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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 T (Turning) V4.8.1.2: PPU16x.3/PPU15x.3 with spindle/feed servo system
SINUMERIK 808D (Turning) 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 of turning 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
personnel

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 D ocumentation Manager (MDM)
Under the following link you will find information to individually compile 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.

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&suppori.

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

AWARNING

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.

e Observe the safety instructions given in the hardware documentation.
e Considertheresidualrisks 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.
e Protect the parameterization (parameter assignments) againstunauthorized access.

e 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 only intended 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.

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017 7



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 againstcyber threats, it is 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\ warRniNG

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.

e Incorporate the automation and drive componentsinto 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.

o Protectfiles stored on exchangeable storage media from malicious software by with suitable protection measures, e.g.
virus scanners.
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2

Introduction

Note

Chapter 'Machining typical turning parts|(Page 225)" 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
PPU151.3 Turning variant Horizontal panel, with Englishkeys | SINUMERIK 808D ADVANCED T (Turning)
Horizontal panel, with Chinese keys
Milling variant Horizontal panel, with Englishkeys | 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 Englishkeys | SINUMERIK 808D (Turning)

Horizontal panel, with Chinese keys

Milling variant

Horizontal panel, with English keys

Horizontal panel, with Chinese keys

SINUMERIK 808D (Milling)
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212 PPU control elements

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

SIEMENS SINUMERIK 0 SIEMENS

SIEMENS

PV s
0.600 8% /T 4

o
0.000 o008 mm Eoam
0008 mm/min

8%

S

SINUMERIK

wines
2015/05/21
SIEMENS

e —
ot

%
mm/min
0%

Aot vl
Xl Mach(MCs)

XN N I T I I =

@ Status indicators

® Protective cover for USB interface

@ USB interface

® Horizontal and vertical keys

Call the corresponding vertical/horizontal softkeys on
the screen

® Return key

Returnsto the next higher-levelmenu
® Menu extension key

Callsthe extended menuitems
@ Alphabetic and numeric keys

Additional information about keys

Alarm cancellation key

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

Wizard key

Guides you through performing basic commissioning
and operation tasks

Help key
Calls help information
Cursor keys

Modifier keys for use in key combinations

Edit control keys

Operating area keys

<CTRL + P>: Creates a screenshotof the actual user interface
P
©
S <CTRL + S>: Saves startup archives and action logs to a USB stick
S 3
i <CTRL + D>: Displays pre-defined slides on the screen
Dm <ALT + D>: Saves action logs to a USB stick
Programming and Operating Manual (Turning)
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Calls the calculator function when you position the cursoron the desired inputfield

<CTRL + cursor key>: Changes the screen backlightbrightness by an incrementof10% (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

o 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 o
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 instop mode.
e Flashingorange: The PLCis in power-up mode.
"TEMP" o Off: The temperature ofthe control system is within the specified scope.
e Solid orange: The temperature of the control system is beyond the scope.

Programming and Operating Manual (Turning)
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21.3 Screen layout

v LS
M 2
NC:\MPF@

Status area

Application area

Tip
and softkey area

SIEMENS ¢

16:27:32
2015/05/15

function
Axis
feedrate
counter
REL

Act. val.
Work(LWCS

Act. val.
Bl Mach(Mcs)

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

400006 1 @ Loss of remanent PLC data --:~-

Displays active alarms with alarm text

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.

Displays messages from NC programs

READY TO START
Messages from NC programs do not have
numbers and appearin green lettering.
Programming and Operating Manual (Turning)
12 6FC5398-5DP10-0BA6, 09/2017




2.2

221 MCP versions

Machine Control Panels (MCPs)

MCP version

Applicable control system

Horizontal MCP, with English keys and override switches
Horizontal MCP, with Chinese keys and override switches

Vertical MCP, with English keys and a reserved slot for the
handwheel

Vertical MCP, with Chinese keys and a reserved slot for
the handwheel

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

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

All MCP variants are applicable to any of the following
control systems:

SINUMERIK 808D ADVANCED T (Turning)
SINUMERIK 808D ADVANCED M (Milling)
SINUMERIK 808D (Turning)

SINUMERIK 808D (Milling)

Horizontal MCP, with Chinese keys and a reserved slot for
the handwheel

This MCP variantis applicable to the following control
systems:

SINUMERIK 808D ADVANCED T (Turning)
SINUMERIK 808D (Turning)

222 MCP control elements

Horizontal MCP

e Variant with override switches
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Vertical MCP

e Variant with an override switch for the spindle o Variant with a reserved slot for the handwheel

70\ | 10
A3 /

e 60 110

50

%

O) Reserved hole for emergency stop button ® Spindle control keys
® Tool number display Keys for program start, stop, and reset
Displays the number ofthe currently active tool
® Operating mode selection area @ Pre-defined labeling strips for keys of the MCP
@  Program control keys @ Reservedslotfor the handwheel
® User-defined keys ® Spindle override control keys
® Axis traversing keys Feedrate override control keys
@ Spindle override switch ® Keys for increment override/rapid traverse override*
Feedrate override switch

* The incrementoverride can be activated in "JOG" mode, "Handwheel"mode, or "AUTO"/"MDA" mode with the contour
handwheel activated. The rapid traverse override is effective onlyin "AUTO"/"MDA" mode with no contour handwheel ac-
tivated. The "FO G00" key can activate a rapid traverse override of 1% by default, which can be changed in the general
machine data 12050[1], for example, 12050[1]=0.15as 15%.

Functions of user-defined keys

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

LX%P Indicatoron: 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':E Indicatoron: The coolantsupply is switched on.
COOLANT

Indicator off: The coolantsupply is switched off.

Enables/disables the sequential tool changes (active only when the machine isin "JOG" mode)
Indicator on: The machine starts sequential tool changes.
CHANGE

Indicator off: The machine stops sequential tool changes.

Controls the clamping/unclamping ofthe workpiece by the chuck (active only when the machineisin "JOG"
113 mode and the spindle has stopped running)

CHUGK Indicator on: The chuck has clamped the workpiece.

Indicator off: The chuck has unclamped the workpiece.

Controls the internal/external clamping ofthe workpiece by the chuck (active only when the spindle has
:M%é“ stopped running)

INTHEXE Indicator on: The chuck has clamped the workpiece externally.

Indicator off: The chuck has clamped the workpiece internally.

