102
G3 X3Y-3 CR=60
G1X41.97Y-8

G1 G40 X40Y5
G1Z-4 F50

G1 G41 X41.97Y-8
X46.48Y-46.91

G2 X3.48 CR=102
G3 X3Y-3 CR=60
G1X41.97 Y-8

G1 G40 X40Y5
G125 F50
G1G41 X41.97 Y-8
X46.48Y-46.91

G2 X3.48 CR=102
G3 X3 Y-3 CR=60
G1X41.97 Y-8

G1 G40 X40 Y5
M17

Then you can proceed with the operations for 'program simulation and execution
(Page 278)".
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134 Programming (Example 3)

Machining requirements

Workpiece drawing (unit: mm)

25
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Technical requirements

® The arc transition mustbe smooth, without lapping.

® The cutting trace mustbe even.

® The sharp edges must be rounded.

Blank data

Blank material: Cube aluminum

Blanklength: 100 mm

Blank width: 80 mm

Blank height: 60 mm (machining length: 46 mm; clamping length: 10 mm)
Required tool

Tool type Tool humber Tool diameter | Roughing Finishing
DIN ISO (mm) Speed Feedrate Speed Feedrate

Face milling tool T1D1 T1HA1 50 1500 600 2500 600
End milling tool T2D1 T2H2 12 3500 600 4000 600
End milling tool T3D1 T3H3 10 4000 600 4000 600
End milling tool T4DA1 T4H4 16 4000 300 4500 400
End milling tool T5D1 T5H5 5 5000 300 5000 300
Drilling tool T6D1 T6H6 10 4000 100 4000 100
Drilling tool T7D1 T7H7 5 4000 100 4000 100
Tapping tool T8D1 T8H8 6 500 400 500 400
Note

e When programmingin ISO mode, you need to set the H numbersof T1 to T8 as 1 to 8 respectivelyin the tool list;
e Cutthe workpiece manually after machining is over.
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Operating sequence for programming in Siemens mode

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Press this softkey to enterthe system directory for storing part programs.
NC
3. Press this softkey and enterthe name ofthe new program.
New
\/ 4. Press this softkey to confirm yourentry. The part program editor window opens automatical-
ly.
0K
y:eof::

Renumber

Search

5. Enter the following program blocks in the window. The control system saves your editing
automatically.

NC:\MPF\3.MPF

G17 G990 G54 G64 G94f
T1 D1f

M6

Go Z21e0f

51588 M3 M8f

i

==enf==

6. Open the window for CYCLE71 through the following softkey operations:
. Face
&Ml milling
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Enter the desired parameters as follows:

CYCLE71 Overfl. path in plane infeed direction, inc.

_RTP 25.00000
! —E e TREP 1.00600
_SDIS 2.00000
_DP 9.00000
_PA 9.00000
_PO 0.00000
_LENG 70.00000
_UiD 168 . 00600
_STR 0.00000
_MID 1.60608
_Mipa 25,0000
_FDP 0.00000
_FALD 0.20000
_FFP1 600 . 00000
_UARI 3 0
_FDP1 25.00008
v 7. Press this softkey to confirm yourinput and open the cycle programming window.
0K Continue to enter the following program block:
S2500 M3
o 8. Press this softkey to return to the program editor window.
=/ Edit
Mark 9. Move the cursorto "C" in the line for CYCLE71 with the cursorkeys and press this softkey
el to inserta marker.
On
10. Use the cursorkeys to selectthe entire program block for CYCLE71. Press this softkey to
Copy copy the selection to the buffer memory.
11. Place the cursor in the last empty line and press this softkey to paste the content of the
Paste buffer memory into the empty line.
12. Press this softkey to open the window for CYCLE71 again. Change the values of "FALD"
E{E Re- and"FFP1" to "0" and "400" respectively.
== comp

13. Move the cursorto the inputfield of "VARI" and press this key to change the value to "32".

14. Press this softkey to acceptthe change.
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INPUT

0K

2|

0K

15.

16.

17.

18.

19.

20.

Continue to enterthe following program blocks and then press this key again:

GO0 2100 M9

T3 D1

M6

G0 2100

S4000 M3 M8

G00 X-6 Y92

G00 22

G01 F300 Z-10

G41Y90

G01 X10 RND=6

G01 Y97 CHR=1

G01 X70 RND=4

G01Y90

G01 G40 X80

G00 2100 M9

T4 D1

M6

G0 z100

S4000 M3 M8

Open the window for POCKET4 through the following softkey operations:

d Mill Standard Circular
: - pockets - pocket

Enter the desired parameters as follows:

_RFP ©.00000 B
2 _50IS 2.60000
_DP -5.00000
_PRAD 11.000800
_PA 38.00000
RTP— | _ _PO 70.00000
MID 2.50000
RFP 1denls g 0.20000
MiD [T _FALD 0.20000
_FFP1 300.00000
DP —{ b=z FALD  _FFD 250 . 80060
_CDIR ] o
_UARI 21 Q
_MiDA 10.00000
_AP1 .60000
_AD 5.00000
_RAD1 2.00000 i
DM .50000 ||

Press this softkey to confirm yourinput and open the cycle programming window.
Continue to enterthe following block:
S4500 M3

Proceed through the steps described earlier to copy the entire program block for POCKET4
and paste itin the line after the above program blocks.

Press this softkey to open the window for POCKET4. Change the values of "FFP1", "FFD"
and "VARI" to "400", "100" and "22" respectively.

Press this softkey to acceptthe changes and open the cycle programming window.
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21. Press this key to enter a new line.
_<'> Continue to enter the following program blocks and then press this key again:
= G0 2100 M9
T5 D1
M6
G0 Z100
M3 S5000 M8
22. Open the window for SLOT2 through the following softkey operations:

SYMil. Sits ) Ef;fs”mf'

Enter the desired parameters as follows:

5LOT2 Feed for intermediate pos. on circ. path

NUM 3
¥ AFSL 30.00000
WD 6.00000
CPA 38.00000
CPO 70.00000
RAD 20.00000
STA1 165. 00000
INDA 90.00000
FFD 300 . 00000
FFP1 300.00000
R MID 1.00000
uiD CDIR 3 0
cPA X FAL 0.20000
UARI ] 0
MIDF 5.00000
FFP2 400.00000
S5F 3000 . 00000 a
FFCP 20000000 H
v 23. Press this softkey to confirm yourinput and open the cycle programming window.
0K Continue to enter the following blocks:
G0 Z100 M9
T2 D1
M6
G0 z100
X-5Y0
S3500 M3 M8
24. Press this key to enter a new line.

INPUT

25. Open the window for CYCLE72 through the following softkey operations:
. Contour
= L milling

26. Enter the name of the contour subroutine in "KNAME", for example, "CON1".

27. Press this softkey to open the program editor window again and enter the program blocks
for the external contour:

G17 G90 DIAMOF

G1X7Y-5

G1Y61.35

G2 X13.499Y86 I=AC(57) J=AC(61.35)
G1 X63 RND=2

YO

X2

M2

Attach
contour
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Tech
interface

0K

2 Com,

0K

INPUT

v
0K

28.

29.

30.

31.

32.

33.

34.

35.

36.

Press this softkey to return to the window for CYCLE72 and enter the desired parameters

as follows:

CYCLE72 Length of retract: straight path or circle radius

KNAME  CON1:CON1 E

¥ _RTP 25.00000
_RFP 0.00000
_5DIS 2.00008
_bp -5.00000
_MiD 1.60000
_FAL 0.20000
_FALD 0.10008
_FFP1 660, 08808
_FFD 50.00000
_UBRI 111 0
_RL 41 0
X _RS1 12 0
LM 3.00000
_FF3 300, 90800
_Rs2 12 0
_Lp2 3.00000

Press this softkey to confirm yourinput and open the cycle programming window.
Enter the following program blocks:
S4000 M3

Proceed through the steps described earlier to copy the entire program block for CYCLE72

and paste itin the line after the above blocks.

Press this softkey to open the window for CYCLE72 again. Change the values of "MID",

"FAL", "FALD" and "VARI" to "5", "0", "0" and "112" respectively.

Press this softkey to confirm yourinput and open the cycle programming window.
Enter the following program blocks:

G0 2100

S3500 M3

Press this key to enter a new line.

Open the window for POCKET3 through the following softkey operations:

Standard Rectang.
pockets - pocket

Enter the desired parameters as follows:

POCKET3 Pitch of helical insertion

) 30.00000
2 _CRAD 6.00000
A 36.00000
_PD 24.10000
_STA 0.00000
RTP— | .. _ “MID 3.00000
[la) _FAL 0.160000
RFP i i 1305 Traip 0.10000
MiD [T _FFP1 360, 00008
FrD 300.00000
DP — | et FALD  _CDIR 0
BRI 11 0
MDA 12.00600
_AP1 8.00000
_ApP2 3.06008
_AD 15.00000
_RAD1 ©.00000 1
_DP1 2.00000 i

Press this softkey to confirm yourinput and open the cycle programming window.
Enter the following program blocks:
S4000 M3
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37.
1 Re- 38.
=2~ comp.
39.
v
0] 4
40.
©
41.
Modal 42.
call
43,
v
0K
44.

258

Proceed through the steps described earlier to copy the entire program block for POCKET3
and paste itin the line after the above program blocks.

Press this softkey to open the window for POCKET3 again. Move the cursorto the input
field for "VARI" and change its value to "12".

Press this softkey to acceptthe change and open the cycle programming window.

Place the cursor on the end-of-block character of POCKET3 with the cursor keys and press
this key to enter a new line.

Continue to enter the following program blocks and then press this key again:
G0 2150 M9

T6 D1

M6

G0 2100

S4000 M3

G00 Z50 X36 Y24.1

Open the window for CYCLES82 through the following softkey operations:

é Drill Center Center
* _ drilling - drilling

Enter the desired parameters as follows:

CYCLES2 Dwell at drilling depth

RTP 50. 00600
2 RFP -3.00000
5DIS 2.80000
DR -5.00600
DPR 0.00000
RTP_——— DTE 8.20000
AP 5DIS
oP

Press this softkey to call this cycle modally.

Press this softkey to confirm yourinput.

Open the window for HOLES2 through the following softkey operations:

Hole Hole
pattern - gircle
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Enter the desired parameters as follows:

HOLES?2 Number of holes
cPA 36.00000
Y CPO 24,10008
RAD 18.00000
. INDA 8TA1 96. 86000
INDA 60 . 60000
STA NUM B
GPO| |
RAD,
cPA X
v 45. Press this softkey to confirm yourinput and open the cycle programming window.
0K Continue to enter the following program blocks:
X36 Y241
MCALL
GO0 2100 M9
T7 D1
M715 M6
G0 2100
S4000 M3 M8
&« 46. Press this softkey to return to the window of available drilling cycles.
Back
47. Open the window for CYCLE83 and enterthe desired parameters as follows:
Deep hole
drilling
RTP 50680000
2 RFP -3.00000
SDIS 1.00000
r DP -12.80000
DPR .60000
ALF - FDEP -5.00000
L) FOPR 0.60000
RFP g DAM 8.70000
DTB 0.50000
i DTS 1.80000
FDEPL FRF 1.80000
DP I_ - UARI ] Q
AXN 3 8]
MDEP 1.40000
URT .60000
DTD 1.60000
DIS1 5.66000
48. Press this softkey to call this cycle modally.
Modal Y Y Y
call
v 49. Confirm yourinputand open the cycle programming window.
0K
— 50. Proceed through the steps described earlier to copy the entire program blocks for HOLES2
gﬁ Edit and paste itin the line after the above program blocks.
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INPUT

Modal
call

oK

INPUT

260

51.

52.

53.

54.

55.

56.

Press this key to enter a new line.

Continue to enter the following program blocks and then press this key again:
X36 Y241

MCALL

G0 Z100 M9

T8 D1

M6

G0 Z100

S500 M3 M8

Open the window for CYCLE84 through the following softkey operations:
é Drill.  _ Thread R Palgﬁng

Enter the desired parameters as follows:

RTP 50.00000
2 RFP -3.60060
5DIS 2,000
oP
DPR 6.80000
RTP *""_77 DTB 8.70600
SDAC 5 0
RFP u — S5 o
g PIT 2.00000
il POS5 5.00000
{1 55T 5.00600
1| 55T1 5. 600G
DP *A AXN 3 0
PSYS 0
PSYS 0
UBRI 9 0
DAM 5.00000
URT 1.40060

Press this softkey to call this cycle modally.

Confirm yourinputand open the cycle programming window.

Proceed through the steps described earlierto copy the entire program blocks for HOLES2
and paste itin the line after the above program blocks.

Place the cursor on the end-of-block character of HOLES2 with the scursor keys and press
this key to enter a new line.

Continue to enter the following program blocks:
X36 Y24 .1

MCALL

G0 Z2100

M9

MO05

M30

Then you can proceed with the operations for 'program simulation and execution
(Page 278)".
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Screenshots of the complete program

Screen 1:

H17 G9B G54 G64 G94 | T
ripiy 1
16 1 r
38 2100 1

31500 M3 M8 |

JYCLE71( 25.00000, 1.00000, 2.00000, 0.00000, ©.00000, 0.00000, 70.0
3000, 100.00000, ©.00000, 1.00060, 25.80000, ©.00000, 0.20000, 600.0
3000, 31, 25.00000)

52500 M3 1

JYCLE71( 25.00000, 1.00000, 2.00000, 0.00000, ©.00000, 0.00000, 70.0
3000, 100.00000, ©.0PP0Q, 1.00000, 25.00000, ©.00000, 0.00000, 400.0
3000, 32, 25.00000)

38 2100 M9 1

I3 D019

16 1

38 2100 1

34000 M3 H8 |

388 X-6 Y92 |
Screen 3:

NC:\MPF\3. 30
i.00000, 2.50000, 0.20000, 0.20000, 40000000, 100.86000, 0, 22, 10, |
30060, ©.00000, 5.00000, 2.00008, ©.50000) T
30 2108 M9 1

5 D1 9

16 1

30 2100 1

13 55008 Mg

5L0T2( 25.00008, ©,00000, 2.00060, —3,00008, ©,00000, 3, 30,00000, 6
.00000, 38.00000, 70.00000, 20.00008, 165.00000, 90.60008, 300.00000
, 300.00000, 1.00600, 3, ©.20000, 6, 5.80000, 400.00600, 3000.00008

200.00000) 1

30 2108 M9 1

T2 011

16 1

30 2100 1

-5 v 1T

53560 M3 M8 1

SYCLE72( "CON1:CON1 _E", 25.00008, 0.00000, 2.00000, -5.00000, 1.0000 |

Screen 5:

NC:\MPF\3. 56
Fe@ 250 X36 Y24.1 1

1CALL CYCLES2( 50.00068, -3.00000, 2,06000,
%) 1

{0LES2( 36,24.1,18,90,60,6) 1

36 Y24.1 1

1CALL 1

30 2100 M9 1

7 D17

1715 M6 |

30 2100 T

340600 M3 M8 | 7
1CALL CYCLE®3( %@, -3, 1, -12, @, -5, 8, 0.7, 8.5, 1, 1, @, 3, 1.4, -
3.6, 1.6, 5) 1

{0LES2( 36, 24.1, 18, 90, 68, 6) |
36 Y24.1 1

1CALL 1

30 2100 M9 |

T8 D1 1

-5.00000, 0.00000, 0.200
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Screen 2:

NC:\MPF\3. 15

fiea 22 1

301 F3e0 2-18 |

341 Y98

381 X18 RHD=6 1

301 Y97 CHR=1 {

381 X768 RND=4 |

381 Y98

301 G4e Xse 1

300 2160 Mo 1

rapiy

161

;8 ziee

34000 M3 M8 1

30CKET4( 25.00000, 0.00080, 2.00008, -5.06000, 11.00000, 38.00800, 7
3.00008, 2.50600, 0.20008, ©.200600, 300.06000, 250.06008, 6, 21, 18.
0000, 0.00008, 5.00800, 2.80000, 6.56000)

34500 M3 |

0CKET4( 25.88088, 8.08068, 2.80088, -5.80008, 11.00000, 38.00600, 7| |

Screen 4:

NC:\MPF\3. 43

i, ©.20000, 0.10000, 60O.000E, 50.80000, 111, 41, 12, 3.00000, 300.