Programming and Operating Manual (Turning)
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Enables/disables the tailstock to hold the workpiece tightly (active only when the machineisin "JOG" mode)

9 Indicator on: The tailstock moves towards the workpiece until it holds the workpiece tightly.
TAILSTOCK|

Indicator off: The tailstock retracts from the workpiece to its original position.
K1 to K5, | Reservedkeys.

K710 K12 | you can define the functions of these keys in PLC Programming Tool. Formore information, see the
SINUMERIK 808D/SINUMERIK 808D ADVANCED Commissioning Manual.

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) s 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.

Note
For the horizontal MCP variantwith a reserved slot for the handwheel, no pre-defined labeling strip is provided.

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

@ ®

A A

r ~N s ~
T1 T2 T3 T4 T5 T6 M1 M2 M3 M4 M5 M6
- a ® @
ol & o) o |l & oo bl
LAMP | | COOLANT [ | cHANGE X LAMP | |COOLANT DOOR Z Y
2 @ < (/]
0K | |eus, || O «— | [VV|[— S |[Be| B «— ||V | "=~
CHUCK INT. EXT. | | TAILSTOCK Z RAPID Z MAGCW | | MAGREF | | MAG cCW X RAPID X
s n¥s
k7 || k8 || ko { B0 | |89 | ko FEIR!
X CHIPFWD | | CHIP REV b4 z
—_— | | —> | | —> —_— (| —> || —>
K10 || K11 || K12 1 10 || 100 K10 [| & || K32 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 "\lexamples\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 labels in 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.

Note
The MCP information described in this manual is valid for the SINUMERIK 808D MCP.
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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 machine type. It can be rotated in different
positions.

The directions of the axes follow the Cartesian coordinate system. Seen from the front of the machine, the middle finger of
the right hand pointsin the opposite direction to the infeed of the spindle.

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

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

Programming and Operating Manual (Turning)
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Workpiece coordinate system (WCS)
WCS refers to the coordinate system which is used to describe the geometry of a workpiece in the workpiece program.

The origin of the coordinate system:the X axisis set at the rotating center of the workpiece while the Z axis is set at the
surface of the workpiece.

Relative coordinate system (REL)

In addition to the machine and workpiece coordinate systems, the 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.

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 default passwords 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 FEditing programs

e Setting offset values

® Measuringtools

Protection level 7

If you have not set the password or protection level interface signal, the system sets the protection level to 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 menus listed below the inputand modification of data depends on the set protection level:

® Tool offsets

e Work offsets

e Setting data
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® Program creation/program correction

The numberofmachine 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...).

Setting the password

{} ﬂj§§

SHIFT + | ALARM

Set
password

v
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 !

WOW WKW W KK

Confirm the input.

Changing/deleting the password

Note

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

SYSTEM
oA
SHIFT + | ALARM

Change
password

Accept

v
Accept

Delete
password

18

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 !

HRHKEKKK KR

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 !

WOW WKW W KK

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 changingimportantdata, 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.

¢ 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.

I 1 > 1 1 —
IMI REF.POINT IMI REF.POINT
NC:\MPF® NC:\MPF@

% Reset # Reset

MCS MCS

MX1 @ MX1 ©

—> next to the axis identifier.
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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 chapterfor setting up tools.

Operating sequence

G SVZ':\ 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.
ged o Selection of user interface language
Simpl. Chinese b3 [fafEE] *
English English *
v 4. Press this softkey to confirm your selection and the system is automatically restarted to
oK activate the selected language.

6 Setting up 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 tool in the tool list and proceed with
the tool setting operations.

Operating sequence

1_?' 1. Select the offset operating area.
OFFSET
2. Open the tool list window.
Tool
list
News 3. Open the lower-level menu for tool type selection.
tool
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tool
Grooving
tool

Drilling
tool

Tapping
tool

Milling
tool

Button
tool

4.

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

Enter the tool numberand then select the corresponding tool edge position code in the
following window according to the actual tool tip direction, the actual positive directions of
the machine axes X and Z, as well as the description abouttool edge positions giveninthe
illustration under the screenshot below.

New turning tool

Tool No.: 1
Edge position 3
AR P2 SN =N N - T

Identifier
Turning tool

Note:

The tool tip direction is the result of the correct tool settings as well as the loading orienta-
tion of the tool. The proper selection of tool edge positions has a directinfluence on the
correct tool nose radius compensation.

@ Tool edge position (compensation point)

+ Tool nose center point
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v 6. Press this softkey to confirm your settings. The window below shows the information ofthe

0K new tool created. Set the desired tool datain this window.
REL wes MCS
X 0.000 X 0.000 MX1 0.000
2 0.000 2 0.000 M21 0.000
SP 0.000 SP 0.000 MSP1 0.000

0@ @ ©® 6

Type T DH LengthX LengthZz Radius Cle.ang. Tip wid. &
o} 1 1 @ 0.000 ©0.000 0.000 0.0 0.000 3

o Column @ indicates the tool offset numberin Siemens mode.

e Column @ indicates the tool offset numberin ISO mode.

e Column @ (clearance angle) s visible only when you set bit 18 of MD19730[0]to 1
(MD19730[0]= 40000H). Note that MD 19730 is visible only with the manufacturer
password. Currently the clearance angle function can work only when the optional
Manual Machine Plus function is licensed and activated. For more information aboutthe
clearance angle, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED Function
Manual.

e Column @ is settable only for grooving tools.

e Column ®isthe inputfield for tool edge position codes.

7. Press this key to confirm your settings.

INPUT

6.2 Creating/changing a cutting edge

Note
Before creating or changing cutting edges, you mustfirst create tools|(Page 20).

Operating sequence

] 1. Select the offset operating area.

OFFSET

2. Open the tool list window.
3. Select the tool to which you desire to add a cutting edge.
4. Open the menu items for cutting edge settings.
Edges
5. Press this softkey to add a new cutting edge for the selected tool. The control system auto-
New _ : . )
edge matically adds the new cutting edge to the tool list. Now you can enter different lengths and
radii for each cutting edge.
REL LcS MCS
X 0.000 X 6.600 M1 0.060
2 0.000 2 0.600 M21 0.900
5P 0.000 5P 6.000 MSP1 0.060

Type T D H Length X Length 2 Radius Tip wid. =
1 1 2] 0.0060 0.000 ©0.000 0.000 3
2 8 0.080 0.000 ©0.000 0.600 3
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Reset
edge

Delete
edge

You can also press the corresponding softkey to reset or delete a cutting 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

™M
MACHINE
v 2.
VL
JOG
3.
B2 15M
4.
5.
vi*
6.
v#
7.
SELECT

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

Open the "T, S, M" window.

Enter the desired tool number (for example, 1) in the "T, S, M" window.

Tool change 1 D1 Please m
Spindle speed rpm

Spindle direction 0

Activate WO O

Other M function

Press 'CYCLE START' © to activate above functio

Pl o

Press this key to move the cursor to the input field for the spindle speed, and enter the de-

sired speed, for example, 1000.

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

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

Press this key on the MCP to activate the tool and the spindle.
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9. Press this key on the MCP to stop spindle rotation.
74

RESET

&« 10. Press this softkey to return to the main screen of the machining operating area.

Back

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

el

For more information, see Section 'Running the spindle manually (Page 260)".

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 59) 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
®T @ 3. Press the desired axis traversing keys to assign the handwheel.
X z
> > > 4. Press the incrementkeys on the MCP to select the required override increment.
1 10 100 e 1:The override incrementis 0.0005 mm (X)/0.001 mm (2).

e 10: The override incrementis 0.005 mm (X)/0.010 mm (2).
e 100: The override incrementis 0.050 mm (X)/0.100 mm (2).

Note:
When the system is switched to REL or WCS, the override incrementofthe X axis equals
that of the Z axis.

5. Rotate the handwheel to make the selected axis approach the workpiece.

6. Cut the surface of the workpiece to verify the handwheel assignment.
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&« 7. 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.

SHIFT | +| ALARM

2. Open the machine data window.

data

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

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].
v#
7. Enter the value "80".
8. Confirm yourentry.
-
INPUT
9. Press this vertical softkey to activate the value change. Note that the control system restarts
Activate to accept the new value.

Operating sequence (assigning the handwheel through the PPU)

— 1. Select the machining operating area.

M

| S—
MACHINE

@ 2. Press this key on the MCP.

HAND

WHEEL

3. Press this key to open the extended menu.
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Handwheel

SELECT

— || —>1 || —>
1 10 || 100
«

Back

26

11.

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

2 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 overrideincrementis 0.0005 mm (X)/0.001 mm (2).

e 10: The override incrementis 0.005 mm (X)/0.010 mm (2).

e 100: The override incrementis 0.050 mm (X)/0.100 mm (Z).

Note:

When the system is switched to REL or WCS, the override incrementofthe X axis equals
that of the Z axis.

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

Precondition

You mustfirst create a tool (Page 20) and activate it|(Page 23) before measuring the tool. Make sure all the axes have been

referenced (Page 19).

6.5.1 Measuring the tool manually (withoutthe Y axis)

Note

This section takes the turning tool measurementin the offset operating area for example. For an alternative method of tool
measurement, see Section 'Additional method for measuring the tool (Page 59)".

If you have created other types of tools, proceed through the steps below to finish measuring all the tools.

Operating sequence

Measuring the X axis of the tool
1.

™M

| S—
MACHINE

HAND
WHEEL

1 10 100

Measure
tool

Use rel.
coordi.

Select the machining operating area.

Switch to handwheel control mode.

Select a suitable override feedrate, activate the spindle (Page 23) and then use the hand-
wheel to move the tool to cut the external cylindrical surface of the workpiece for about 1
mm along the X axis and 15 mm along the Z axis. Then retract the tool along the Z axis.

Press this key to reset the system. Measure the diameter of the workpiece machined in the
previous step with a calliper.

Select the offset operating area.

Move the cursorto the inputfield for Length X with the cursor keys.
Tupe T D H X 2 Radius Tipwid. ~
o] 1 1 8 0.0008 0.000 0.000 ©.6606 3

Press this softkey or the alphabetic key <X> to open the window for measuring the tool in
the X direction and enter the workpiece diameterin the input field (for example, 50).

Meas. tool
X & 58

If you desire to use the relative coordinate, press this softkey.

Programming and Operating Manual (Turning)

6FC5398-5DP10-0BAG, 09/2017

27



0K

Measuring the Z axis of the tool

1.
Measure 2
tool
Use rel.
coordi.
3.
v
0K
4.

28

Press this softkey to confirm yourinput. The system calculates the offset and enters itin the
geometry inputfield of the currently active tool automatically.

Active TNo. T 1

REL ucs MCS
X 0.000 X 50.000 MX1 0.000
4 0.000 2 0.000 M21 0.000
5P 0.000 5P 0.00 M5P1 0.000

Tupe T D H Length X
11 0 | -50.000

Length 2 Radius Tip wid. =
0.060 ©.000 0.600 3 H‘

Move the cursorto the inputfield for Length Z with the cursor keys.

Type T D H X 2 Radius Tipwid. =
1 1 8 -50.000 0.0080 ©.000 ©.000 3

Press this softkey or the alphabetickey <Z> to open the window for measuring the tool in
the Z direction, and then enter the distance between the tool tip and the workpiece edge in
the inputfield, for example,"0". (This value is the thickness of a setting block if itis used.)

Meas. tool

Note that when measuring a large-radius tool, for example the button tool, you musttake
the tool radius into account when entering the offset value. See the following illustration for
an example of measuring the Z axis of a button tool with edge position 8:

X

(1)

20 2
In the above example, you must enter the value of Z0 which is the distance between the
button tool center and the workpiece edge in the offsetinput field.

If you desire to use the relative coordinate, press this softkey.

Press this softkey to confirm yourinput. The system calculates the offset and enters itin the
geometry inputfield of the currently active tool automatically.

Type T D H Length X
1 1 8 -50.000

LengthZ2 Radius Tipwid. &
0.000 ©.000 ©.000 3 |]|

Repeatthe above steps to finish measuring all the tools.
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6.5.2 Measuring the tool manually (with the Y axis)

Note

If you have configured the Y axis and activated it, proceed through the steps below to measure axes X, Y and Z of the tool.
For more information abouthow to configure the Y axis, see the SINUMERIK 808D/SINUMERIK 808D ADVANCED

Commissioning Manual.

Operating sequence

Measuring the X axis of the tool

1.

—
M,
MACHINE
2.
&)
MDA
AW 3.
’m" HAND
JOG — | WHEEL
—i || =i ||| *
1 || 10 || 100
5.
6.

8.
9.
10.
to
OFFSET
11,
Measure
tool
12.

Select the machining operating area.

Switch to "MDA" mode and enter "SPOS=0" in the program editor window to fix the spindle.

Switch to handwheel control mode.

Select a suitable override feedrate.

Use the handwheel to move the tool to approach the workpiece and cut the surface of the
workpiece for about1 mm along the Y axis. Then retract the tool along the Y axis.