30000, 12, 3.00008)]
54000 M3

SYCLE72( "CON1:CON1_E", 25.00000, 0.00000, 2.00000, -5.00000, 5.0000
3, ©.09000, 0.00000, 500.0A000, 50.80000, 112, 41, 12, 3.00000, 300,
0000, 12, 3.80000)7

a0 Z1ee |
53500 M3 1
0CKET3( 58, ©
, 8, 11, 12, 8
54000 M3 |
0CKET3( 50, ©
.8 12, 12, 8
30 2158 M9 1
76 DL 1

B 1

30 Z10@ 1
54000 M3 |

=

-3,
15,

48, 30, 6, 36, 24.1, 0, 3, 0.1, 6.1, 300, 300
e, 2) 1

$9

L

_3,
15,

48, 30, 6, 36, 24.1, 0, 3, 0.1, 0.1, 300, 300
e, 2) 1

w

Screen 6:

NC:\MPF\3. 72
61

a0 Ziee |

5500 M3 M8 T

1CALL CYCLE®4( 50, -3,2,,6,0.7,5,,2,5,5,5,3,0,0,0,5,1.4 )
0LES2( 36,24.1,108,908,60,6) T

{36 Y24.1 1

1CALL T

a8 2188 |

19

105 |

130 |

1

LRk Rk ek QONTQLIR % % % % ek ks ke ]

JON1: 1

317 Goe DIAMOF 1

il X7 Y-5 1

i1 Y61.35 1

32 X13.499 Y86 I=AC(57) J=AC(61.35) 1
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Screen7:

NC:\MPF\3. 90
fi1 X63 RND=2

re 1

21

12; /* end of contour */ ||

JONLE: |

==eof==

Operating sequence for programming in ISO mode

G SVS’EA"Q\ 1. Select the system data operating area.
SHIFT | +| ALARM
2. Press this softkey and the system prompts the following window:
ISO mode
After the new configuration is applied,
an NCK/PLC/HMI restart will be triggered!
v 3. Press this softkey and control system automatically starts the mode change from Sie-
mens mode to ISO mode.
0K
4. Select the program managementoperating area.
PROGRAM
MANAGER
5. Press this softkey to enterthe system directory for storing part programs.
NG
6. Press this softkey and enterthe name ofthe new program.
New
v 7. Press this softkey to confirm yourentry. The part program editor window opens automati-
0K cally.
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NC:\MPFY\4.MPF 1 Execute

==pof==
Renumber

Search

8. Enter the following main program:
G291
G17 G90 G54 G40 G69
T
M6
G43 H1 G0 2100
S1500 M3 M8
X-30Y25
Z3
G120.2 F50
X90 F600
Y75
X-30
Y25
S2500 M3
N150 G1 Z0 F50
X90 F600
Y75
X-30
G0 Z100 M9
MO05
T3
M6
G43 H3 G0 2100
S4000 M3 M8
G00 X-6 Y92
G00 22
G01 Z-10 F50
G41 X-1Y90 F600
G1 X4
G3 X10 Y96 CR=6
G2 X12 Y98 CR=2
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G1 X66

G2 X70 Y94 CR=4
G1Y90

G01 G40 X80
G00 2100 M9
MO05

T4

M6

G43 H4 G0 Z100
S4000 M3 M8
X35Y70

Z3

G1Z-3 F50

G1 G41 X46 F600
G3 I-11

G1 G40 X35

G0 Z100 M9

MO05

T5

M6

G43 H5 G0 2100
M3 S5000 M8

G0 Z100 M9

SSG

G68 X35 Y70 R-90
SSG

G68 X35 Y70 R-180
SSG

G69

T2

M6

G43 H2 G0 2100
X-5Y0

S4000 M3 M8
SSH

G0 Z100

S4000 M3
X35Y24.1

Z3

G1Z-3 F50

G1 G41 X55 F600
Y39.1

X15

Y8.9

X55

Y24.1

G1 G40 X35

G0 Z150 M9
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10.

T6

M6

G43 H6 GO Z100
S4000 M3

G00 Z50

X36 Y24 .1

F100

G81 X35Y24.1R2Z-4.5F100
X43.66Y29.1
X35Y34.1
X26.34Y29.1
Y19.1

X35Y14.1
X43.66Y19.1
G80 GO 2100 M9
T7

M6

G43 H7 G0 2100
S4000 M3 M8
X36 Y241

G83 X36 Y24.1Z-14 R2 Q2 F100
X43.66Y29.1
X35Y34.1
X26.34Y29.1
Y19.1

X35Y14.1
X43.66Y19.1

G0 G80 2100 M9
T8

M6

G43 H8 G0 Z100
S500 M3 M8
X36Y24.1

G84 X36 Y24.1Z-14 R2 F400
X43.66Y29.1
X35Y34.1
X26.34Y29.1
Y19.1

X35Y14.1
X43.66Y19.1

G0 G80 2100 M9
M9

MO05

M30

Open the window for creating a new program through the following key operations:

PROGRAM N 2] W)
MANAGER | —

Enter the name of the subprogram with the file name extension, "SSG.SPF" in this ex-
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ample.

New G code program

Tupe: Main program MPF
Name: 55G. 5PF

v 11. Press this softkey to confirm yourentry. The part program editor window opens automati-
cally. Enter the following program blocks for"SSG":

G0 Z100
X54.319Y75.176
Z3
G1Z-3 F50
G1 G41 X57.216 Y75.953 F600
G3 X51.421Y74.4 CR=3
G2 Y65.6 CR=17
G3 X57.216Y64.047 CR=3
G383 Y75.953 CR=23
G1 G40 X54.319Y75.176
GO0 Z100
M17
12. Proceed as described above to create the other subprogram "SSH".

oK

Subprogram "SSH":
G0 2100

X35Y-15

Z3

G1Z-5 F50

G1 G41 Y0 F600
X7

G1Y61.35

G2 X13.499Y86 CR=50
G1 X61

G2 X63 Y84 CR=2
G1Y0

X33

G1 G40 X35 Y-15
M17

Then you can proceed with the operations for program simulation and execution
(Page 278)".
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135 Programming (Example 4)

Machining requirements

Workpiece drawing (unit: mm)

—
W </
\
%Me N
3 N
~ [R30 o o| o
2> \&/) s ®°
15
& o
e 5 N
|
o ~7
110 0 =
A-A
A
Technical requirements
® The arc transition mustbe smooth, without lapping.
® The cutting trace mustbe even.
® The sharp edges must be rounded.
Blank data
Blank material: Cube aluminum
Blanklength: 100 mm
Blank width: 80 mm
Blank height: 60 mm (machining length: 46 mm;clamping length: 10 mm)
Required tool
Tool type Tool number Tool diameter | Roughing Finishing
DIN ISO (mm) Speed_ Feedrate Speed ) Feedrate
Face milling tool T1D1 T1HA1 50 1500 600 2500 600
End milling tool T2D1 T2H2 12 4000 600 4000 600
End milling tool T3D1 T3H3 4000 600 4000 600
Drilling tool T4D1 T4H4 5 1200 100 1200 100
Tapping tool T5D1 T5H5 6 600 600 600 600
Note

e When programmingin ISOmode, you need to set the H numbersofT1 to T5 as 1 to 5 respectively in the tool list;
o Cutthe workpiece manually after machiningis over.
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Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC| ne

New

v
oK

268

1.

Select the program managementoperating area.

Press this softkey to enterthe system directory for storing part programs.

Press this softkey and enterthe name ofthe new program.

Press this softkey to confirm your entry. The part program editor window opens automatical-
ly.

NC:\MPF\4.MPF 1 Execute
==pof==

Renumher

Search

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\4.MPF

G17 G54 G99 G40 G941
T1 D1f

M6l

Go 21001

51500 M3 Msf

i

==gof==

Open the window for CYCLE71 through the following softkey operations:
. Face
= L milling
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Enter the desired parameters as follows:

CYCLEH Overfl. path in plane infeed direction, inc.
_RTP 25.80000
Y NS e TREP 1.00000
_ b  _sDis 2.00000
S _DP .60000
iy _Pn -55. 00000
_PO -45, 00000
_LENG 110.00000
] 9680000
_STR .60000
_MD 1.80000
_MIDA 2580000
_FOP 0.60000
_FALD 8.20000
_FFP1 660 . 89060
_UnRI k]| 3]
_FDP1 25,0000
v 7. Press this softkey to confirm yourinput and open the cycle programming window.
0K Continue to enter the following program block:
S2500 M3
o 8. Press this softkey to return to the program editor window.
=7 Edit
Mark 9. Move the cursorto "C" in the line for CYCLE71 with the cursor keys and press this softkey
an to insert a marker.
On
10. Use the cursorkeys to selectthe entire program block for CYCLE71. Press this softkey to
Copy copy the selection to the buffer memory.
11. Place the cursor in the last empty line and press this softkey to paste the content of the
Paste buffer memoryinto the emptyline.
12. Press this softkey to open the window for CYCLE71 again. Change the values of "FALD"
EOF; Re- and"FFP1" to "0" and "400" respectively.
22| comp.

13. Move the cursorto the inputfield of "VARI" and press this key to change the value to "32".

SELECT

14. Press this softkey to acceptthe change.

0K

15. Continue to enter the following program blocks and then press this key again:
© GO 2100 M9
INPUT
T2 D1

M6

G0 2100

S4000 M3 M8
16. Open the window for CYCLE76 through the following softkey operations:

UMl spigat Etfigfft"“'
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oK

«
Back

oK

INPUT

| Re-
=~ gomp.

270

17.

18.

19.

20.

21.

22.

23.

Enter the desired parameters as follows:

8DIS 2.00000 N
Y DP -10.00000
DPR
LENG 160. 60800
WD 80.00000
CRAD 9.00000
PO PA 09.60680
= PO 0.00000
5TA
MID 1.800008
FAL 0.20000
FALD 8.10600
P X FFP1 600,00000
FFD 50.00008
CDIR 2
URRI 1
AP1 110. 60608
AP2 90.00000 |

Press this softkey to confirm yourinput and open the cycle programming window.

Press this softkey to return to the window of available milling cycles.

Open the window for POCKET4 through the following softkey operations:

Standard Circular
pockets - pocket
Enter the desired parameters as follows:
POCKET4 Pitch of helical insertion
_RFP 0.00000 [
2 _S0IS 2.00000
_bp -5.00000
_PRRD 28.00000
_Pn 0.00000
RTP_l .. _ PO 0.00000
AD _MID 1.00000
REP. i E— TSDIS T 8.20000
EhlimE _FALD 9.10000
_FFP1 600.00000
DP — i > FALD  _FFD 5000000
_CDIR 2
_UARI 21
_MiDA 5.00000
_AP1
_AD
_RAD1 2.00000
_DP1 2.00000 N

Press this softkey to confirm yourinput and open the cycle programming window.
Continue to enter the following blocks:

G0 Z100

S5000 M3

Press this key to enter a new line.

Proceed through the steps described earlier to copy the entire program block for CYCLE76
and paste itin the line after the above blocks.

Press this softkey to open the window for CYCLE76. Change the values of "CRAD", "MID",
"FFD", "VARI", "AP1" and "AP2" to "10", "100", "2", "100" and "80" respectively.
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v 24. Press this softkey to acceptthe changesand open the cycle programming window.
0K

25. Proceed through the steps described earlierto copy the entire program block for POCKET4
and paste itin the line after the above blocks.

26. Press this softkey to open the window for POCKET4. Change the values of "MID", "FFD"

ﬁ Re- and "VARI" to "5", "100" and "12" respectively.
27| pomp.
v 27. Press this softkey to acceptthe changes and open the cycle programming window.
0K
28. Press this key and continue to enter the following program blocks and then press this key
—@ again:
k GO0 2100 M9
T3 D1
M6
S4000 M3 M8
29. Open the window for SLOT2 through the following softkey operations:
- Circumf.
LMl s o
Enter the desired parameters as follows:
NUM 2 ]
¥ AFSL 40.00000
LD 5.00000
CPA 9.00000
CPO ©.00000
RAD 28.00000
STA1 ©.00000
GPQ INDR 180. 00000
) FFD 50.00000
FFP1 498 . 89000
e MID 1.00000
uiD CDIR 2 o
cPA X FAL 0.10000
UARI 2 (3]
MIDF 5.00000
FFP2 500 .69000
SSF 5000 . 00000 4
FFCP 560.00000 I
v 30. Press this softkey to confirm yourinput and open the cycle programming window.
0K Continue to enterthe following blocks:
G0 Z100 M9
T4 D1
M6
S1200 M3 M8
31. Press this key to enter a new line.

INPUT

32. Open the window for CYCLE83 through the following softkey operations:
. Deep hole
0= LI
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call

oK

INPUT

272

33.

34.

35.

36.

Enter the desired parameters as follows:

CYCLES3 Lead distance at reinsertion, incr.

ncaLL RTP 25.00008
2 RFP 0.00000
5DIS 2.00000
o Dp -15,00000
DPR 0.00000
RTP - FDEP -5.00008
¥ FDPR 5.00000
RFP L DAM 1.00000
DTB 9. 10000
f DTS
FDEP™ FRF 1.00000
DP L L UARI 1
AXN 3
MDEP 2.00000
URT 1.00000
DTD 0.10000
DIS1 1.00000

Press this softkey to call this cycle modally.

Confirm yourinputand open the cycle programming window.

Continue to enter the following blocks:
X-35Y-25

X35 Y-25

X-35Y25

X35Y25

MCALL

G0 2100 M9

T5 D1

M6

Press this key to enter a new line.

Open the window for CYCLEB84 through the following softkey operations:

Rigid
Thread . tapping

Enter the desired parameters as follows:

CYCLES4 Retraction distance, for chip breaking

oL RTP 20.00000
2 RFP 0.00000
SDIS 2.00000
DP -10. 60000
DPR 0.00000
RTP_ DTB 9.10000
SDAC 5
RFP : U MPIT
: PIT 1.060000
DAM YRT POSS 0.00000
} 55T 6060 . 60000
§5T1 00 . 60000
DP AXN 3
PSYs (]
PSYS (]
URRI 1
DAM 3.00000
URT 1.060000
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37. Press this softkey to confirm yourinput and open the cycle programming window.