Note:
Make sure you do not move the tool along the X axis afterwards.
Switch to "MDA" mode and continue to enter "SPOS=180" in the program editor window.

Press this key to rotate the spindle 180 degrees.

RepeatSteps 3 to 5.

Measure the distance between the two cutting surfaces machined in the previous steps with
a calliper.

Select the offset operating area.

Press the alphabetic key <X> or proceed through the following method to open the window
for measuring the tool in the X direction:

Move the cursorto the inputfield for Length X with the cursor keys and then press this soft-
key.

Type T D H Length X Length ¥ Length 2 Radius Tipwid. =
&= 1 1 8 0.000 0.000 0.000 5.000 ©.000 7

Enter the distance measured in Step 9 in the input field, for example, 48.

Meas. tool
X @48
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If you desire to use the relative coordinate, press this softkey.

Use rel.
coordi.
13. Press this softkey to confirm yourinput. The system calculates the offset and enters itin the

oK v geometryinputfield of the currently active tool automatically.

X 0.060 X 58.000 MX1 0.000

¥ 0.060 ¥ 0.000 MY1 0.000

z 0.060 2z 0.000 M21 0.000

5P 0.060 5P1 0.060 MSP1 0.000

Type T D H Length X Length Y LengthZ2 Radius Tipwid &

\= 1 1 e | -29.000 0.000 6.0660 5.000 ©0.000 7 |[]
Measuring the Y axis of the tool
— 1. Select the machining operating area.
M,
MACHINE
j 2. Switch to "MDA" mode and enter "SPOS=0" in the program editor window to fix the spindle.
(6]
MDA
WAAZ 3 Switch to handwheel control mode.
m HAND
JOG — | WHEEL
—>] || =l || =l 4. Select a suitable override feedrate.
1 10 100
5. Use the handwheel to move the tool to approach the workpiece and cut the surface of the
workpiece for about 1 mm along the X axis. Then retract the tool along the X axis.
Note:
Make sure you do not move the tool along the Y axis afterwards.
:) 6. Switch to "MDA" mode and continue to enter "SPOS=180" in the program editor window.
(6]
MDA
. 7. Press this key to rotate the spindle 180 degrees.
8. RepeatSteps 3 to 5.
9. Measure the distance between the two cutting surfaces machined in the previous steps with
a calliper.

T_?l 10. Select the offset operating area.

OFFSET

11. Press the alphabetickey <Y> or proceed through the following method to open the window
for measuring the tool in the Y direction:
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Measure
tool

Use rel.
coordi.

0K

Measuring the Z axis of the tool

™

—
MACHINE

—»
1 || 10

100

e

OFFSET

Measure
tool

12.

13.

1.

Move the cursorto the inputfield for Length Y with the cursor keys and then press this soft-
key.

Active T No.
REL W[ MCS

X 6.000 X 58.000 MX1 6.000

Y 6.060 Y 6.000 MY1 0.000

2 0.000 2 0.000 MZ1 0.000

5P1 6.000 5P1 6.000 MSP1 6.000
Type T D H Length X Length ¥ Length 2 Radius Tip wid. &
&= 1 1 8 -29.000 B.008 0.600 5.000 ©.080 7 [

Enter the distance measuredin Step 9 in the input field, for example, "48".

Meas. tool
Y @48

If you desire to use the relative coordinate, press this softkey.

Press this softkey to confirm yourinput. The system calculates the offset and enters itin the
geometryinputfield of the currently active tool automatically.

REL Wcs MCS
X 0.080 X 58.000 MX1 0.000
Y 6.000 Y 34.000 MY1 6.000
2 0.080 2 0.000 MZ1 0.000
5P1 6.000 5P1 6.000 MSP1 6.000
Type T D H Length X Length ¥ LengthZ2 Radius Tipwid. &
g: 1 1 8 -29,008 =29,000 0.0800 5.000 0.888 7 m

Select the machining operating area.

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

Select the offset operating area.

Press the alphabetic key <Z> or proceed through the following method to open the window
for measuring the tool in the Z direction:

Move the cursorto the inputfield for Length Z with the cursor keys and then press this soft-
key.

Active T No.
REL Lcs MCS

X 0.000 X 58.000 MX1 0.000

Y 5.080 Y 34.000 MY1 0.000

2 0.000 2 0.000 M21 0.000

5P1 0.080 5P1 0.000 MSP1 0.000
Type T D H Length X Length ¥ Length 2 Radius Tip wid. &
Q: 1 1 8 -29.008 -29.000 0.900 5.000 B0.800 7 q

Enter the distance between the tool tip and the workpiece edge in the inputfield, for exam-
ple, "0". (This value s the thickness of a setting blockif itis used.)
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Use rel.
coordi.

v
0K

6.6

Meas. tool

If you desire to use the relative coordinate, press this softkey.

Press this softkey to confirm yourinput. The system calculates the offset and enters itin the
geometryinputfield of the currently active tool automatically.

X 0.000 X 58.000 MX1 0.000
Y 0.000 Y 34.000 MY1 0.000
4 0.000 4 0.000 M21 0.000
5P1 0.000 5P1 0.000 MSP1 0.000

Type T D H Length X Length Y Length2 Radius Tipwid. =
§= 1 1 8 -29.800 -29.000 0.008 5.008 B.008 7 |j|

Repeatthe above steps to finish measuring all the tools.

Verifying the tool offset result

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

Note

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

Operating sequence

M

| S—
MACHINE

)

MDA

Delete
file

T Load

& file

ROV

Select the machining operating area.

Switch to "MDA" mode.

Press this softkey on the PPU.

Enter the following test program (oryou can create your own program):
T1 D1
G00 X0 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" functionis active, the feedrate override switch can also control the speed of
GO00.

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 263)".
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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.

e 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 71)

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.
heAd 16:22:29
) W 2015/12/03
[NeampRvESTMPE 1 [
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

| N10 G18 G90 G64 G95 G71

T, S, M function

N20 T1 D1

Geometrical data/traverse

N30 S5000 M3 F0.3
N40 G00 X100 Z2
N50 G01 Z-5

N60 X105

Return to change tool

N70 GO0 SUPA X300 Z50 DO

T, S, M function

N80 T2 D1

Geometrical data/traverse

N90 S3000 M3 F0.2
N100 GO0 X99 Z2
N110 GO1 Z-5
N120 X105

Return to change tool

N130 GO0 SUPA X300 250 DO

T, S, M function

N140 T3 D1

Geometrical data/traverse

N150 S3000 M3 F0.2
N160 GO0 X105 Z-25
N170 GO1 X90

Return to change tool

N180 X105
N190 GO0 SUPA X300 Z50 DO

| Program end

| v N200 M30

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 transferringit to the PPU via Ethernet interface (Page 71)

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.

*\pW .9Q-

) Tor 2%1552/91'3?33
ﬂl@ G18 G99 G64 G5 G71 |
420 T1 D1 1
430 55000 M3 FO.3 |
446 GO X160 22
56 Gel 2-5 |
460 X105
476 GO SUPA X304 258 D@ Y
480 T2 D1 1
499 53000 M3 FO.2
4100 GG X99 22
y110 GBl Z2-5 |
4120 X165 1
4130 GG SUPA X380 258 DB
140 T3 D1 1
4150 53000 M3 Fe.2 |
4160 GG X105 2-25
y170 GB1 X968 |
4180 X105 |

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.
Line
nao.
e Copying/deleting/pasting program blocks

Text

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

Mark
On

B. Selectthe desired program blocks with the cursor.

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

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

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

Eé! Turn.

ﬁ: Cont.

PROGRAM
MANAGER

If you wantto program cycles, press the corresponding softkey to open the desired cycle
programming window. For more information, see Section [Cycles (Page 153)".

If you wantto program contours, press this softkey to open the contour programming win-
dow. For more information, see Section 'Free contour programming (Page 275)".

Press this key to return to the program managementoperating area afterfinishing 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 Renaming programs

For more information, see Section 'Program managementoperating areg (Page 252)".

Editing an external part program onthe PPU

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

executed.

PROGRAM
MANAGER

¥ usg

= 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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Renumber

Search

Mark
On

4.

Edit the program text in the program editor window using the following keys on the PPU:

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

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

beginning ofthe program block in ascending orderand is increased by an incrementof 10
(for example,N10,N20, N30).

¢ Searching and replacing in programs

Pressing this softkey opens the search dialog box. You can use the search function to
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:

Text

Continue
search

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

Search &
replace

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

Replace

o Copying/deleting/pasting program blocks
A. Press this softkey in the open program editor window to insert a marker.
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Copy

DEL Cut

Paste

Cut

Undo

Redo

Cancel

0K

PROGRAM
MANAGER

40

B. Selectthe desired program blocks with the cursor.

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 withoutsaving, 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.
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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 programs

e Renaming programs
For more information, see Section Program managementoperating arez (Page 252)".

Note
When you perform editing operations such as renumbering, searching, and saving ofan external program file larger than
4 MB, a message appears reminding 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 smallerthan
200 MB.

723 Understanding frequently used programming instructions

7.2.31 Dimension units ininch or mm (G70/G71)

Description Programming example
G71: N10G18 G90 G54 G71
With G71 at the program start, both the geometrical data N20T1 D1
and the feedrates are evaluated as metric units. N30 S5000 M3 G95 F0.3
N40 GO0 X100 Z1
N50G01 X-0.5
N60Z2
N70 GO0 X200 250
G70: N10G18 G90 G54 G70
With G70 at the program start, the geometrical dataiseval- | N20T1 D1
uated as inches, but the feedrates are not affected and N30 S5000 M3 G95 F0.2
remain as metric units. N40 GO0 X10 Z0.2
N50G01 X-0.2
N60Z20.2
N70G00 X10 210

For more information, see Section 'Dimensions in metricunits andinches: G71, G70, G710, G700/(Page 83)".

7.2.3.2 D efinition of work offset (G54 to G59, G500, G90/G91)

Description Illustration Programming example
G500: A N10G18 G90 G500 G71
All absolute path data corresponds to X0 Z50 N20T1 D1
the current position. The position val- -1 N30 S5000 M3 G95 F0.3
ues are written in the G500 (basic) zero 9500 E '
offset. < é N40 G00 X50 Z5
1 G500 x N50 G01 Z-5
N60Z5
e VL > N70G00 250 X100
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Description Illustration Programming example
G54 to G59: A N10G18 G90 G54 G71
With G500 = 0, the offset for the work- X0 Z50 N20T1 D1
piece can be stored in the workpiece G54 7 -] N30 S5000 M3 G95 F0.3
offsets G54 to G59. < > N40 GO0 X0 Z5
o T G54 X N50 G01 2-5
N60Z5
é | . N70 GO0 Z50 X100
G500 + G54: A N10G18 G90 G500 G71
. . . G54 X0
With G500 * 0 activated, the valuein G54 70 N20T1 D1
G500 is added to the value in G54. G500 Z -4 N30 S5000 M3 G95 FO.3
< é N40 GO0 G54 X20 Z5
T G500 X N50 G01 Z2-5
N60Z5

N70G00 G53 Z50 X100

G90: - N10G18 G90 G54 G71
With G90 (absolute positioning) atthe N20T1 D1
program start, the geometrical data N30 S5000 M3 G95 F0.3
refers to the zero offthe.coordlnate N40 GO0 X100 Z5
system currently active in the program,
usually with G54, G500, or G500 + N50G01 Z-20
G54. N602Z5

N70G00 2500 X100
G91: - N10G18 G90 G54 G70
With G91 (incremental positioning), you N20T1 D1

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.

N30 S5000 M3 G95 F0.3
N40 G00 X3.93 Z20.196
N50 G01 G91 Z-0.787
N60Z0.196

N70G00 G90 Z19.68 X10

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

(Page 89)" and 'Absolute/incremental dimensioning: G90, G91, AC, IC|(Page 82)".

7.2.3.3 Rapid traverse (G00)
Description Illustration Programming example
GO0O0: N10G18 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

N30 85000 M3 G95 F0.3
N40 GO0 X50 Z5
N50G01 Z-20

N60Z5

N70G00 Z500 X200

For more information, see Section 'Linearinterpolation with rapid traverse: GO |(Page 90)".
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7234 Tool andtraverse (T, D, F, G94/G95, S, M3/M4, G01)

Description Programming example
T,D: N10G18 G90 G54 G71
A new tool can be selected with the "T" command, and the "D" command | N20T1 D1

is used to activate the tool length offset. N30 S5000 M3 G95 F0.3
G94/G95, F: N40 GO0 X50 Z5

The feedrate is defined with "F". G94 F defines feedrate in terms of time | N50 G011 Z-5
(mm/min)and G95 F defines feedrate in terms of spindle revolutions NGO Z5

(mm/rev).
S, M3/M4: N70 G00 Z500 2200

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

GO01:

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.