0K Enter the following blocks:

X-35Y-25

X35 Y-25

X-35Y25

X35Y25

MCALL

GO0 2100 M9

MO05

M30

Then you can proceed with the operations for 'program simulation and execution

(Page 278)".
Screenshots of the complete program
Screen 1: Screen 2:
NC:\MPF\4 MPF 1 NC:\MPF\4.MPF 14
17 G54 GIO G40 GI4 | 1, o.cce@s, 6.ooeee, 0.00000, ,1.08000, 0.20000, 0.10000, 600.00000 |
ERDEN | 4 | 50.80080, 2, 1, 116.00008, 99.80600) T
16 1 ~| >0CKET4( 25.00000, ©.00000, 2.00800, -5.86008, 20, 00000, 0.00000, O.
30 2100 T 20000, 1.00000, ©.20000, ©.10000, 600.00000, 50.00809, 2, 21, 5.0000
31560 M3 M8 1 3, , , 2.60809, 2.06080)
CYCLE71( 25.00000, 1.00060, 2.00000, 0.00000, -55.00000, -45.00000, 30 Z21ee E
110.00008, 99.00008, @.060000, 1.08008, 25.00008, 0.00000, 8.20000, 6 | 35000 M3 | i
30.06008, 31, 25.60008) | SYCLE?6( 25.86008, 0.00000, 2.00006, -10.60808, ,100.06060, 80.0008
32560M3 3, 0.20000, 0.00000, 0.00000, ,10.00000, 0.20000, O.10000, 606.0000
YCLE71( 25.00000, 1.00000, 2.06000, 0.08008, -55.00008, -45.00008, 3, 108.00000, 2, 2, 108.00000, 80.00000) |
110.00060, 90.00060, ©.06E08, 1.00000, 25.00000, ©.66008, 0.00008, 4 >0CKET4( 25.86008, 0.00000, 2.00006, -5.66080, 26.00080, 0.00068, 6.
30.600008, 32, 25.60000) | jgpen, 5.00000, 0.20000, O.10000, 600.00000, 100.60000, 2, 12, 5.0080
30 2100 M9 T 2, , ,2.60800, 2.06000) |
T2 011 30 2168 M3 T
6 1 13017
30 2100 T 6 1
34000 M3 M8 | 54000 M3 M8 |
3YCLE76( 25.00000, 0.00000, 2.00000, -10.00000, ,100.00000, 80.0008 | 5LOT2( 25.00000, 0.00000, 2.00000, -5.00000, ,2, 40.00000, 5.00000,

Screen 3: Screen4:

NC:\MPF\4.MPF 24 NC:\MPF\4.MPF 38
llo.cooe0, ©.00c0e, 28.00000, ©.00000, 180.00000, 50.00000, 400.00000 | {9, 5, ,1,00000, 0.00000, 60,0000, 500.00008, 3, 8, O, 1, 3.00060)

. 1.e0, 2, 0.100008, 2, 5.00000, 500.00000, 5000.00000, 500.80000) | . 1l.00800) T
a0 2100 M9 Y {-35 Y-25 T
T4 D1y {35 ¥-25 1
16 1 {-35 Y25 |
51200 M3 M8 {35 Y25 |

1CALL CYCLE83( 25.00000, ©,00008, 2.00000, -15. 00008, 0,00000, -5,00 1CALL 1

300, 5.00000, 1.86008, 8.10060, ,1.00600, 1, 3, 2.800088, 1.00068, O 30 2100 M9
.10000, 1.60008) | 105 T

{-35 ¥-25 | 130 1

X35 ¥-25 1 1

X-35 Y25 ==gof==

35 Y25 1
1CALL 1 d
36 2100 M9 | L
s D1 4
16 1
1CALL CYCLES4( 20.00000, ©.00008, 2,00800, -10.00008, 0.00080, §.160 |
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Operating sequence for programming in ISO mode

ﬁ SVS"’EA':\ 1. Select the system data operating area.
SHIFT | +| ALARM
2. Press this softkey and the system prompts the following window:
ISO mode
After the new configuration is applied,
an NCK/PLC/HMI restart will be triggered!
v 3. Press this softkey and control system automatically starts the mode change from Sie-
mens mode to ISO mode.
0] 4
4. Select the program managementoperating area.
PROGRAM
MANAGER
5. Press this softkey to enterthe system directory for storing part programs.
N e
6. Press this softkey and enterthe name ofthe new program.
New
v 7. Press this softkey to confirm yourentry. The part program editor window opens automati-
cally.
0K
- ...
g:eof::

Renumhber

8. Enter the following main program:
G291
G17 G90 G64 G54
T1
M6
G43 H1 G0 2100 M8
S1500 M3
GO0 Z100
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X-90 Y20

Z3

G120.2 F600

X90

Y-20

X-90

Y20

M3 S2500

G1 Z0. F600

X90

Y-20

X-90

G0 2100 M9

MO05

T2

M6

G43 H2 G0 Z100 M8
M3 §3500

SSD

SSE

G0 Z100 M9

MO05

T3

M6

G43 H3 G0 Z100 M8
M3 S4000

X22.5Y0

SSF

G68 X0 YO R180
SSF

G0 2100 M9

MO05

T4

M6

G43 H4 G0 2100 M8
M3 S3000

Z50

G81 X35 Y257-15 R2 F100
X-35

Y-25

X35

G0 G80 2100 M9
MO05

T5

M6

G43 H5 G0 Z100 M8
M3 S1000

Z50
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10.

11.

G84 X35Y2527-15 R2 F1000

X-35
Y-25
X35
G0 G80 2100 M9
MO05
M30

Open the window for creating a new program through the following key operations:

PROGRAM New
MANAGER

-

Enter the name of the subprogram with the file name extension,"SSD.SPF" in this exam-

ple.

New G code program

Tupe: Main program MPF
Name: 55D.5PF

Press this softkey to confirm yourentry. The part program editor window opens automati-

cally. Enter the following program blocks for "SSD":

G0 2100

X0 Y-60

Z3

G12Z-2 F50

G1 G41Y-40 F600
X-50

Y40

X50

Y-40

X-5

G1 G40 X0 Y-60
G12Z-4 F50

G1 G41Y-40 F600
X-50

Y40

X50

Y-40

X-5

G1 G40 X0 Y-60
G12-6 F50

G1 G41Y-40 F600
X-50

Y40

X50

Y-40

X-5

G1 G40 X0 Y-60
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12.

G12Z-8 F50

G1 G41 Y-40 F600
X-50

Y40

X50

Y-40

X-5

G1 G40 X0 Y-60
G1Z-10 F50

G1 G41Y-40 F600
X-50

Y40

X50

Y-40

X-5

G1 G40 X0 Y-60
G0 Z100

M17

Proceed as described above to create the othertwo subprograms:"SSE" and "SSF".

Subprogram "SSE":
G0 2100

X0 YO

Z3

G12Z-2 F50

G1 G41 X15 F600
G2 1-15

G1 G40 X0 YO0
G1Z-4 F50

G1 G41 X15 F600
G2 1-15

G1 G40 X0 YO0
G1Z-5 F50

G1 G41 X15 F600
G2 I-15

G1 G40 X0 YO

G0 2100

M17

Subprogram "SSF":
G0 2100
X22.5Y0

Z3

G12Z-2.5 F50

G1 G41 X28 YO F600
G3 X17.678Y17.678 CR=28
G3 X14.142Y14.142CR=2.5

G2 X23 YO CR=23
G3 X28 CR=2.5
G1 G40 X25.5Y0
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AUTO

i Simu.

=/ Edit

Execute

278

G12Z-5 F50

G1 G41 X28 YO F600

G3 X17.678Y17.678 CR=28
G3 X14.142Y14.142CR=2.5
G2 X23 YO CR=23

G3 X28 CR=2.5

G1 G40 X25.5Y0

G0 2100

M17

Then you can proceed with the operations for 'program simulation and execution
(Page 278)".

Program simulation and execution

1.

Switch to "AUTO" mode.

Press this softkey to open the program simulation window, and the program control mode
PRT is automatically activated.

Press this key to start the simulation for the the selected part program.

After you finish the simulation, you can press this softkey to return to the program editor
window.

Press this softkey and the system automatically changesto "AUTO" mode in the machining
operating area.

Make sure the following preconditions are metbefore start machining:
¢ These two softkeys have been deactivated.

Program Dry run
test feedrate

e The feedrate override is 0%.
e The safety door is closed and the coolantis switched on.

Make sure the safety dooris closed and the coolantis switched on.
Press this key to start workpiece machining.
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Appendix

A1 Operating area overview
A1A1 Machining operating area
— Pressing this key on the PPU allows you to open the window for the machining operating area. You can perform
.M. reference pointapproach, tool setting operations, as well as program start, stop, control, block search, and real-
MACHINE time simulation, etc.in this operating area.

The machining operating area has differentwindow displays and softkey functionsin the following operating modes:
e "JOG" mode (Page 287)

PY uA

UTO" mode (Page 294)

e "MDA" mode (Page 295)

A12 Program editing operating area

Softkey functions

)

PROGRAM

Pressing this key on the PPU allows you to open the program editor with the last opened partprogram.If no
program is ever opened in the program editor, pressing this key switches to the program managementoperating
area.

_}

Nze T1i

N3p 55000 M3 G984 F3ee
N4o Goe X168 Y108 75 |
N5B Ge1 2-5 1

N6o 25

N78 Gee 2568 Do 1

N8e T2

Nop 53000 M3 G4 Fiee
N16® Gee Xse Yse 25 7
N1ie Ge1 2-5

N12e 25

N13@ Gee 2566 Da T

N148 T3 D1 M6 1T

N150 53000 M3 G94 Fiea |
N168 Gee Xse Yse 25 |
N17@ Ge1 2-5

N1ge 25 f

Progra
6FC53

NC:\MPF\EXAMPLE.MPF
Wia G17 G98 G54 G71 Y

Y 1357:06
ot 2015/11/13

D1 M6 1
(9) Renumber

T

D1 M6 1

Displays and edits the program blocks

Programs drilling cycles and adds to the current program
Programs turning cycles and adds to the current program
Opens the contour editor for free contour programming
Calls the dialog box of common programming instructions
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Opens the program simulation window to check the programming results before machining

Recompiles the currentcycle or contour selected with cursor by reopening the previous programming window
Executes the currentprogram

Automatically assigns block numbers (Nxx) to all blocks

Opens the block search dialog box

Inserts a marker at the cursor position for copying/deleting the program blocks selected with the cursor

Copiesthe selected program blocks to the buffer memory

CECNSNCECNONONC)

Pastes the copied program blocks at the currentcursor position

A13 Offset operating area

When working with the CNC, you need to set up the machine and the tools, etc. as follows:
® Create the tools and cutting edges.

e Enter/modify the tool and work offsets.

® Enter the setting data.

Softkey functions

e

OFFSET

Pressing this key on the PPU allows you to open the following window:

Ay 10:06:39
l_@ o 2615/ 05/05
tool

New

@ Edges

Delete
tool

@

@ Search

(1]
i Tool
A s

%]

Softkey Function See also
O) Displays and modifies the tool offsets e ['Creating a tool/(Page 21)"

e 'Creating/changing a cutting edge (Page 22)"
@ Displays and modifies the tool wear data "Entering the tool wear offsets |(Page 49)"
® Displays and modifies the workpiece offsets 'Entering/modifying workpiece offsets|(Page 59)"
@ Displays and modifies the R variables 'Setting R parameters (Page 63)"
® Configures and displays lists of setting data "Entering/modifying the setting data/(Page 60)"
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Softkey Function See also
® Displays the defined user data 'Setting user data/(Page 64)"
@ Measures the tool manually or automatically e 'Measuring the tool manually (Page 27)"
e 'Measuring the tool with a probe (auto) (Page 56)"
Creates a new tool 'Creating a tool (Page 21)"
® Opens a lower-level menu for cutting edge settings 'Creating/changing a cutting edge|(Page 22)"
Removes the currently selected tool from the tool list | -
@ Searches for your desired tool with the tool number -
A14 Program managementoperating area
Softkey functions
Pressing this key on the PPU allows you to open the following window:
PROGRAM
MANAGER
14:32:13
[ HEF.%M 2015/12/21
Name Type Size Date Time [8) Execute
@ Search
@
@ Paste
NC:\MPF Free: 1.25 MB

[INPUT] 4>| key to open file, [DEL] oz | key to delete file

Stores the NC programs for subsequentoperations

Manages and transfers the manufacturer cycles

Readsin/out files via the USB drive and executes part programs from the external storage media
Reads in/out files via the Ethernet interface and executes part programs from a computer

Backs up manufacturerfiles

Backs up userfiles

Shows the recently accessed files

Executes the selected file. No editing is allowed in the execution process.

Creates new files or directories

Searches for files

CNCNCNSNONCNONONONC,
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©@ @006

Selects allfiles for the subsequentoperations

Copiesthe selected file(s) to the clipboard

Pastes the selected file(s) from the clipboard to the currentdirectory
Restores the deleted file(s)

Opens the lower-level menu for more options:

e Rename the part programs

e Cutthe part programs

Note: Softkeys @ and ® are visible only with the manufacturer password.

Searching for programs

PROGRAM
MANAGER

[NC]ne

= User
cycle

{ usB

_ Netwo.
=~ drive

— OEM
files

— User
files

Search

SELECT

oK

282

1.

Select the program managementoperating area.

Select the storage directory in which you wish to perform the search.
Note:
The following two folders are visible only with the manufacturer password:

User = OEM

cucle files

Press this vertical softkey to open the search window.

Enter the complete name with extension ofthe program file to be searched in the first input
field in the search window. To narrow your search, you can enter the desired text in the
second field.

Use this key to choose whetherto include subordinate folders or observe upper/lower case.

Press this softkey to start the search.
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Copying, cutting, and pasting programs

1. Select the program managementoperating area.

PROGRAM
MANAGER

2. Open the desired directory.

3. Select the program file that you would like to copy or cut.
& v*
4. Perform either of the following operations as desired:
e Press this softkey to copy the selected file:
Copy
e Press the following softkeys to cut the selected file:
_, Cut
5. Select the target directory with the horizontal softkeys.
6. Press this softkey to paste the file from the clipboard to the current directory.
Paste
Deleting/restoring programs
1. Select the program managementoperating area.
PROGRAM
MANAGER

2. Open the desired directory.

3. Select the program file that you would like to delete.
& vﬁ
4. Press this key, and the following message appears on the screen:

@ Do you want to delete the file selected?

v 5. Press this softkey to confirm the deletion.
0K

6. If you wantto restore the last deleted file(s), press this softkey.

Undo
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Renaming programs

PROGRAM
MANAGER

Rename

v
oK

Select the program managementoperating area.

Open the desired directory.
Select the program file that you would like to rename.

Press the extension softkey.

Press this vertical softkey to open the window for renaming.

Enter a desired new name with the extension in the inputfield.
Press this softkey to confirm yourentry.

Viewing and executing recent programs

PROGRAM
MANAGER

= Recent

® files

AV

Bl 5{“.

Execute

Clear
histary

1.

Select the program managementoperating area.

Press this softkey to open the list of recent files. Note that even the deleted files are also

displayedinthe list.

Select the program file that you would like to execute.

Press this vertical softkey to start executing the selected program.

To clear the currentfile list, press this softkey.

A15 Systemdata operating area

Softkey functions

ﬁ SVZI:\

SHIFT + | ALARM

284

Pressing this key combination allows you to enter the system data operating area. This operating area
includes functions required for parameterizing and analyzing the NCK, the PLC, and the drive. The start
screen displays the machine configuration data and softkeys available. Depending on the functions se-
lected, the horizontal and the vertical softkey bars vary. The screenshotbelow uses the control system
with PPU161.3 as an example.
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Y. . 16:12:55
REF.POINT 2015/11/13

Machine configuration Set
password

Axis index Name Axis type Drive numhber
1 Mx1 Linear axis @ Change
2 M1 Linear axis pasial
3 MZ1 Linear axis @ Delate
4 MSP1 Spindle password
@ Change
language
(3 150 mode

Save
data @

Sets the NC, PLC and HMI start up modes

Sets the system machine data

Configures the connected drives and motors (PPU16x.3 and PPU15x.3 only)

Provides PLC commissioning and diagnostics

Sets the system date and time and adjusts the brightness of the screen

Backs up and restores system data

Creates and restores startup archives, data archive

Performs the axis optimization (PPU16x.3 and PPU15x.3 only)

Enters the corresponding password (manufacturer password, and end user password) for different access levels
Changesthe password as per the corresponding access levels

Deletes the current password

Selects the userinterface language. Note that the HMI is automatically restarted when a new language is selected.

Switchesto the ISO programming mode

SHGNCESRCONCNCNONONONONONONS)

Saves the contents of the volatile memoryinto a non-volatile memory area

An extended horizontal softkey bar can be accessed via this key on the PPU. Two extended horizontal
softkeys are provided:

V

Views the service information

jf Sere

Defines the maintenance planner

Sen.
;@ planr.
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A16 Alarm operating area

Softkey functions
S Press this key on the PPU to enter the alarm operating area. You can checkthe NC and drive alarms using the
A\\ softkeys. PLC alarms are not sorted.
ALARM
13:07:49
N HEF%NI 2015/05/19

Number Time Text ponty

Didest

@ alafn?l
=
@ g
St
(6) (7) (5) uplilpate
EJI;rm o dRi:r;ute
Displays all alarms sorted by their priorities. The highestpriority alarm is at the beginning ofthe list.
O,
@ Displaysthe alarms sorted by the time of their occurrence. The mostrecent alarm stands at the beginning ofthe list.
(® Displaysthe alarms sorted by the time of their occurrence. The oldestalarm stands at the beginning ofthe list.
Displays the alarms on the drives. Note that this softkey is available on the PPU16x.3/PPU15x.3 only.

O,
® Stops/starts updating of pending alarms
® Views and manages the alarm log
@ Configures the access right for the remote control through the Ethernet connection. For more information aboutthe

softkey function, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Commissioning Manual.
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A2

Operating mode overview

A2.1 "JOG" mode
AN B
E oy 2319'51/‘:5';?05
NC:\SYF\OSTORE1.SYF SIEMENS
# Reset ROU
MCS Position Rep.offset TF.S
MX1 0.000 0.poe mm T 1 D1
MY 0.000 0.000 mm F 0000 0% (7) Ris
M21 0.000 0.600 mm 2.000 mm/min _ feedrate
S1 g.ﬁ@ 80%
G1 G566(8) G64
IE!EE:'I:. val.
®EJt|:Jtr;(?.!.iCS)

Act. @
e. Machivi1CS)

©

CNCNONONC)

Opens the "T, S, M" window where you can activate tools, set spindle speed and direction (see Section 'Activating the
tool and the spindle|(Page 23)"), and select a G code or other M functions for activating the settable work offset.