For more information, see sections as follows:

® Tool T (turning) (Page 118)

® Tool offset numberD (turning) (Page 119)

® Feedrate F/(Page 90)

e Spindle speed S, directions of rotation (Page 105)

e Linearinterpolation with feedrate: G1/(Page 91)

7.2.35 Tool radius compensation (G40, G41/G42)

The tool radius compensation can be activated (G41/G42) or deactivated (G40) in contour programming.
® (41:tool radius compensation to the left of the contour

® (542:tool radius compensation to the rightof the contour

® (40: tool radius compensation off

/\

Arrow indicates the tool traversing
direction along the contour.

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.

For more information, see Sections "Tool radius compensation OFF: G40/(Page 125)" and 'Selecting the tool radius
compensation: G41,G42 (Page 122)".
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7.2.3.6 Turning circles and arcs (G02/G03)

The following gives an example of machining arc with specified program code:
N10G18 G90 G500 G71

N20T1 D1

N30 S5000 M3 G95 F0.3

N40 G00 X0 Z2

N50 G01 Z0

N60 G42 X50

N70 GO0 X300 Z500

N80 G03 X75 Z-351-12 K-35

N90 G01 Z-130

N100 G40 X120 Z-140

* Note that N80 block as above can also be written as "N80 G03 X75 Z-35 CR=37".

When turning circles and arcs, you mustdefine the circle center pointand the distance between the start point, end point,
andthe center pointin the relative coordinate system.

When using the XZ coordinate system, the interpolation parameters land K are available.
There are two common ways of defining circles and arcs:
e (G02/GO3 X... Z... l... K...

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

The tool radius must be I
determined./J X

Tool traversing direction
¢ : X75, Z-35 Z

[ 4
X75, Z-130

X0, Z-130 &
SP Start pointof circle

CP Center point of circle

EP End pointof circle

I Incremental distance from SP to CP in X axis

K Incremental distance from SP to CP in Z axis
G2 Traversing direction of the circle (clockwise)
G3 Traversing direction of the circle (counter-clockwise)

For more information, see Section 'Circularinterpolation: G2, G3|(Page 92)".

Programming and Operating Manual (Turning)
44 6FC5398-5DP10-0BA6, 09/2017



7.2.3.7 Fixed point approach (G74/G75)

Description

Programming example

G74:

By using G74, reference pointcan be approached automati-
cally.

N10 G18 G90 G500 G71
N20T1 D1

N30 S5000 M3 G95 F0.3

N40 G00 X50 Z5

N50 G01 Z-5

N60 Z5

N70 G74 X=0 ;reference point

G75:

By using G75, a fixed point on the machine defined by the
manufacturer can be approached automatically.

N10 G18 G90 G500 G71
N20T1 D1

N30 S5000 M3 G95 F0.3

N40 G00 X50 Z5

N50 G01 Z-5

N60 25

N70 G74 Z=0 ;reference point
N80 G75 X=0 ;fixed point

For more information, see Section 'Fixed pointapproach (Page 101)".

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.

N10G18 GO0 G500 G71
N20T1 D1

N30 S5000 M3 G95 F0.3
N40 GO0 X50 Z5

N50 G01 Z-5

N60M5

N7025 M4

N80 M5

N90OM19

N100 GO0 X200 Z50

For more information, see Section 'Spindle movements (Page 105)".

7.2.3.9 Setting dwell time in the program (G04)

Description

Programming example

G04:

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

GO04 F5: program dwells for 5 seconds
This makes the workpiece surface smoother.

N10G18 G90 G500 G71
N20T1 D1

N30 S5000 M3 G95 F0.3
N40 GO0 X50 Z5

N50 G01 Z-5

N60 G04 F5

N70Z5 M4

N80 M5

N90 M19

N100 GO0 X200 Z50

For more information, see Section 'Dwell Time: G4 (Page 104)".
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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 andincorrect machining on the workpiece prevented.

You can choose one of the following methods for simulation:
® Simulation priorto machining ofthe workpiece (Page 46)

® Simultaneous recording prior to machining of the workpiece (Page 48)

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 51)".

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

[NC] e

Enter the system program directory and position the cursor on the program to be simulated.

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

— 4. Switch to "AUTO" mode.

5. Press this softkey to open the program simulation window, and the program control mode
L 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.
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Auto
Zoom

Zoom +

Zoom -

Delete
window

Cursor
crs./fine

Material
removal

Show
hlocks

. 8.

7

RESET

A '
= Edit h

You can also selectthe vertical softkeys as required in the simulation window as follows:

= 09:29:18
3 nu:T!l 2015/12/87
NC:\MPF\S555_DIN.MPF SIEMENS nuto
% Resat ROU  PRT el
Program simulation
38 -
2@_’ - T T
I( I
”\
[
F-
189¢ Delete
window
B A — | Cursor
X T g 7 7 T i i crs.ffine
2 -68 -40 -20 1]

More

= edit | | | | | m

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

Zoomsin the screen from the cursor position

Zooms out the screen from the cursor position

Deletes all the simulation tracks recorded up till now

Makes the cursormove in large or small steps

Enables the material removal simulation of a defined blank

Selects whetherto show the blocks or not

Press this key on the MCP if you wish to stop the simulation.

-OR -

Press this key on the MCP to cancel the simulation.

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

After you finish the simulation, you can press this softkey to return to the program editor
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
2. 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.
=d cnitrl
5. Press this softkey to activate the PRT mode, and the program is executed without axis
Program movement.
test
You can additionally press this softkey to replace the programmed feedrate with adry run
Dry run feedrate. For more information aboutsetting the dry run feedrate, see Section 'Dry run
feedrate feedrate (Page 55)".
. 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.

-OR -

Press this key on the MCP to cancel the recording.

. 8. Press this key on the MCP if you wish to stop the recording.
4

RESET

. 9. 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 46)".
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9 Machining the workpiece

9.1 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.

1.

PROGRAM

MANAGER
2
3.
A# v*
4
Execute
5.
g;h Prog.
=4 cntrl
6.

[ ]

DOOR

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 55)").

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 Executing 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:

® After you stop or interrupt the program execution

® When you need to 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.

— 2. Switch to "AUTO" mode.