Switches the display to the relative coordinate system. You can set the reference pointin this coordinate system. For
more information, see Section 'Setting the relative coordinate system (REL)|(Page 290)".

Opens the workpiece measurementwindow where you determine the work offset data. For more information about
this window, see Section 'Measuring the workpiece (Page 57)".

Opens the tool measurementwindow where you determine the tool offset data. For more information about this win-
dow, see Sections 'Measuring the tool manually (Page 27)", 'Measuring the tool with a probe (auto)|(Page 56)" and
'Calibrating the tool probe (Page 54)".

Opens the face cutting window where you specify parameters for machining the end face or peripheral surface of a
blank without creating a special part program. For more information aboutthis window, see Section 'Face milling
(Page 291)".

Opens the settings window where you can set JOG feedrate and variable incrementvalues.
Displays the axis feedrate in the selected coordinate system.

Displays the axis position data in the relative coordinate system.

Displays the axis position data in the workpiece coordinate system.

Displays the axis position data in the machine coordinate system.

Display of variable increments

The HMI displays the variable incrementifit is defined in the standard subroutine program:

M +| 33 B Value < five digits: displays the complete value
Ll AUTO
NC:\MPF@

Iml C_NBBBE: Value > five digits: displays the first four digits plus".."
NC.\MPFEI
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Parameters in the "JOG" window

MCS Position Rep.offset TF,S

MX1 0.000 0.000 mm T 9 @ D1
MY1 0.000 0000 mm 0.000 5 70%

MZ1 0.000 aoe0 mm|F gagg mm/min
® @ ® S1 g.ﬁ@ ® 8%

Displays the axes that exist in the machine coordinate system (MCS), workpiece coordinate system (WCS), or relative
coordinate system(REL).Ifyou traverse an axis in the positive (+) or negative (-) direction, a plus or minus sign ap-
pearsin the relevantfield. If the axis is already in the required position, no signis displayed.

Displays the currentposition of the axesin the selected coordinate system.

©

Displays the distance traversed by each axisin "JOG" mode from the interruption pointin the condition of program
interruption. For more information about program interruption, see Section "Executing a part program|(Page 46)".

@)
®
® Displays the currently active tool number T with the current tool offset numberD.
® Displays the actual axis feedrate and the setpoint(mm/min ormm/rev).

®

Displays the actual value and the setpointof the spindle speed (r.p.m.).

A211 Running the s pindle manually

Before running the spindle manually, make sure you have activated the tool.

You canrun the spindle manually using these keys on the MCP in "JOG" mode. The spindle
/ speedis selected via MD14512[19].4 as follows:

o MD14512[19].4 = 0 (default): the spindle runs with the speed set in MD32020.

o MD14512[19].4 = 1: the spindle runs with the speed set last time. In this case, if the spindle
runs for the first time after the control system powers on, then you must specify a spindle
speedin "MDA" mode or the "T, S, M" window.

Operating sequence

— 1. Select the machining operating area.

M

St
MACHINE

2. Switch to "JOG" mode.

MWV
VL
JOG
. 3. Press this key on the MCP to rotate the spindle counter-clockwise.
T,F,S

T1 D 1
F 0000 a0

0.080 mm/min
-50.0 50%
SEJ -100.0
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4. Press this key on the MCP to stop the spindle rotation.
=
T1 D 1
F 0000 a0
0.680 mm/min
S1 0.0 50%
0.0

. 5. Press this key on the MCP to rotate the spindle clockwise.
TF,S

T1 D 1
F 0000 a0

0.0080 mmj/min
g1 20.0 50%
~ 100.0
&« 10. Use this softkey to return to the screen of the machining operating area.

Back

A21.2 Executing M functions

Note
Before executing M functions, make sure all the axes are in safe positions.

Operating sequence

rm 1. Select the machining operating area.
| S—
MACHINE
MA 2. Switch to "JOG" mode.
VL
JOG
3. Open the "T, S, M" window.
3 T5M
4. Press this key to move the cursor to the input field for M functions, and enter the desired

value, for example, "8".

Press this key on the MCP to activate the coolantfunction. Now you can see the corre-
sponding statusindicatoris on, which indicates the coolantsupply is switched on.

6. Press this key on the MCP to stop the coolantfunction.

A..%tf4
[6) ]

(4 7. Use this softkey to return to the main screen of the machining operating area.

Back
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A21.3 Setting the relative coordinate system (REL)

Operating sequence

— 1. Select machining operating area.
M,
MACHINE
2. Switch to " " .
v witch to "JOG" mode
VL
JOG
5 ¥ Gat 3. Press this softkey to switch the display to the relative coordinate system.
%7 REL
4. Use the cursorkeys to selectthe input field, and then enterthe new position value of the
A v reference pointin the relative coordinate system.
ped oS
REL Position Rep.offset
X -0.018 0809 mm
Y 4 843 0.000 mm
7 -3 .6 0.000 mm
5. Use this key to activate the values after each entry.
_<’> You can use the corresponding vertical softkeys to set the reference pointto zero.
INPUT
Sets the X axisto zero
X=0
Sets the Y axisto zero
Y=0
Sets the Z axis to zero
Z=0
Sets the spindle to zero
Add. P
dxBs
Sets all axesto zero
All
to zero
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A214 Face milling

Functionality

Use this function to prepare a blank for the subsequentmachining withoutcreating a special partprogram.

Operating sequence

— 1. Select the desired operating area.
M
| S—
MACHINE
2. Switch to "JOG" mode.
Wy
VL
JOG
3. Open the face milling window.
Face
cutt.
4. Move the cursorkeys to navigate in the listand enter the desired values for the selected
A v parameters (see table below for the parameter descriptions).
Be e
5. Confirm your entries with the appropriate key.
5>
INPUT
SELECT
6. Select the cutting path of the tool during machining.
7. Use this softkey to confirm your settings. The system now automatically creates the part
program.
8. Press this key on the MCP to run the part program.
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Parameters for face milling

Face milling Finish. allowance depth

1.2

1.1

1.8

Q@ © ® 606

292

8.9 1.8

Tool number
Tool offset number
Work offset to be activated

Retraction plane
Safety distance

Path feedrate

Spindle speed

1.1

1.2

DT 1
(® Work offset

@ RTP 5,
() 8DIS 10.
®F 50,
@) 500

Direction:
(® Mach.
X0
[ Y8
20
X1
@[ Y1

OO R

@
|
N
o

@D 1

G54

000 mm
000 mm

0

080 mm/min
000 rpm

M3

Roughing

.000
.000
.000
. 100
. 100
. 100
. 100
. 100
. 500

abs
abs
abs
inc
inc
inc
inc
inc
inc

0
0

Direction of spindle rotation

Machining type selection: roughing or finishing

Cutting dimension in the X\Y\Z direction, specified in

increments

Cutting lengthin the X\Y\Z direction, specified in incre-
ments relative to the workpiece edge

®
X\Y\Z position of the blank
®
®
®

Stock allowance in the Z direction
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A215 Setting the JOG data

Operating sequence

— 1. Select the desired operating area.

M

—
MACHINE

2. Switch to "JOG" mode.

MWy
VL

JOG

IE Sett.

3. Press this horizontal softkey to open the following window:

JOG - Feedrate 0.000 mm/min ©
Variable increment 0 inc
Jog spindle speed 0.000 rpm
Dry run feedrate 5600.0880 mm/min
Spindle speed
limitation with G96 160.0600 rpm
4. Enter valuesin the inputfields and confirm your entries.
o
INPUT
. 5. If necessary, press this vertical softkey to switch between the metricand inch dimension
Eultl::h_ systems.
mm > inch
\/ Press this softkey to confirm yourchange.
oK
Press this softkey to exit.
T4 y
Cancel
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A2.2 "AUTO" mode

Overview

The machine musthave been set up for "AUTO" mode according to the specifications of the machine manufacturer. You can

perform such operations as program start, stop, control, block search, and real-time simulation and recording, etc.

Softkey functions

Pressing this key in the machining operating area switches to "AUTO" mode.

=)

AUTO

™M = 14:36:56
(LAY I TTIT1] 2015/05/04
NC:\MPF@ SIEMEN@ G
# Reset ROU function
MCS Position Dist-to-go TF.S ™
Auxiliary
MX1 0000 0.000 mm T 0 D8 function
MY1 0.000 po0 mn F 0.000 90% (g) Rxis
MZ‘] 0000 p.eee mm 2.008 mm/min feedrate
51

Block display

k4 Zoom
-~ ActVal

Current program :MPF@

SECNCNONONONONONONONC

Zooms in the actual value window

Performs the program test, dry run, conditional stop, block skipping, and auxiliary function lock
Finds the desired block location

Corrects a wrong program block. Any changes will be stored immediately.

Activates the simulation function

Sets the frequently used setting data

DisplaysimportantG functions

Displays currently active auxiliary and M functions

Displays the axis feedrate in the selected coordinate system

Displays the information of part machining time (parttimer) and partcounter

Switches over the coordinate system in the actual value window

V

An extended horizontal softkey bar can be accessed via this key on the PPU. The following extended
horizontal softkey is provided:

294

Assigns and activates the handwheel or contour handwheel. For more infor-
mation, refer to Section "Assigning the handwheel through the MCP|(Page 24)"
and Appendix 'Activating the contour handwheel via the NC program

(Page 296)".

Handwheel
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Parameters

MCS Position Dist-to—go

MX1 0.000 oo
MY1 p.009 oo

M21 0.009 oo
@ @ ®

G1 G506(0) G64
Block display Current program :MPF8
M3el

O]

Displays the axes that exist in the machine coordinate system (MCS), workpiece coordinate system (WCS), or relative
coordinate system (REL).

Displays the currentposition of the axesin the selected coordinate system.
Displays the remaining distance for the axes to traverse.

Displays seven subsequentblocks of the currently active part program. The display of one block is limited to the width
of the window.

® 0 O

A23 "MDA"mode

Basic softkey functions in "MDA" mode

This window displays important G functions whereby each G function is assigned to a group and

G . has a fixed position in the window. To close the window, press this softkey once again.
function
== To display additional G functions, use the corresponding keys.
PAGE PAGE
up DOWN
e This window displays the auxiliary and M functions currently active. To close the window, press this
Huxm_aru softkey once again.
function
5 This softkey opens the file saving window where you can specify a name and a storage medium for
Rz the program displayed in the MDA window. To save your program, either enter a new program
file name in the inputfield or select an existing program for overwriting.
Note:
If you do not save with this softkey, the program edited in "MDA" mode is actually a temporaryfile.
Delete Pressing this softkey deletes all the blocks displayed in the MDA window.
file
+  Load This softkey opens a window where you can select an existing program file from a system directory
= fiFea to load into the MDA buffer.

For the explanation of other softkeys in this mode, see Section "JOG" mode (Page 287)".
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Notes on part programs in "MDA" mode

Observe the following notes when creating, executing or editing partprogramsin "MDA" mode:

Programs ended with M2/M30/M17

When a part program which is ended with M2/M30/M17 runsto the end in "MDA" mode, the cursor automatically returns
to the beginning ofthe program and the entire program becomes editable.

Programs not ended with M2/M30/M17

When a part program which is not ended with M2/M30/M17 runs to the end in "MDA" mode, a new empty line
automatically appears atthe end of the program and the cursor stops at the beginning ofthe new line. In this case, only
this new block line is editable and then executable. All program blocks before the new line, however, are not editable
unlessyou press the following key:

7

RESET

Note that if you do not enter any programming instruction in the new line, pressing the above key deletes the new line
and the cursor automatically goes back to the beginning ofthe program.

Programs stopped under other circumstances

In one of the following cases, the program execution stops and the program is not editable unless you press the above
key:

— When a program exception occurs
— When the program runs to MO/M1

— When you press the following key:

A3 Activating the contour handwheel via the NC program

The contour handwheel function can help you with the first cutting test after you create a new NC program. When you have
activated this function, you can control the feedrate of path and synchronized axes via a handwheel in"AUTO" or "MDA"
mode. This section only introduces how to activate the contour handwheel via the NC program. For how to activate this
function via the PLC interfaces, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Function Manual.

Preconditions

You mustnot select fixed feedrate, dry-run feedrate, thread cutting, or tapping.

Note

If you have not programmed the feedrate in the previous blocks, the control system prompts an alarm which indicates the
absence of feedrate.

The axes have been referenced. For more information abouthow to reference the axes, see Chapter 'Switching on and
referencing (Page 20)".

The option of "Contour handwheel"is activated with a license key. For more information abouthow to activate an option,
see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Commissioning Manual.

You have assigned the handwheel to the first geometric axis and activated it. For more information, see Section
'Assigning the handwheel through the MCP,(Page 24)".
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Activating the contour handwheel in "AUTO" mode

1.

Execute

Open the desired NC program in the part program editor window. For more information
abouthow to create or edita part program, see Chapter 'Creating part programs
(Page 29)".

Enter the mandatory instructions "G1" (or "G2"/"G3"), "G94", "G60" and "FD=0" in the
blocks. The blocks are saved automatically. See the following example:

G1 G60 G94 X20 Y28 248 F1200f
X60 F1201

X200 Y200 2300 FD=of

Xe Yo zof

M3l

Note:

e "FD" and"F" cannot appearinthe same NC block; otherwise, the control system
prompts an alarm which interrupts the contour handwheel function.

¢ When the blockruns to "FD=0", you can control the feedrate of path and synchronized
axes viaa handwheel in"AUTO" mode.

Press this softkey to execute the program. The system automatically switches to "AUTO"
mode in the machining area.

Activating the contour handwheel in "MDA" mode

1.

—

M
| S—
MACHINE
2.
)
MDA
3.

T Load

& file

. 4.

Traversing direction of axes

Select the desired operating area.

Switch to "MDA" mode.

Enter the mandatory instructions "G1" (or "G2"/"G3"), "G94", "G60" and "FD=0" in the
blocks. The blocks are saved automatically. See the following example:

G1 G G94 X280 Y28 248 Fizoefl

X60 F12ef

X200 Y200 2300 FD=01

X0 Yo Z2of

M38]]

You can alternatively load an existing part program from a system directory by pressing this
softkey if desired and enter "FD=0", "G94" and "G60" in the blocks.

Note:
"FD" and "F" cannot appearin the same NC block; otherwise, the control system prompts
an alarm which interrupts the contour handwheel function.

Press this key on the MCP. When the block runs to "FD=0", you can control the feedrate of
path and synchronized axes via a handwheel in "MDA" mode.

The axis traversing direction depends on the rotation direction of the contour handwheel:

® Clockwise - results in traversing in the programmed direction
If the block-change criterion is reached, the program advances to the next block (response identical to G60).
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® Counterclockwise — resultsin traversing in a direction opposite to the programmed direction
Here, the axes can only traverse to the appropriate block start. Pulses are not collected if the handwheel continues to

rotate.

Note

When the axes move againstthe programmed direction, the program reaches the beginning of each block and no further

operationis available.

A4 The help system

The control system provides comprehensive online help. Whenever necessary, you can call the help system from any

operating area.

The help system

HELP

My 19:31:11
N ok 2015/ 05/26
SIEMENS manual

Online Help

Show

Search

(@:ess leveli@nufacturer © Exit

Eultlri.c P‘IEaTual

O) Calls the context-sensitive help for the current topic:

Currentoperating window
NC/V70 alarms selected in the alarm specificoperation area

Machine data or setting data selected
e V70 data selected

Calls the machine manufacturer-developed PDF manual

® ©

Displays all available help information:

e Siemenshelp manuals

e Machine manufacturer-developed help manuals, ifany
e All available NC/NV70 alarms

e All available V70 parameters

e All available machine data or setting data

298

Press this key or the key combination <ALT>+ <H> to call the help system from any operating area. If a con-
@ text-sensitive help exists, Window @ opens;otherwise, Window @ opens.
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Softkeys in Window "®"

Use this softkey to select cross references

tGIJ?]Itl:? A cross reference is marked by the characters "> ... <".
Note:
This softkey is displayed only if the current page contains a cross reference.
Searchesfor a term in the current topic
Search
. Continues search for the next term that matches the search criteria
Continue
search
Exits the help system
Exit

Softkeys in Window "@"

Zoomsin the currentview

Zoom +
Zooms out the current view
Zoom -
Zooms the current view to page width
Zoom
width
Jumpsto the desired page
Go to
Searches for a term in the current topic
Search
. Continues search for the next term that matches the search criteria
Continue
search
Exits the help system
Exit

Keys for Window "®"

>

Expands hierarchical topics

<

Collapses hierarchical topics

A

_:(:1.

Navigates upwards through the hierarchical topics
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Navigates downwards through the hierarchical topics

Opens the selected topicin the current topic relevantwindow

Show Functions the same as pressing the following key:
©
INPUT
Searchesfor a term in the current topic
Search
. Continues search for the next term that matches the search criteria
Continue
search
Exits the help system
Exit
A5 Operation wizard

The operation wizard provides step-by-step guides on basic commissioning and operation procedures.

Operating sequence

AV

kS Eo

Start
assistant

Next

Previous

300

1.

Call the operation wizard through the following key operations:

= Operation
rlcrion| — assistant

Operation assistant

Guide the user through the first steps of the machine operation.

Assistant
Switch on the machine and approach the reference point
Create a new tool and measure the tool
Measure the workpiece
Create a part program
Simulate the program

Select a step of the machining operation with the cursor keys.

Press this softkey to startthe onboard assistant.

Press this softkey to enterthe next page.

Press this softkey to enter the previous page.
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6. Press eitherkey to return to the main screen of the operation wizard.

Exit

MENU
FUNCTION

7. Press one of the following five operating area keys to exit the main screen of the operation
wizard.

A.6 Editing Chinese characters

The program editorand PLC alarm text editor both allow you to edit the simplified Chinese characters on the Chinese variant

of the HMI.

Editing simplified Chinese characters

Press the following key combination to switch the editor on or off:

>

ALT + S

a

Press this key to toggle between different inputmethods.

O

SELECT

Press the numerickeys (1 to 9) on the PPU to selectthe desired characters.

Example of editing simplified Chinese

Ay 44
& Uy 2&1513'51/1d§/819
B R K BHE A - 7
ER — mnr 10 {57516 10:59:34
22 HIGHINER 15/05/18  11:34:24 e
E i MPFEFEFE H=
BFF
X
NC:AMPF oh B
W +EREN 1% 24 b 4% 5] 62 738 e4F  CHE O | o 1}{
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Structure of editor

~CHE 1% 2480 31 4.5 53] 6:R 7@l 83F  CHE fio

Input field

Available characters Active input method

Press the cursor key on the PPU to select
other characters

A7 Calculating contour elements

Function

You can use the calculatorto calculate the contour elementsin the respective inputscreens.

Calculating a pointin a circle

5 1. Activate the calculator when you position the cursor on the desired inputfield.
2. Open the lower-level menu for contour elements selection.
More
é 3. Select the desired calculation function.
Press this softkey to define the direction of rotation of the circle.
G2/G3
4. Enter the circle center, the angle of the tangentand the circle radius in the following win-
dow:
G2 CC abscissa
CC ordinate
R
Angle A

CC Radius R

Radius programming
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v 5. Press this softkey to calculate the abscissa and ordinate values of the point.
The abscissa is the first axis, and the ordinate is the second axis of the plane. The abscissa

Accept value is displayed in the inputfield from which the calculator function has been called, and
the value of the ordinate is displayed in the next inputfield. If the function is called from the
part program editor, the coordinates are saved with the axis names ofthe selected basic
plane.

Example

Calculating the pointof intersection between the circle sector D and the straight line @ in plane G17:

Given:
® Radius:10
e Circle center pointCC: Y=20, X=20

e Connection angle forstraight lines: 45°

CC abscissa 208

G2 R CC ordinate 208
Angle A 45

CC Radius R 10

Radius programming

Result: Y=27.071,X=12.928

The result appears onthe input screen.
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Calculating a pointin a plane
1.

2.
More

3.

4.

5.

Accept

Activate the calculator when you position the cursor on the desired inputfield.

Open the lower-level menu for contour elements selection.

Select the desired calculation function.

Enter the following coordinates or anglesin the respective inputfields:
e Coordinates ofthe given point (PP)

e Slope angle of the straight line (A1)

¢ Distance of the new pointwith reference to PP

¢ Slope angle of the connecting straightline (A2) with reference to A1

Press this softkey to calculate the abscissa and ordinate values of the point.

The abscissa s the first axis, and the ordinate is the second axis of the plane. The abscissa
value is displayed in the inputfield from which the calculator function has been called, and
the value of the ordinate is displayed in the next inputfield. If the functionis called from the
part program editor, the coordinates are saved with the axis names ofthe selected basic
plane.

Calculating the Cartesian coordinates

[ 1.
More 2.
i 3.

4.

\/ 5.
Accept

Calculating the end point

] 1.
More 2.
3.

b

304

Activate the calculator when you position the cursor on the desired inputfield.

Open the lower-level menu for contour elements selection.

Select the desired calculation function.
This function converts the given polar coordinates into Cartesian coordinates.

Enter the reference point, the vector length and the slope angle in the respective input
fields.

Press this softkey to calculate the Cartesian coordinates.

The abscissa value is displayed in the inputfield from which the calculatorfunction has
been called, and the value of the ordinate is displayed in the next input field. If the function
is called from the part program editor, the coordinates are saved with the axis names ofthe
selected basicplane.

Activate the calculator when you position the cursor on the desired inputfield.

Open the lower-level menu for contour elements selection.

Select the desired calculation function.

This function calculates the missing end pointof the straight line/straightline contour section
whereby the second straightline stands vertically on the first straightline.

Press this softkey to define the given end point when the ordinate value is given.
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4.
\/ 5.
Accept
Example

Press this softkey to define the given end point when the abscissa value is given.

Press this softkey to define the second straight line which is rotated counter-clockwise by 90
degrees againstthe first straight line.

Press this softkey to define the second straight line which is rotated clockwise by 90 de-
grees againstthe first straightline.

Enter the PP coordinates, angle A, EP abscissa/ ordinate,and L lengthin the respective
inputfields. The following values of the straightline are known:

Straightline 1: Starting pointand slope angle

Straightline 2: Length and one end point in the Cartesian coordinate system

Press this softkey to calculate the missing end point.

The abscissa value is displayed in the inputfield from which the calculator function has
been called, and the value of the ordinate is displayed in the next input field. If the function
is called from the part program editor, the coordinates are saved with the axis names ofthe
selected basicplane.

The following drawing mustbe supplemented by the value of the center circle pointin orderto be able to calculate the point
of intersection between the circle sector of the straightlines.

260
|

b HE

ok (M)
> 7
3,
O <t
Q
\.
g'\,
Ip]
- - - % _(g
—1—20.00—t=—

The missing center pointcoordinate is calculated using the calculator function, as the radius at the
tangential transition is perpendicular to the straight line.

The radiusis located at an angle of 90° clockwise to the straight-line defined by the angle.
Use this softkey to select the appropriate direction of rotation.

Use this softkey to define the given end point.

Enter the coordinates of the pole, the slope angle of the straight line, the ordinate of the end pointand the circle radius as

the length.
Result: X=-19.499,Y=30
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A8 Free contour programming

Functionality
Free contour programming enables you to create simple and complex contours.

A contour editor (FKE) calculates any missing parameters for you as soon as they can be obtained from other parameters.
You canlink together contour elements and transfer to the edited part program.

Contour editor

Proceed through the following steps to open the contour editor window:

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Press this softkey to enterthe system directory for storing part programs.
NC
3. Select the desired program file, and press this key to openitin the program editor.
©
INPUT
4. Press this softkey to open the contour editor window.
é Cont.
5. Initially, you define a contour starting point (see Section 'Defining a start point(Page 307)").
6. The contouris then programmed step by step (see Section 'Programming example for mill-

ing application (Page 316)").

Recompile
When the program edited in the contour editoris opened in the program editor, if you position the
% Re- editor cursor in a command line ofthe contour program and then press this softkey, the main
= comp. screen of the contour editor opens and you can recompile the existing contour.
Note

When recompiling, only the contour elements thatwere generated in the contour editor are created again. Any changes you
made directly in the program text are lost; however, you can subsequently insertand edituser-defined texts, which will not
be lost.
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Softkey functions

M 16:27:34
T 2015/85/04

N:\MPF\TEST.MPF Start point
+

END

48.88 - Selected plane:
Programming plane: G17 .

20.88

+ Start point:
X 0.000 abs

y 8.600 abs (5)Pole

8.88 7

Approach start pt: GO 8]

-4a) Free text input: @
Cancel

®

©) An elementwas selected using the cursor keys. This softkey enlarges the image section ofthe selected element.

Zooms the graphicin/out/automatically

display. When you deactivate this softkey, the input focus is positioned in the contour chain again.

If you press this softkey, help graphics are displayed in addition to the relevantparameter. Pressing the softkey again

@

® When you select this softkey, you can move the red cross-hair with the cursor keys and choose a picture detail to

®@
exits the help mode.

®

Press this softkey to toggle between the selections. This softkey functions the same as pressing the following key:

O

SELECT

® Defines a pole for contour programming in polar coordinates. The pole can only be entered in absolute Cartesian
coordinates.

Exits the contour editor and returns to the program editor window, withouttransferring the last edited values to the
main program
Saves the settings for the start point

Q

A8.1 Defining a start point

When entering a contour, begin at a position which you already know and enter it as the starting point.

Operating sequence

1. Select the program managementoperating area.

PROGRAM
MANAGER

[NC| N

2. Enter the system program directory.
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Alter-
native

SELECT

Select the desired program file, and press this key to openitin the program editor.

Press this softkey to open the contour editor window.

Use the cursor keys on the PPU to switch between different inputfields.

Press this softkey or the following key to toggle between the selections and enter the
desired values as required.

You can alternatively press this key to make your selection.

You can also define a pole for contour programming in polar coordinates by pressing this

Pole softkey.
The pole can also be defined or redefined ata later time. The programming ofthe polar
coordinates always refers to the pole that was defined last.
Save the settings for the start point.
Accept
element
w Pressing this softkey cancels the settings and exits the contour editor.
Cancel
A.8.2 Programming contour element
Functionality
Once you have defined the contour start point, press this softkey and you can begin programming
e individual contour elements from the main screen shown below:
Accept the individual t I tsf th i h bel
element
w 16:28:42
N 2015/05/04
L v
END
—  ipee- Selected plane:
Programming plane: G17
20.88 |
| Start point:
h.ed = X 6.000
y 0.000 abs @ £ )
=287
.08
Approach start pt: GO
-487 Free text input:
.08 X
" 288 8fe ' 268 T v;
() Accept
=
ey N G G e o
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Opens the window for programming a vertical straightline (in Z direction)
Opens the window for programming a horizontal straightline (in Y direction)

Opens the window for programming an oblique line in the Y/Z direction. The end point of the line is entered using
coordinatesoran angle.

Opens the window for programming a circular arc with any direction of rotation

©@6e ©00

Opens the lower-level menu for more programming options:

e Specify a pole

e Close the contour

® Returnsto the program editor withouttransferring the last edited values to the system

@ Returnsto the program editor with the last edited values transferred to the system

Further softkey functions

The following softkeys are available in corresponding contour elementwindow for programming the contour elements on the
basis of pre-assigned parameters.

Tangent to preceding element

This softkey presets the angle a2 to a value of 0. The contour elementhas a tangential transition to

Iangent- the preceding element,i.e. the angle to the preceding element (a2) is set to 0 degree.
rans.

Displaying all parameters

Press this softkey to display a selection list of all the parameters for the selected contour element. If
you leave any parameterinputfields blank, the control assumes that you do not know the right
values and attempts to calculate these from the settings of the other parameters. The contour is
always machined in the programmed direction.

All para-
meters

Input switchover

This softkey is displayed only in cases where the cursor is positioned on an input field with several
switchover settings.

Alter—
hative

Selecting dialog

Some parameter configurations can produce several different contour characteristics. In such cas-

Dialog es, you will be asked to select a dialog. By clicking this softkey, you can display the available selec-
select tion optionsin the graphicdisplay area. Selectthis softkey to make the correct selection (green
line).

Confirm your choice with this softkey.

v
Accept

Changing a selected dialog

If you wantto change an existing dialog selection, you must selectthe contour elementin which the

_EEIZ';%?J“ dialog was originally chosen. Both alternatives are displayed again when you select this softkey.

Clearing a parameter input field

You can delete the value in the selected parameterinputfield with this softkey or the following key:

Delete
value

DEL
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Saving a contour element

If you have entered the available data for a contour elementor selected a desired dialog, pressing
this softkey allows you to store the contour elementand return to the main screen. You can then
program the next contour element.

Accept
element

Appending a contour element
Use the cursorkeys to selectthe elementin front of the end marker.

Use the softkeys to select the contour elementofyour choice and enter the values you know in the inputscreen for that
element.

Confirm yourinputs with the following softkey:

Accept
element

Selecting a contour element

Position the cursor on the desired contour elementin the contour chain, and select it using this key.

;‘% The parameters for the selected elementwill then be displayed. The name of the elementappears
at the top of the parameterization window.

If the contourelementcan be represented geometrically, itis highlighted accordingly in the graphic

display area,i.e. the color of the contour elementchanges from white to black.

Modifying a contour element

You can use the cursor keys to select a programmed contour elementin the contour chain. Press

—<>> this key to display the parameterinputfields. The parameters can now be edited.
INPUT

Inserting a contour element
Use the cursorkeys in the contour chain to select the contour elementin front of the position for the new element.
Then selectthe contour elementto be inserted from the softkey bar.

After you have configured the parameters for the new contour element, confirm the insert operation by pressing the following
softkey:

Accept
element

Subsequentcontour elements are updated automatically according to the new contour status.

Deleting a contour element

Use the cursorkeys to selectthe elementyou wish to delete. The selected contour symbol and
associated contour elementin the programming graphic are highlighted inred. Then press this
softkey and confirm the query.

Delete
element

Closing the contour

By pressing this softkey, you can close the contourfrom the actual position with a straight line to

Close the starting point.

contour

Undoing aninput

% By selecting this softkey you can return to the main screen without transferring the lastedited val-

ues to the system.
Cancel
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Contour symbol colors

The meaning ofthe symbol colors in the contour chain on the left of the main screenis as follows:

Icon Significance
Selected Symbol colorblack on a red background - Elementis defined geometrically
Symbol colorblack on a lightyellow background — Elementis not defined geometrically

Not selected Symbol colorblack on a gray background -~ Elementis defined geometrically
Symbol color white on a gray background - Elementis not defined geometrically

A8.3 Parameters for contour elements

Parameters for programming straight lines

Bl 16:29:47
ot 2015/05/04
N:AMPF\TEST.MPF Straight line, vertical
- ¥

T 48.88
iEH) v ahs ©

20.56

mEog Trans. to next element:
() RND [0 0.000
_28— H .
8 Free text input:
G
-gg’ Contour allowance: X
: x @ ©.600 Right [0 Cancel
"—oabe " @de ' 2888 J

Accept
End point ¥ element

Follower
element

Absolute (abs)/incremental (inc) end positionin X or Y direction

Transition elementto the next contour is a chamfer (CHR) or a radius (RND). CHR=0 or RND=0 means no transition
element.

Input field for supplementary comments, such as F1000 feedrate values, H or M functions. If comments are entered as

text, they mustalways be started with a semicolon™";".
You can specify a side-based parallel contour allowance. It is displayed as an allowance in the graphics window.

The contour chain which displays the start pointand programmed contour elements. The current position in the chain
is color-highlighted.

®@ @ © ©06

The graphics window which displays the progress of the contour as you configure the parameters for the contourele-

ments.
All para- The following additional parameters are displayed after you press this softkey:
meters
Parameter Description
L Length of the straight line
al Pitch angle with reference to Y axis
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Parameters for programming circular arcs

S 16:31:26
ot 2015/05/04
N:\MPF\TEST.MPF Circular arc
ﬁ ¥ Dir.of rot.: O .
)
== 2.8 1 R
END
@ 3) % abs
1.08 | Y ahs
@ @ | abs
8.86 -+ J abs
Trans. to next element:
1o RND [0 0.000
Free text input:
-2.88 v
X Contour allowance: Cancel
T -18e T ebe C 1he 8.000 Right [O
Accept

Follower
element

(@ Directionof rotation of the circulararc: clockwise or counter-clockwise

@ Radiusofcircle

(® Absolute (abs)/incremental (inc) end positionsin X and Y directions

® Absolute (abs)/incremental (inc) positions of circle center pointin Y (I) and X (K) directions

® The contour chain which displays the start pointand programmed contour elements. The current position in the chain
is color-highlighted.