REl Block 3. Press this softkey to open the block search window.
=th search
. ress this softkey to load the interruption point, and the cursor moves to the beginning o
| 4 P this softkey to load the interruption point,and th to the beginning of
=i e target block which is interrupted last time.
ntertr the target block which is interrupted last ti
poin
5. Press one of the following softkeys to set the condition for the block search:
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
EONLOUL 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 do not move.
Without e Block search withoutcalculation of the basic conditions. All settings required for
il execution have to be programmed from the targetblock (e.g. feedrate, spindle speed,
calculat. efc)).
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
. whether to continue.
010208 | | -
Continue program with NC start 16:87
. 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 is interrupted 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.
94 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.
NG
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 simultaneous recording window.
4 Simult
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

Entering 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

1o

OFFSET

Tool
wear

INPUT

52

1.

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 ofaxes X and Z as well as the tool radius wear
parameter (range of valuein mm:-9.999to 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
wear offset value of the X axisis "0.1") and you desire to increase the offset value, then you
can eitherdirectly enter the sum of the existing offset value and the increment, or call the
pocket calculator 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 >

Type T D Wear

Length X Length 2 Radius
1 1 0.200 0.100 0.400
2 0.000 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

718 9] /] spo | G|
4| 5| 6] *| l:nsl[ml

1] 2] 3] +] X R

ol || -] x? 0
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INPUT

Accept

Enter the desired arithmetic statementin the inputline of the pocketcalculator.

0. 100000+0 , 1

118l9]/]  sw| CJ
4]5]68] x| ol
1] 2] 3] +| 7% R
o|_|_. | -] x2 0

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

0. 200000

71 8| 9] /| s | G|
4| 5| 6| *| L‘DS(H)l

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

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

Tool wear < Absolute input >

Tyjpe T D Wear
Length X Length 2 Radius
1 1 8.2600 B.166 8.400
2 0.000 0.000 0.000
Note:

For more information abouthow to use the pocketcalculator, see Section 'Pocket calculator
(Page 79)".

Operating sequence for incremental input

OFFSET

Tool
wear

Select the offset operating area.

Open the tool wear window.
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.. 3.

Change to 4.
increment.
5.
6.
>
INPUT
- 7.
8.
9.

INPUT

54

Position the cursor baron the input field to be modified.

Tool wear < Absolute input >

Tyjpe T D Wear

Length X Length 2 Radius
1 1 0.100 0.100 0.400
2 0.000 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.
o 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 t0 10).

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

Tool wear < * Incremental input >

Tyjpe T D Wear

Length X Length 2 Radius
1 1 8,208 8.100 B.4008
2 0.000 0.000 0.000

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

1]8]8]s]  swo| cf
L N D Y
1] 2] 3| +| % R
o|_ |_.|-| x? 0

Enter the desired arithmetic statementin the inputline of the pocketcalculator.

Press this key and the calculation result (for example, 0.1) is displayed in the pocket calcu-
lator:
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lo. 100000
7 8| 9] /| 5|H(x)|£|
4| 56| *| L‘DS(H)l
1] 2] 3] +| & R
o | |_.|-]| x? 0
10. Press this softkey to add the calculation resultto the value in the inputfield at the current
"/ cursor position and close the pocket calculator automatically.
Accept
Tool wear < * Incremental input >
Type T D Wear
Length X Length 2 Radius
1 1 B.260 8.166 6.4608
2 B.000 0.000 0.000
Note:
For more information abouthow to use the pocketcalculator, see Section "Pocket calculator
(Page 79)".
10 Other common operations
10.1 Program control functions

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

™ =) % Prog.

VAGHINE | + | AUTO chtrl

10.1.1 Programtest

With this softkey activated, the part program is executed with no axis or spindle movement. In this
Program : ” " :

way, you can check the programmed axis positions and auxiliary function outputs of a part program.
test This softkey functions the same as the following key on the MCP:

PROGRAM
TEST

10.1.2 Dry run feedrate

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

M, =) . IE Sett.

| S—
MACHINE | + AUTO
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10.1.3

Conditional stop

With this softkey activated, the processing of the program stops at the end of every block containing

Condit. MO1. In this way, you can check the resultalready obtained during the machining of a workpiece.
stop 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:
1014 Skip block
It is possible to skip program blocks, which are not to be executed every time the program runs.
Skip With this softkey activated, the program blocks identified with a slash in front of the block number
(e.g."IN100") are skipped during machining. Several consecutive blocks can be skipped.
10.1.5 Single block mode
With this softkey activated, the system can interruptthe machining ofthe workpiece after each
S_BL program block. In this way, you can control the machining resultblock-by-block and checkindividu-
fine al machining steps. This softkey functions the same as the following key on the MCP:
Bl)
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
onlywith dry run feedrate activated.
10.1.6 Rapid traverse override
With this softkey activated, the traversing speed of the axes in the rapid traverse mode (G00) can
H[::U be controlled via the feedrate override switch on the MCP.
active 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.
101.7 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
5 Programming and Operating Manual (Turning)
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10.2 Setting up the workpiece

10.2.1 Measuring the workpiece

Overview

Select the relevantoffset panel (for example, G54) and the axis you want to determine forthe offset. See the following
example forhow to determine the work offset in the Z axis.

F - Toolholder reference point
M - Machine zero point
W - Workpiece zero

Xmachine

Workpiece
Z actual position

—

machine

|
Work offset Z=? |
1

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

Operating sequence

-

T_LQ Select the offset operating area.

OFFSET

2. Switch to "JOG" de.
Yve witch to mode
VL
JOG
S 3. Open the list of work offsets.
Work
offset
4. Open the window for measuring the work offsets. Note that this vertical softkey is active only
Measure Aan
] in "JOG" mode.
workpiece
5. Switch to handwheel mode.
HAND
WHEEL
> > > 6. Select a suitable override feedrate, and then use the handwheel to move the tool to scratch
1 10 100 the required workpiece edge or the edge of the setting block (for example, Z0), if a setting
blockis used.