® The graphics window which displays the progress of the contour as you configure the parameters for the contour ele-
ments.

Al para- The following additional parameters are displayed after you press this softkey:

meters

Parameter Description

atl Starting angle with reference to Y axis

a2 Angle to preceding element; tangential transition: a2=0

B1 End angle with reference to Y axis

B2 Angle of aperture of circle

Machine manufacturer

The names of the identifiers (X or Y ...) are defined in the machine data where they can also be changed.

Transition to next element

A transition elementcan be used wheneverthere is a point of intersection between two neighboring elements; this can be
calculated from the inputvalues.

You can choose to inserteither a radius (RND), a chamfer (CHR) or an undercutas the transition elementbetween any two
contourelements. The transition is always appended to the end of a contour element. You select transition elementsin the
parameterinputscreen for the relevantcontour element.

Radius or chamfer at the start or the end of a turning contour:

In simple turning contours a chamfer or radius mustoften be appended atthe start and end of the contour.
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A chamfer or radius terminates an axis-parallel contour section on the blank:

You selectthe direction of transition for the contour start in the starting point screen. You can choose between chamferand
radius. The value is defined in the same manner as for the transition elements.

In addition, four directions can be selected in a single selection field. You selectthe direction of the transition elementfor the
contourend in the end screen. This selection is always proposed, even if preceding elements were assigned no transition.
Contour chain

Once you complete or cancel the programming of a contour element, you can navigate around the contour chain (left on the
main screen) using the cursor keys. The current position in the chain is color-highlighted.

The elements ofthe contour and pole, if applicable, are displayed in the sequence in which they were programmed.
You can select an existing contour elementwith the following key and reassign its parameters:

©

INPUT

A new contour elementisinserted after the cursor when you select one of the contour elements on the vertical softkey bar;
the inputfocus is then switched to the parameterinputon the rightof the graphicdisplay. Programming always continues
after the elementselected in the contour chain.

You can delete the selected elementfrom the chain by selecting the following softkey:

Delete
element

Graphics window

The graphics window displays the progress of the contour chain as you configure the parameters for the contour elements.
The elementyou have selected is displayed in blackin the graphics window.

The contouris displayed to the extent it can be interpreted by the control on the basis of parameterinputs. If the contouris
still not displayed in the programming graphic, further values mustbe entered. Check the contour elements you have already
programmed, ifrequired. You may have forgotten to enter all of the known data.

The coordinate system scaling is automatically adapted to changes in the complete contour.
The position of the coordinate system is displayed in the graphics window.
An elementwas selected using the cursor keys.

Pressing the following softkey allows you to enlarge the image section ofthe selected element:

Follower
element
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A8.4 Specifying contour elements in polar coordinates

Functionality

The description aboutdefining the coordinates of contour elements applies to the specification of positional data in the
Cartesian coordinate system. Alternatively, you have the option to define positions using polar coordinates.

When programming contours, you can define a pole at any time priorto using polar coordinates for the first time.
Programmed polar coordinates subsequently refer to this pole. The pole is modal and can be re-defined at anytime. It is
always entered in absolute Cartesian coordinates. The contour calculator converts values entered as polar coordinates into
Cartesian coordinates. Positions can be programmed in polar coordinates only after a pole has been specified. The pole
inputdoes not generate a code for the NC program.

Pole

The polarcoordinates are valid in the level selected with G17 to G19.

The poleis a contourelementthat can be edited, which itself does not contribute to the contour. It
can be entered when the starting point of the contouris defined or anywhere within the contour. The
pole cannotbe created before the starting pointof the contour.

I/

This softkey allows you to specify a pole and can only be entered in absolute Cartesian coordi-
Pole nates. This softkey is also presentin the starting pointscreen. This enables the pole to be entered
at the start of a contour, so that the first contour elementcan be entered in polar coordinates.

Further notes

If the straight line that was generated with close contour is linked to the start elementof the contourwith a radius or chamfer,
the radius or chamfer mustbe specified explicitly as follows:

e Close contour, enter radius/chamfer, and accept element. The result then corresponds exactly to what would occur if the
closing elementwere to be entered with the radius or chamfer.

Close contour can only be used for entering contour elementsin polar coordinates ifthe starting point of the contour was
setto polarand the same poleis still valid when the contouris closed.
Input switchover: Cartesian/polar

The following contour elements can be entered optionally in polar coordinates only after a pole has been defined, whether
this was done at the outset or later in the process:

e Circulararcs
e Straightlines (horizontal, vertical, any direction)

To switchover between Cartesian and polar coordinates, additional toggle fields are displayed in the programming windows
for the contour elements of oblique lines and circular arcs.

A togglefield is not displayed ifno pole exists. Input fields and display fields are then only available for Cartesian values.

Absolute/incremental input

Absolute and incremental polar coordinates can be inputfor "polar/Cartesian". The inputfields and display fields are labeled
inc and abs.

Absolute polar coordinates are defined by an absolute distance to the pole that is always positive and an angle in the range
of 0° ... +/-360°. When absolute dimensions are specified, the angularreference is based on a horizontal axis of the working
plane,e.g. X axis with G17. The positive direction of rotation runs counter-clockwise.

If there are several input poles, the definitive pole is always the last pole before the inputor edited element.
Incremental polar coordinates relate to both the definitive pole and the end point of the preceding element.

For an incremental input, the absolute distance to the pole is calculated using the absolute distance from the end point of the
preceding elementto the pole plusthe length incrementthatwas entered.

The incrementcan be positive or negative.

The absolute angle is calculated accordingly using the absolute polarangle ofthe preceding elementplus the angular
increment. It is not necessary here for the preceding elementto have been entered as polar.
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In contour programming, the contour calculator converts the Cartesian coordinates ofthe preceding end pointusing the

definitive pole into polar coordinates. This also appliesifthe preceding elementhas been given in polar coordinates, since
this could relate to anotherpoleif a pole has beeninserted in the meantime.

Pole change example

AY
10
Polar coordinates predecessor
ref. to Pole 1:
L1=3.6603. ¢ =0
Pole 1 Predecessor
5
|
Polar coordinates referring to
Pole 0O (i
|
|
| X
: ' >
Pole 0 5 8.6603 10
Pole: Xpole=0.0, Ypole=0.0, (Pole 0)
End point:
L1abs=10.0 ¢dabs =30.0° Calculated Cart. Coordinates
Xabs = 8.6603 Yabs=5.0
New pole:
Xpole1=5.0 Ypole1=5.0 (Pole 1)
Calculated polar coord. Predecessor
L1abs=3.6603 ¢dabs =0.0°
Next point:
L1inc=-2.0 ¢inc =45.0°
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Absolute polar coordinates for current element
L1abs=1.6603 ¢dabs = 45.0°
Calculate Cartesian coordinates

Xabs =1.1740 Yabs =1.1740
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A.8.5 Cycle support

Functionality

The technologies below are provided with the additional supportin the form of pre-defined cycles, which then mustbe
parameterized.

® Drilling
e Milling

For more information, see Chapter 'Cycles (Page 152)".

A8.6 Programming example for milling application

Example 1
The following diagram shows a programming example for the "Free contour programming" function.
Starting point: X=5.67 abs., Y=0 abs., machining plane G17

The contouris programmed in a counter-clockwise direction.

=-137.257 abs.
43.972 . .
Starting point
X=5.67 Y=0
125°
Y R72

» X
Operating sequence:
1. Select the program managementoperating area.
PROGRAM
MANAGER

Enter the system program directory.

[NC] ne

3. Select a program with the cursor keys and press this key to open the program in the pro-
—@ gram editor.
INPUT

4. Press this softkey to open the contour editor.
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Accept
element

——
Accept
element

e’

v N

Accept
element

Accept
element

N

Dialog
select

Accept
element

10.

11.

12.

13.

14.

15.

16.

Define a start pointwith the following parameters and press this softkey to confirm.
e Programming plane: G17

e X:5.67abs.

e Y:0

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
o X:-93.285abs.

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to confirm.
e X:-43.972inc.
e al:-125°

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to confirm.
e X:43.972inc.
e qal:-55°

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e X:5.67abs.

Press this softkey to selecta contour elementofcirculararc.

Enter the parameters for this elementand press this softkey to select the desired contour

characteristics.
e Direction of rotation: clockwise

e R:72
e X:5.67abs.
e Y:0abs.

Press this softkey to confirm.
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Now you can see the programmed contourin the graphics window:

M 16:4017
_} ot 2915/05/04

N:\MPF\TEST.MPF Circular arc Delete
$ 5 element
PERNTTTE Dir.of rot.: ('1.
o R 72.000
&
K X 5.670 abs |©
-+ ¥ 0.000 abs O
C_)
z0 o] | 40.889 abs O
—  m + . J -62.799 abs O
Trans. to next element:
=LH RND [0 0.900
.88
Free text input:
-158-]
.6e
X Contour allowance: Cancel
— = i i T .
_lfe " Sebe CXT] 0.080 Right O
Accept
Follower Auto Zoom Zoom H
element zoom + - m" + ® Info
Example 2

Starting point: X=0 abs., Y=0 abs., machining plane G17
The contouris programmed in the clockwise direction with dialog selection.

Starting point
X=0, Y=0
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Operating sequence:

1. Select the program managementoperating area.
PROGRAM
MANAGER
2. Enter the system program directory.
NC
3. Select a program with cursor keys and press this key to open the program in the program
O editor.
INPUT
4. Press this softkey to open the contour editor.
d Cont.
Accent 5. Define a start pointwith the following parameters and press this softkey to confirm.
elemSnt e Programming plane: G17
e X:0
e Y:0
4+ 6. Press this softkey to selecta contour elementofstraight vertical line.
[ ]
+
A t 7. Enter the parameters for this elementand press this softkey to confirm.
ceep e Y:-104 abs.
element
{._X 8. Press this softkey to selecta contour elementofcirculararc.
. 9. Enter the parameters for this elementand press this softkey to select the desired contour
D'?Iu% characteristics.
sSeiec
e Direction of rotation: clockwise
e R:79
e [|:0abs.
e [B2:30°
10. Press this softkey to confirm.
Accept
element
{._\ 11.  Press this softkey to selecta contour elementofcirculararc.
12. Enter the parameters for this elementand press this softkey to select the desired contour
Iangent' characteristics.
rans.
e Direction of rotation: clockwise
e R:75
e [(2:180°
13. Press this softkey to confirm.
Accept
element

14. Press this softkey to selecta contour elementofcirculararc.

VAR
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15. Enter the parameters for this elementand press this softkey to select the desired contour

Di?lu% characteristics.
selec
e Direction of rotation: counter-clockwise
e R:64
e X: -6 abs.
e |:0abs.
e RND:5
16. Press this softkey to confirm.
Accept
element
4 17. Press this softkey to selecta contour elementofstraight vertical line.
]
+
Flamgh 18. Enter the parameters for this elementand press this softkey to confirm.
element * a1:90”
e RND:5
{_._X 19.  Press this softkey to selecta contour elementofcirculararc.
. 20. Enter the parameters for this elementand press this softkey to select the desired contour
Er-ll..?llalz:% characteristics.
e Direction of rotation: clockwise
e R:25
e X:0abs.
e Y:0abs.
e |:0abs.
21. Press this softkey to confirm.
Accept
element

Now you can see the programmed contour in the graphics window:

" 16:48:25

JOG 2015/05/04
N:\MPF\TEST.MPF Circular are Delete
_¢)_ 5 element
T Dir.of rot.: g1 ")
¥ 0.68 R 25,008
o
I X 8.000 abs O
< Y 9.000 abs O
1
&) | 0.600 ahs O
=—  _5g J 24.269 Inc |©
END 33 +
Trans. to next element:
RND |O 0.000
Free text input:
-180]
.Ba
X Contour allowance:
-68.08 -48%8 2080  8BR 2898 0.800 Right O
Accept
Follower Auto Zoom Zoom H
element zoom + - " + ® Info
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Example 3
Starting point: X=0 abs., Y=5.7 abs., machining plane G17

The contouris programmed in a clockwise direction.

Starting point
X=0, Y=5.7

15.2

14.8

X
Operating sequence:
1. Select the program managementoperating area.
PROGRAM
MANAGER

Enter the system program directory.

NC
3. Select a program with cursor keys and press this key to open the program in the program
—@ editor.

INPUT

4. Press this softkey to open the contour editor.
d Cont.
e 5. Define a start pointwith the following parameters and press this softkey to confirm.
element e Programming plane: G17
e X:0abs.
e Y:5.7 abs.
6. Press this softkey to selecta contour elementofcirculararc.

VAR
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Dialog
select

Accept
element

KA
N

Accept
element

VAR

Tangent.
trans.

Accept
element

VAR

Tangent.
trans.

Dialog
select

Accept
element

N

Tangent.
frans.

Dialog
select

Accept
element

322

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Enter the parameters for this elementand press this softkey to select the desired contour
characteristics.

e Direction of rotation: counter-clockwise

e R:95
e [:0abs.
e RND:2

Press this softkey to confirm.

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to confirm.
e al1:-30°

Press this softkey to selecta contour elementofcirculararc.

Enter the parameters for this elementand press this softkey to select the desired contour
characteristics.

e Direction of rotation: clockwise
e R:2
e J:4.65abs.

Press this softkey to confirm.

Press this softkey to selecta contour elementofcirculararc.

Enter the parameters for this elementand press these softkeys to select the desired contour
characteristics.

e Direction of rotation: counter-clockwise

e R:3.2
e [|:11.5abs.
e J:0abs.

Press this softkey to confirm.

Press this softkey to selecta contour elementofcirculararc.

Enter the parameters for this elementand press these softkeys to select the desired contour
characteristics.

e Direction of rotation: clockwise
e R:2
e J:-465abs.

Press this softkey to confirm.
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', 20.
N
21.
Tangent.
trans.
22.
Accept
element
23.
)
24.
Dialog
select
25.
Accept
element
4+ 26.
| ]
+
27.
Accept
element
28.
)
29.
Accept
element

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to select the desired contour
characteristics.

e a1:-158°
e Y:-14.8abs.
e 02:0°

Press this softkey to confirm.

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to select the desired contour
characteristics.

e L:5

Press this softkey to confirm.

Press this softkey to selecta contour elementofstraight vertical line.

Enter the parameters for this elementand press this softkey to confirm.

e Y:5.7abs.

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e X:0abs.

Now you can see the programmed contour in the graphics window:

A
uu
JOG

N:AMPF\TEST.MPF Straight line, horizontal Delete

10:28:50
2015/05/05

element

=y
{_j
Wia 20.88
E X 0.880 ahs O
o
2 19.88
i
&

8.88 a
Kl . Trans. to next element:
£ RND [0 9.008
—
— -8 N
END g Free text input:

’gg_ Contour allowance:

' X ©.600 Right [0 Cancel

" -18.68 Bhe T 18be T
Accept

Follower Auto Zoom Zoom H
element zoom + E -+ —+ ® Info
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A.9 Word structure and address

Functionality/structure

A word is a block elementand mainly constitutes a control command. The word consists of the following two parts:

® Address characters: generally a letter

e Numerical value: a sequence of digits which with certain addresses can be added by a sign putin front of the address,

and a decimal point.
A positive sign (+) can be omitted.

The following picture shows an example ofthe word structure.

Word Word Word
' ' Address"
Address . Value Addressl Value . Value
1 1 1
Example: G1 X-20.1 F300
Traverse with Path or end- Feedrate:
Explanation: Linear position for the 300 mm/min
interpolation X axis: -20.1mm

Several address characters

A word can also contain several address letters. In this case, however, the numerical value mustbe assigned via the

intermediate character"=".
Example: CR=5.23

Additionally, itis also possible to call G functions using a symbolicname. For more information, see Section |'List of

instructions (Page 327)".
Example: SCALE; Enable scaling factor

Extended address

With the following addresses, the addressis extended by 1 to 4 digits to obtain a higher number of addresses. In this case,

the value mustbe assigned using an equality sign "=".

R Arithmetic parameters
H H function
I, J, K Interpolation parameters/intermediate point
M Special function M, affecting the spindle with other options
S Spindle speed

Examples:R10=6.234 H5=12.1 [1=32.67 M2=5 S1=400
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A.10 Character set

The following characters are used for programming. They are interpreted in accordance with the relevantdefinitions.

Letters, digits

A, B,C,D,E,F,G H,I,J, KL MNOP QR,STU VWXY,Z
0,1,2,3,4,5,6,7,8,9
No distinction is made between lowercase and uppercase letters.

Printable special characters

Inverted commas
Underscore (belongsto letters)

Open parenthesis
Close parenthesis

(

)

[ Open square bracket . Decimal point

] Close square bracket , Comma, separator

< less than ; Commentstart

> greaterthan % Reserved;do not use
Main block, end of label & Reserved;do not use

= Assignment, partof equation ! Reserved;do not use

/ skip $ System variable identifiers

* Multiplication ? Reserved; do notuse

+ Addition and positive sign ! Reserved; do notuse

- Subtraction, minus sign

Non-printable special characters

Lr End-of-block character
Blank Separator between words; blank
Tab character Reserved; do not use

A.11 Block format

Functionality

A block should contain all data required to execute a machining step.

Generally, a block consists of several words and is always completed with the e nd-of-block character "Lr" (Linefeed). When

writing a block, this characteris automatically generated when pressing the linefeed key on an externally connected
keyboard or pressing the following key on the PPU:

£

INPUT

See the following block structure diagram:

_ IN... Word 1 Word 2 Word n ; Comment L
T 1T 1717 T

Space Space Space e
(BLANK) End-of-block character

Block instructions only if required
is written at the end, delimited from the

Block number - stands in front of instructions; o
remaining part of the block by " ;"

Only as needed, instead of N, main blocks have

the symbol “ : “ (Colon)
Block skip;
only if necessary; stands at the beginning Total number of characters in a block: 512 characters

Programming and Operating Manual (Milling)
6FC5398-4DP10-0BA6, 09/2017

325



Word order

If there are severalinstructionsin a block, the following orderis recommended:
N...G.. X...Z...F...S.. T...D...M... H...

Note regarding block numbers

First selectthe block numbersin steps of 5 or 10. Thus, you can laterinsert blocks and nevertheless observe the ascending
order of block numbers.

Block skip

Blocks of a program, which are to be executed not with each program run, can be marked by a slash / in front of the block
number.

The block skip itself is activated via Operation (program control: "SKP") or by the programmable controller (signal). Asection
can be skipped by several blocks in successionusing" /".

If a block must be skipped during program execution, all program blocks marked with"/ " are not executed. All instructions
contained in the blocks concerned will not be considered. The program is continued with the next block withoutmarking.

Comment, remark

The instructionsin the blocks of a program can be explained using comments (remarks). Acommentalways starts with a

semicolon"; "and ends with end-of-block.
Comments are displayed together with the contents of the remaining block in the current block display.

Messages

Messages are programmed in a separate block. A message is displayed in a special field and remains active until a block
with a new message is executed or until the end of the program isreached. Up to 65 characters can be displayedin
message texts.

A message withoutmessage text cancels a previous message.
MSG ("THIS IS THE MESSAGE TEXT")

Programming example

N10 ; G&S company, order no. 12A71

N20 ; Pump part 17, drawing no.: 123 677
N30 ; Program created by H. Adam, Dept. TV 4
N40 MSG("DRAWING NO.: 123677")

:50 G54 F4.7 S220 D2 M3 ;Main block

N60 GO G90 X100 Zz200

N70 Gl Z185.6

N80 X112

/N90 X118 Z180 ; Block can be suppressed
N100 X118 z120

N110 GO G90 X200

N120 M2 ; End of program
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A.12

List of instructions

The functions marked with an asterisk (*) are active at the start of the program in the CNC milling variant, unless otherwise
they are programmed or the machine manufacturer has preserved the defaultsettings for the "milling"technology.

(in conjunction with a third axis and
TURN-=... also helixinterpolation ->see

under TURN)

Address Significance Value assignments | Information Programming
D Tool offsetnumber [0 ... 9, onlyinteger, |[Containscompensationdata |D...
no sign for a particulartool T... ; DO
indicates no compensation for
the tool, one tool activates 1~9
numbers, that is, one tool
carries at mostnine different
compensation data atthe
sametime.
F Feedrate 0.001 ... 99999.999 | Path velocity of a F..
tool/workpiece;
unit: mm/min ormm/revolution
depending on G94 or G95
F Dwelltime (inblock |0.001... 99999.999 | Dwell timein seconds G4 F...; separate block
with G4)
G G function Only integer, speci- | The G functions are divided G..
(preparatory func- fied values into G groups. Only one G or symbolicname, e.g.:
tion) function from one group can CIpP
be written in one block.
A G function can eitherbe
modal (until canceled by an-
other function from the same
group), or non-modal (only
effective for the block itis
written in).
G group:
GO Linearinterpolation atrapid traverse rate 1: Motion commands (type of | GO X... Y... Z... ; Cartesianin
interpolation), modally effec- | polarcoordinates:
tive GO AP=... RP=...
or with additional axis:
GO AP=... RP=... Z... ; e.g.:
with G17 axisZ
G1* Linearinterpolation atfeedrate G1X..Y..Z..F..
in polar coordinates:
G1AP=... RP=... F...
or with additional axis:
G1AP=._. RP=. Z. F...;
e.g.: withG17 axis Z
G2 Circularinterpolationin clockwise direction G2X...Y...l.. J...F... ;End

pointand center point

G2 X... Y... CR=... F... ; Radi-
us and end point

G2 AR=... ... J... F... ; Aper-
ture angle and center point
G2 AR=... X... Y... F... ; Aper-
ture angle and end pointin
polarcoordinates:

G2 AP=... RP=... F...

or with additional axis:

G2 AP=.. RP=.. Z...F...;
e.g.: withG17 axis Z
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Address Significance Value assignments | Information Programming

G3 Circularinterpolation in counter-clockwise G3 ... ; otherwise as for G2
direction (in conjunction with a third axis
and TURN-=... also helixinterpolation ->
see under TURN)

CIP Circularinterpolation through intermediate CIPX..Y..Z. N=.J1=.
point K1=... F...

CT Circularinterpolation; tangential transition N10...

N20CT X... Y... F... icircle,
tangential transition to the
previous path segment

G33 Thread cutting, tapping with constant pitch S... M... ;Spindle speed, direc-
tion G33 Z... K...; Thread drill-
ingwith compensating chuck,
e.g.in Z axis

G331 Thread interpolation N10SPOS=... ; Spindlein
position control
N20G331 Z... K... S... ; tap-
ping withoutcompensating
chuck e.g. in Zaxis; RH or LH
thread is defined via the sign
of the pitch (e.g. K+):
+: as with M3
- : as with M4

G332 Thread interpolation - retraction G332 Z... K... ;Rigid tapping,
e.g.in Z axis, retraction mo-
tion; sign of pitch as for G331

G4 Dwelltime 2: Special motions, non-modal | G4 F...;separate block, F:
Time in seconds
or
G4 S.... ;separate block, S: in
spindle revolutions

G63 Tapping with compensating chuck G63Z... F...S... M...

G74 Reference pointapproach G74 X=0 Y=0 Z=0; separate
block, (machine axis identifi-
erl)

G75 Fixed pointapproach G75 X=0 Y=0 Z=0; separate
block, (machine axis identifi-
er!)

G147 SAR - Approach with a straightline G147 G41 DISR=... DISCL-=...
FAD=... F... X... Y... Z...

G148 SAR - Retract with a straight line G148 G40 DISR=... DISCL-=...
FAD=...F... X... Y... Z...

G247 SAR - Approach with a quadrant G247 G41 DISR=... DISCL=...
FAD=... F... X... Y... Z...

G248 SAR - Retract with a quadrant G248 G40 DISR=... DISCL=...
FAD=... F... X... Y... Z...

G347 SAR - Approach with a semicircle G347 G41 DISR=... DISCL=...
FAD=...F... X... Y... Z...

G348 SAR - Retract with a semicircle G348 G40 DISR=... DISCL=...
FAD=...F... X... Y... Z...

TRANS Translation, programmable 3: Write memory,non-modal | TRANS X... Y... Z...; separate

block
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offset

Address Significance Value assignments | Information Programming
ROT Rotation, programmable ROT RPL=...; rotationin the
current plane G17 to G19,
separate block
SCALE Programmable scaling factor SCALE X... Y... Z... ; scaling
factor in the direction of the
specified axis, separate block
MIRROR Programmable mirroring MIRROR X0; coordinate axis
whose directionis changed,
separate block
ATRANS Additive translation, programming ATRANS X... Y... Z... ; sepa-
rate block
AROT Additive programmable rotation AROT RPL=... ; rotationin the
current plane G17 to G19,
separate block
ASCALE Additive programmable scaling factor ASCALE X... Y... Z..;; scaling
factor in the direction of the
specified axis, separate block
AMIRROR | Additive programmable mirroring AMIRROR X0 ; coordinate
axis whose direction is
changed, separate block
G110 Pole specification relative to the last pro- G110 X... Y... ; Pole specifica-
grammed setpoint position tion, Cartesian, e.g.: for G17
G110 RP=... AP=... ; Pole
specification, polar, separate
block
G111 Pole specification relative to origin of cur- G111 X... Y... ; Pole specifica-
rent workpiece coordinate system tion, Cartesian, e.g.: for G17
G111 RP=... AP=... ; Pole
specification, polar, separate
block
G112 Pole specification, relative to the last valid G112 X... Y... ; Pole specifica-
POLE tion, Cartesian, e.g.: for G17
G112 RP=... AP=... ; Pole
specification, polar, separate
block
G17* XIY plane 6: Plane selection, modally G17 .... ; Vertical axis on this
effective planeis tool length
G18 Z/X plane
G19 Y/Z plane Compensation axis
G40~ Tool radius compensation OFF 7: Tool radius compensation,
G41 Tool radius compensation leftof contour | Modally effective
G42 Tool radius compensation rightof contour
G500 * Settable work offset OFF 8: Settable work offset, modal-
G54 1. Settable work offset ly effective
G55 2. Settable work offset
G56 3. Settable work offset
G57 4. Settable work offset
G58 5. Settable work offset
G59 6. Settable work offset
G53 Non-modal skipping ofthe settable work 9: Suppression of settable

work offset, non-modal
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Address Significance Value assignments | Information Programming
G153 Non-modal skipping of the settable work
offset including base frame
G60 * Exact stop 10: Approach behavior, mo-
Go64 Continuous-path mode dally effective
G62 Cornerdeceleration atinside corners when | Only in conjunction withcon- | G62 Z... G1
tool radius offset is active (G41, G42) tinuous-path mode
G9 Non-modal exactstop 11: Exact stop, non-modal
G601 * Exact stop window, fine, with G60, G9 12: Exact stop window, modal-
G602 Exact stop window, coarse, with G60, G | Y effective
G621 Cornerdeceleration atall corners Only in conjunction with con- [ G621 AIDS=...
tinuous-path mode.
G70 Inch dimension data input 13: Inch/metricdimension
G71* Metric dimension data input input, modally effective
G700 Inch dimension data input; also for
feedrate F
G710 Metric dimension data input; also for
feedrate F
G90 * Absolute dimension data input 14: Absolute/incremental di-
G91 Incremental dimension data input mension, modally effective
Go94~ Feed Fin mm/min 15: Feedrate/spindle, modally
G95 Feedrate F in mm/spindle revolutions effective
CFC~* Feedrate override with circle ON 16: Feed override, modally
CFTCP Feedrate override OFF effective
G450 * Transition circle 18: Behavior at corners when
G451 Point of intersection working with tool radius com-
pensation, modally effective
BRISK* Jerking path acceleration 21: Acceleration profile, mo-
SOFT Jerk-limited path acceleration dally effective
FFWOF * Feedforward control OFF 24: Feedforward control, mo-
FFWON Feedforward control ON dally effective
EXTCALL Execute external subprogram Reload program from HMlin
"Execution from external
source" mode.
G340 * Approach and retraction in space (SAR) 44: Path segmentation with
G341 Approach and retraction in the plane (SAR) | SAR, modally effective
G290 * SIEMENS mode 47: External NC languages,
G291 External mode modally effective
H H function +0.0000001 ... Value transfer to the PLC; HO=... H9999=...
99999999 meaning defined by the ma-
HO= (8 decimal places) [ chine manufacturer e.g.: H7=23.456
to or with specification
H9999= of an exponent:
+(10-300 . 1(Q*300 )
| Interpolation param- | £0.001 ... 99 Belongsto the X axis; mean- |See G2, G3, G33, G331 and
eters 999.999 ingdependenton G2, G3 - G332
Thread: >circle center or G33, G331,
0.001... 2000.000 [G332 ->thread pitch
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Address Significance Value assignments | Information Programming
J Interpolation param- | £0.001 ... 99 Belongsto the Y axis; other- See G2, G3, G33, G331, and
eters 999.999 wise, as with | G332
Thread:
0.001 ... 2000.000
K Interpolation param- | £0.001 ... 99 Belongsto the Z axis; other- See G2, G3, G33, G331, and
eters 999.999 wise, as with | G332
Thread:
0.001... 2000.000
1= Intermediate point +0.001 ... 99 Belongsto the X axis; specifi- | See CIP
for circularinterpola- | 999.999 cation for circularinterpolation
tion with CIP
J1= Intermediate point +0.001 ... 99 Belongsto the Y axis; specifi- | See CIP
for circularinterpola- [ 999.999 cation for circularinterpolation
tion with CIP
K1= Intermediate point +0.001 ... 99 Belongsto the Z axis; specifi- | See CIP
for circularinterpola- [ 999.999 cation for circularinterpolation
tion with CIP
L Subroutine;name 7 decimals; Instead of a free name, itis L781; separate block
and call integeronly, no sign | also possible to select L1
...L9999999;
this also calls the subroutine
(UP) in a separate block.
Please note: L0001 is not
alwaysequalto L1.
The name "LL6"is reserved
for the tool change subroutine.
M Additional function [0 ... 99 For example, for initiating M...
onlyinteger, nosign [ switching actions, such as
"coolantON", maximum five M
functions per block.
MO Programmed stop The machiningis stopped at
the end of a block containing
MO; to continue, press the
following key:
M1 Optional stop As with MO, but the stop is
only performed if a special
signal (Program control:
"M01") is present.
M2 End of main program with return to begin- [ Canbe foundin the last block
ning of program of the processing sequence
M30 End of program (as M2) Canbe foundin the last block
of the processing sequence
M17 End of subroutine Canbe foundin the last block
of the processing sequence
M3 CW rotation of spindle
M4 CCW rotation of spindle
M5 Spindle stop
M6 Tool change Only if activated with M6 via
the machine control panel;
otherwise, change directly
using the T command
M40 Automatic gear stage changeover
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Address Significance Value assignments | Information Programming
M41 to M45 | Gear stage 1 to gearstage 5
M19 Spindle positioned at0 degree
M70 Spindle switched to the axis mode
M... Remaining M functions Functionality is not defined by
the control system and can
therefore be used by the ma-
chine manufacturerfreely
N Block number- 0 ... 99999999 Can be used to identify blocks [ N20 ...
subblock onlyinteger, no sign | with a number;is written at the
beginning ofa block
Block numberofa 0 ... 99999999 Special block identification, 20 ...
main block onlyinteger, no sign | usedinstead of N... ; such a
block should contain all in-
structions for a complete sub-
sequentmachining step.
P Number ofsubrou- 1...9999 Is used if the subroutineisrun [N10L781P... ; separate block
tine passes onlyinteger, nosign | severaltimes andis contained | N10L871 P3 ; three cycles
in the same block as the call
RO Arithmeticparame- |+ 0.0000001 ... R1=7.9431R2=4
to ters 9999 9999 with specification ofan expo-
R299 (8 decimal places) nent:
or with specification R1=-1.9876EX9; R1=-1987
of an exponent: 600000
+ (10-300 ., 1(Q+300)
Arithmeticfunctions In addition to the 4 basic
arithmetic functions using the
operands + - * /, there are the
following arithmetic functions:
SIN() Sine Degrees R1=SIN(17.35)
COS() Cosine Degrees R2=COS(R3)
TAN() Tangent Degrees R4=TAN(R5)
ASIN() Arc sine R10=ASIN(0.35); R10: 20.487
degrees
ACOS() Arc cosine R20=ACOS(R2); R20: ...
Degrees
ATAN2(,) |Arctangent2 The angle of the sum vectoris [ R40=ATAN2(30.5,80.1) ; R40:
calculated from 2 vectors 20.8455 degrees
standing vertically one on
another. The 2nd vector speci-
fied is always used for angle
reference.
Resultin the range:-180 to
+180 degrees
SQRTY() Square root R6=SQRT(R7)
POT() Square R12=POT(R13)
ABS() Absolute value R8=ABS(R9)
TRUNC() Truncate to integer R10=TRUNC(R11)
LN() Natural logarithm R12=LN(R9)
EXP() Exponential function R13=EXP(R1)
RET Subroutine end Used instead of M2 - to main- | RET ; separate block

tain the continuous-path con-
trol mode
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Address Significance Value assignments | Information Programming
S.. Spindle speed 0.001 ... 99999.999 | Unit of measurementofthe S..
spindle speed rpm

S Dwelltime 0.001 ... 99999.999 | Dwelltime in spindle revolu- G4 S... ; separate block
in block with G4 tions

T Tool number 1...32000 The tool change can be per- T..

onlyinteger, nosign | formed eitherdirectly using
the T command or only with
M6. This can be setin the
machine data.
X Axis +0.001 ... 99 Positional data X...
999.999
Y Axis +0.001 ... 99 Positional data Y..
999.999
4 Axis +0.001 ... 99 Positional data Z...
999.999
AC Absolute coordinate |- The dimension canbe speci- |N10G91 X10 Z=AC(20) ;X -
fied for the end or center point | incremental dimension,
of a certain axis, irrespective Z - absolute dimension
of G91.

ACClaxis] Percentage acceler- |1 ... 200, integer Acceleration override foran N10 ACCI[X]=80 ;for the X axis

ation override axis or spindle; specifiedasa |80%
percentage N20 ACCIS]=50;for the spin-
dle: 50%

ACP Absolute coordinate; | - It is also possible to specify N10 A=ACP(45.3) ;approach
approach positionin the dimensions for the end absolute position of the A axis
the positive direction pointof a rotary axis with in
(for rotary axis, ACP(...) irrespective of the positive direction
spindle) G90/G91; also appliesto N20 SPOS=ACP(33.1)

spindle positioning ;position spindle

ACN Absolute coordinate; | - It is also possible to specify N10 A=ACN(45.3) ;approach
approach positionin the dimensions for the end absolute position of the A axis
the negative direc- pointof a rotary axis with in
tion ACN(...) irrespective of the negative direction
(for rotary axis, G90/G91; also appliesto N20 SPOS=ACN(33.1)
spindle) spindle positioning ;position spindle

ANG Angle for the specifi- [ £0.00001 ... Specified in degrees;one N10G1 G17 X... Y....
cation of a straight [ 359.99999 possibility of specifying a N11X... ANG=...
line for the contour straight line when using GO or | or contour over several blocks:
definition G1 if onlyone end-pointcoor- [N10G1 G17 X... Y....

dinate of the planeis knownor | N11 ANG=...
if the complete end pointis N12X... Y... ANG=...
known with contourranging
over several blocks
AP Polarangle 0 ... +359.99999 Specificationin degrees, trav- | See G0, G1, G2; G3, G110,
ersing in polar coordinates, G111, G112
definition of the pole;in addi-
tion: Polarradius RP

AR Aperture angle for 0.00001 ... Specified in degrees;one See G2, G3

circularinterpolation | 359.99999 possibility of defining the circle
when using G2/G3
CALL Indirect cycle call - Special form of the cycle call; | N10 CALL VARNAME ; varia-

no parameter transfer; the
name of the cycle is stored in
avariable;

onlyintended for cycle-internal
use

ble name
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Address Significance Value assignments | Information Programming
CHF Chamfer; general 0.001... 99999.999 | Inserts a chamfer of the speci- | N10 X... Y.... CHF=...
use fied chamfer length between | N11X... Y...
two contour blocks
CHR Chamfer;in the 0.001... 99999.999 | Inserts a chamfer of the speci- | N10 X... Y.... CHR=...
contour definition fied side length betweentwo | N11X... Y...
contour blocks
CR Radius for circular 0.010... 99999.999 [ One possibility of defining a See G2, G3
interpolation Negative sign - for [ circle when using G2/G3
selecting the circle:
greaterthan semi-
circle
COMPCAD | Compressor ON: Effective: Modal COMPCAD; separate block
Optimum surface
quality for CAD
programs
COMPCUR [ Compressor ON: Effective: Modal COMPCURYV; separate block
V Polynomials with
constant curvature
COMPOF Compressor OFF Effective: Modal COMPOF; separate block
COMPON Compressor ON Effective: Modal COMPON; separate block
CYCLE... Machining cycle Only specifiedval- | Call of machining cycles re-
HOLES... ues quires a separate block, the
POCKET... provided transfer parameters
SLOT... mustbe assigned values,
special cycle calls are possible
with additional MCALL or
CALL
CYCLES81 Drilling, centering N5 RTP=110RFP=100.... ;
Assign with values
N10 CYCLE81(RTP,RFP, ...);
separate block
CYCLES82 Drilling, counterboring N5 RTP=110RFP=100.... ;
Assign with values
N10 CYCLE82(RTP,RFP, ...);
separate block
CYCLES83 | Deep-holedrilling N10 CYCLE83(110,100,...)
;or transfer values directly;
separate block
CYCLE84 [Rigidtapping N10 CYCLES84(...) ;separate
block
CYCLE840 | Tappingwith compensating chuck N10 CYCLEB840(...); separate
block
CYCLE85 [Reaming1 N10 CYCLES85(...) ; separate
block
CYCLES86 Boring N10CYCLES8G6(...) ; separate
block
CYCLES802 | Arbitrary positions N10 CYCLES802(...) ; separate
block
HOLES1 Row of holes N10HOLES1(...); separate
block
HOLES2 Circle of holes N10 HOLES2(...); separate
block
SLOT1 Mill slot N10 SLOT1(...); separate
block
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Address Significance Value assignments | Information Programming
SLOT2 Mill a circumferential slot N10SLOTZ2(...); separate
block
POCKET3 [Rectangularpocket N10 POCKETS3(...); separate
block
POCKET4 | Circular pocket N10 POCKET4(...); separate
block
CYCLET1 Face milling N10CYCLE71(...); separate
block
CYCLE72 Contour milling N10 CYCLE72(...); separate
block
CYCLE76 Milling the rectangular spigot N10CYCLE76(...) ; separate
block
CYCLET77 Circular spigotmilling N10CYCLET77(...) ; separate
block
CYCLE90 | Thread milling N10 CYCLE90(...); separate
block
LONGHOLE | Elongated hole N10 LONGHOLE(...); separate
block
CYCLES832 | High speed settings N10 CYCLES832(...); separate
block
DC Absolute coordinate; | - It is also possible to specify N10 A=DC(45.3); Approach
approach position the dimensions for the end absolute position of the A axis
directly (for rotary pointof a rotary axis with directly
axis, spindle) DC(...) irrespective of N20 SPOS=DC(33.1); Position
G90/G91; also applies to spindle
spindle positioning
DEF Definition instruction Defining a user variable of the | DEF INT VARI1=24, VARIZ;
BOOL, CHAR, INT, REAL, two variables of the INT type;
STRINGIn] type; define direct- | name defined by the user
ly atthe beginning ofthe pro- | DEF STRING[12]
gram VARS3="HELLO" ; max. 12
characters
DISCL Approach/retraction |- Safety clearance for speed See G147, G148, G247,
distance of infeed switchover for infeed motion; | G248, G347, G348
motion for machining note: G340, G341
plane (SAR)
DISR Approach/retraction |- G147/G148: Distance of the See G147, G148, G247,
distance or radius cutter edge from the starting G248, G347,G348
(SAR) or end point of the contour
G247,G347/G248, G348:
Radius of the tool center
pointpath
FAD Velocity for the in- - Speed takes effect after the See G147,G148, G247,
feed (SAR) safety clearance is reached for | G248, G347, G348
the infeed;
note: G340, G341
FRC Non-modal feedrate |0, >0 When FRC=0, feedrate F will | For the unit, see F and G94,
for chamfer/rounding act G95;
for chamfer/rounding, see
CHF, CHR, RND
FRCM Modal feedrate for 0,>0 When FRCM=0, feedrate F For the unit, see F and G94,

chamfer/rounding

will act

G95;
for rounding/modal rounding,
see RND,RNDM
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Address Significance Value assignments | Information Programming

GOTOB GoBack instruction | - A GoTo operationis per- N10LABEL1: ...

formed to a blockmarked by a | ...
label;the jump destinationis [ N100 GOTOB LABEL1
in the direction of the program

start.

GOTOF GoForwardinstruc- |- A GoTo operation is per- N10 GOTOF LABEL2

tion formed to a blockmarkedby a | ...
label; the jump destinationis | N130 LABELZ2: ...
in the direction of the end of
the program.

IC Coordinate specified The dimension can be speci- | N10G90 X10 Z=IC(20); Z -
using incremental fied for the end or center point | incremental dimension, X -
dimensions of a certain axis irrespective of | absolute dimension

G90.
IF Jump condition - If the jump conditionisfulfilled, | N10 IF R1>5 GOTOF LABEL3
the jump to the block with
Label:is performed, other- N80 LABELS3: ...
wise, next instruction/block;
several IF instructions per
block are possible
Relational operators:
== equal, <> not equal, >
greaterthan, < lessthan, >=
greaterthan or equal to, <=
less than or equal to

MEAS Measuring with +1 =+1: Measuringinput 1, rising [NTOMEAS=-1G1X...Y... Z...
deletion of distance- | .4 edge F..
to-go =-1: Measuring input1, falling

edge

MEAW Measuring without | +1 =+1: Measuring input1, rising [ N10 MEAW=-1 G1 X... Y... Z...
deletion of distance- | .1 edge F..
to-go =-1: Measuring input1, falling

edge

$A_DBB[n] |Data byte Reading and writing PLC N10 $A_DBR[5]=16.3 ; Write

$A_DBWIn] | Data word variables Real variables; with offset

$A_DBDI[n] | Data double-word position 5; (position, type and
$A_DBR[n] |Realdata meaning are agreed between
NC and PLC)

$AA_MM[ax | Measurementresult |- Axis: ldentifier of an axis (X, Y, [ N10 R1=$AA_MM[X]

is* for an axis inthe Z ..) traversing when measur-
machine coordinate ing
system

$AA_MWI[ax [ Measurementresult |- Axis: Identifier of an axis (X, Y, [ N10 R2=$AA_MWI[X]

/8] for an axis inthe Z ..) traversing when measur-
workpiece coordi- ing
nate system
Timerfor runtime: 0.0 ... 10+300 System variable: N10IF

$A.._._Tl | SAN_SETUP_TIME | min (value read- Time since the control system [$AC_CYCLE_TIME==50.5....

ME $AN_POWERON_TI last booted

ME
$AC_OPERATING_
TIME
$AC_CYCLE_TIME
$AC_CUTTING_TIM
E

only)

min (value read-
only)

S
S
S

Time since the control system
last booted normally

Total runtime of all NC pro-
grams

Runtime ofthe NC program
(only of the selected program)
Tool actiontime
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Address Significance Value assignments | Information Programming
Workpiece counter: |0 ... 999 999999, System variable: N10IF
$AC_..._PA [$SAC_TOTAL_PART |[integer Total actual count $AC_ACTUAL_PARTS==15
RTS S Set number of workpiece
$AC_REQUIRED_P Currentactual count
ARTS Countof workpieces - speci-
$AC_ACTUAL_PAR fied by the user
TS
$AC_SPECIAL_PAR
TS
$AC_MEA[1 | Measuring task - Default condition: N10IF SAC_MEAS[1]==
] status 0: Default condition, probe did | GOTOF .... ; Continue pro-
not switch gram when probe has
1: Probe switched switched ...
$P_TOOLN | Numberofthe active | - read-only N10IF $P_TOOLNO==12
(0] tool T GOTOF ...
$P_TOOL Active D numberof |- read-only N10IF $P_TOOL==1 GOTOF
the active tool
MCALL Modal subprogram | - The subroutine in the block N10 MCALL CYCLES82(...);
call containing MCALL is called Separate block, drilling cycle
automatically aftereachsuc- | N20 HOLES1(...); Row of
cessive block containing a holes
path motion. The call acts until | N30 MCALL; Separate block,
the next MCALL is called. modal call of CYCLE82(...)
Application example: Drillinga | completed
hole pattern
MSG () Signal Max. 65 characters | Message text ininverted N10 MSG("MESSAGE
commas TEXT"); separate block
N150 MSG() ; Clear previous
message
OFFN Dimension specifica-| - Only effective with the tool N10 OFFN=12.4
tion radius compensation G41,
G42 active
RND Rounding 0.010... 99999.999 | Inserts a rounding with the N10X... Y... RND=4.5
specified radius value tangen- | N11X... Y...
tially between two contour
blocks, special FRC=... feed
possible
RNDM Modal rounding 0.010... 99999.999 | e Inserts roundingswiththe |N10X... Y... RNDM=.7.3;
specified radius value tangen- | modal rounding ON
tially at the following contour | N11X... Y...
0 corners; special feedrate pos- | ....
sible: FRCM= ... N100 RNDM=.0; modal round-
e Modalrounding OFF ing OFF
RP Polarradius 0.001 ... 99999.999 | Traversingin polar coordi- See GO0, G1, G2; G3, G110,
nates, pole specification;in G111, G112
addition: Polarangle AP
RPL Angle of rotation +0.00001 ... Specification in degrees;angle | See ROT, AROT
with ROT, AROT 359.9999 for a programmable rotation in

the current plane G17 to G19




Address Significance Value assignments | Information Programming

SET(,,,) Set values for the SET: Variousvalues, from the | DEF REAL
variable fields specified elementup to: ac- VAR2[12]=REP(4.5); all ele-

REP() cording to the numberofval- | mentsvalue4.5

ues N10R10=SET(1.1,2.3,44);
REP: the same value, from the | R10=1.1,R11=2.3, R4=4 .4
specified elementup to the

end of the field

SF Thread starting point | 0.001 ... 359.999 Specified in degrees; the See G33
when using G33 thread starting pointwith G33

will be offset by the specified
value (not applicable for tap-
ping)

SPI(n) Converts the spindle n=1,
numberninto the axis identifier:e.g. "SP1" or
axis identifier "C"

SPOS Spindle position 0.0000 ... 359.9999 | Specified in degrees;the N10 SPOS=....

with incremental spindle stops at the specified [ N10SPOS=ACP(...)

specification (IC): position (to achieve this, the N10 SPOS=ACN(...)

+0.001 ... 99 spindle mustprovidetheap- [ N10SPOS=IC(...)

999.999 propriate technical prerequi- N10 SPOS=DC(...)
sites: position control

STOPFIFO | Stops the fast ma- - Special function;filling of the STOPFIFO; separate block,
chining step buffer memory until start of filling

STARTFIFO, "Buffer memory |N10X...
full" or "End of program"is N20 X...
detected.

STARTFIFO | Start of fast machin- |- Special function; the buffer N30 X...
ing step memory isfilled at the same STARTFIFO ;separate block,

time. end of filling

STOPRE Preprocessingstop |- Special function; the next STOPRE ; separate block

blockis only decoded ifthe
block before STOPRE is com-
pleted.

TURN Numberofadditional | 0 ... 999 In conjunction with circular N10G0 G17 X20Y5 Z3
circle passes with interpolation G2/G3 in a plane | N20G1 Z-5 F50
helixinterpolation G17 to G19 and infeed motion [ N30 G3 X20Y5 Z-20 10 J7.5

of the axis vertical to this TURN=2; total of three full
plane circles

TRACYL Milling of the periph- Kinematic transformation TRACYL(20.4); Separate
eral surface (available onlyif configured block; Cylinderdiameter: 20.4

accordingly) mm
TRACYL(20.4,1); also possi-
ble

TRAFOOF Disable TRACYL Disables kinematic transfor- TRAFOOF ; separate block

mation

TRAILON Coupled motion ON Activates and defines a cou- TRAILON(W,X,1) ; separate

pled axis group block; coupled-motion axis: W,
leading axis: X, coupling fac-
tor: 1
TRAILOF Coupled motion OFF Deactivates a coupled axis TRAILOF(W,X) ; separate
group block
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