ZOH
__I .
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SELECT

7. Select the offset plane to save in (for example, G54).

8. Enter the distance (for example, "0").
TN:UT Press this key or move the cursorto confirm yourinput.
T 1 &8 1
X7 Save in Gi4 O
J Basic offset 0660
" . Length 2 0.620
Distance 0.0080 mm
:72@_. 7z  Offset 20 00e8
9. Press this vertical softkey. The work offset of the Z axisis calculated automatically and
Set work displayed in the offset field.
offset
&« 10. Press this softkey and then you can see the work offset as follows:
Back X mm 2 mm SP °
GhHee 0.0000060 0.000000 O,000000
G54 0.000000  0.020000 0,000000
G55 0.0000060 0.000000 O,000000
G56 0.000000 0.000000 O,000000
G57 0.0000060 0.000000 O,000000
G538 0.000000 0.000000 O,000000
G59 0.000000 0.000000 O,000000
Program 0.000000 0000000 0.000000
Scale 1.000000  1.000000  1.000000
Mirror 0 8 8
Total 0.000000 0000000  0.000000
10.2.2 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_LQ 1. Select the offset operating area.
OFFSET
. 2. Open the list of work offsets. The list contains the values of the basic offset of the pro-
ufufsrkt grammed work offsetand the active scaling factors, the mirror status display and the total of
QIisE all active work offsets.
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3. Use the cursorkeys to position the cursorbar in the inputfields to be modified and enterthe

A v{j} values.

X mm 2 mm SP °
G500 0.000000 0.000000 ©.000000
G54 D.000068 0,000000 O,000000
G55 B.000060 6.000000 O.B600000
Gh6 D .000000 ©,000000 O,000000
Gh7 B.000060 6.000000 O.B600000
G583 B.000060 6.000000 O.B600000
GhY D .000000 ©,000000 O,000000

Program 0.000000 0.000000 0.800000
Scale 1.000000 1.000000 1.000000

Mirror 8 1] 1]
Total 0.000000 0.000000 0.000000
4. Confirm your entries. The changesto the work offsets are activated immediately.

©

INPUT

103 Additional method for measuring the tool

Note
e You mustfirst create a tool (Page 20) and activate it (Page 23) before measuring the tool.

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

Operating sequence

Measuring the X axis of the tool

— 1. Select the machining operating area.
M
[——1
MACHINE
2. Switch to "JOG" mode.
A W
VL
JOG
3. Open the manual tool measurementwindow.
J?I Meas.
tool
4. Press this vertical softkey to measure the tool in the X direction.
Measure X
5. Switch to handwheel control mode.
HAND
WHEEL
> > > 6. Select a suitable override feedrate, and use the handwheel to move the tool to cut the sur-
1 10 100 face of the workpiece for about 1 mm along the X axis and 15 mm along the Z axis. Then

retract the tool along the Z axis.
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74
RESET
8.
_’
Get 9.
length X
10.
Tool list

Measuring the Z axis of the tool

QI Meas. 1.
tool

2.
Measure 2

3.

©

INPUT

Set 4.
length £

5.
Tool list

6.
60

Press this key to reset the system. Measure the diameter of the workpiece machined in the
previous step with a calliper.

Enter the workpiece diameterin the "d" field (for example, 50).

Tool measure manual
X t T 1 D 1

Z Length X(L) 0.0008 mm

Press this softkey. The system calculates the offset and enters it in the geometry inputfield
of the currently active tool automatically.

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

Tool list

Twwe T D H LengthX  LengthZ2 Radius Tip wid. =
11 o ( -56.000) 0.000 0.000 0.000 3 [

Open the manual tool measurementwindow.
Press this vertical softkey to measure the tool in the Z direction.

Enter the distance between the tool tip and the workpiece edge in the "Z0" field, for exam-
ple, "0". (This value is the thickness of a setting blockif it is used.)

X 1+ T 1 D 1
il

Zg 2

Zg 9 mm

Length Z(L) 0.668 mm

Press this softkey and then the system calculates and enters the offset in the geometry
inputfield of the currently active tool automatically.

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

Tool list
REL wecs MCS
X 0.000 X 50.000 MX1 0.000
2 0.000 2 0.000 Mz21 0.000
SP 0.000 SP 0.000 MSP1 0.000

Tpe T D H LengthX  LengthZ2 Radius Tip wid. =
11 -50.000 (__©0.000) 0.000 ©6.008 3 [

Repeatthe above steps to finish measuring all the tools.
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104 E ntering/modifying the setting data

Entering/modifying the setting data

Operating sequence

LLQ 1. Select the offset operating area.
OFFSET
—— 2. Open the setting data window.
Sett.
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).
s B
5. Use this key or move the cursor to confirm your entries.
_’
INPUT

Parameters in the setting data window

Setting data

Spindle data

Minimum: ©) .000 rpm
Maximum: @) 1000.000 rpm
Start angle

Start angle for thread: ® 0.000 °

0)O) 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 is repeated.

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
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4. Position the cursor barin the input fields to be modified and enter the values (see table
A v below for the parameter descriptions).

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 ® 0

Part count ® 0

Run time @ 0000 H 00 M 00 s
Cycle time ® 6000 H 00 M 00 s
Cutting time ® 0000 H 060 M 00 s
Setup time @) 0002 H 44 M
Power-on time 0081 H 48 M

The total number of workpieces produced (total actual)

The number ofworkpieces required (workpiece setpoint)

The number of all workpieces produced since the starting time

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

The run time of the selected NC program in seconds

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

® Processing time in seconds

© ® 00

@) 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 power-up of the control system with default values.

Setting the working area limitation

Operating sequence

1o

OFFSET

1. Select the offset operating area.

2. Open the setting data window.

Sett.
SD d:ta
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3. Open the working area limitation window.

Work area
limit
4. Position the cursor barin the input fields to be modified and enter the required values.
s v&
5. Position the cursor barin the fields for activating the entered values.
Q 6. Press this key to activate or deactivate the entered minimum/maximum values.
SELECT

Parameters in the window for working area limitation

LJorking area limitation

Axis Minimum Active Maximum Active Unit
Mx1 -10606600660 . 0006 0 106000000 . 600 0 mm
MZ21 -100000000.000 [ O 100000000.0600 [ _|O mm
MSP1 -100000000.000 [ O 100000000.000 [ O ’
@ 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 values.

® Unit for the traversing distance.

Modifying miscellaneous setting data

Operating sequence

G SYWA“:\ 1. Select the system data operating area.
+| ALARM

SHIFT
| Mach.
daﬁg

Expert
list

2. Open the window for machine data.

3. Open the window for the expert list.

4. Select a group of setting data you desire to modify.
General 9 9 Y fy

™MD

Channel
™MD

Axis
MD
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Search

Continue
search

AV

Bed gf‘.

INPUT

Use these softkeys to search for your desired setting data with the data number/name.

Alternatively, you can position the cursor bar in the input fields to be modified and enter the
values.

You can use the following softkeys to switch to the desired axis when modifying the axis-
specific setting data.

Axis + Axis -

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

105 Setting R parameters

Functionality

The "R variables" start screen lists the R parameters thatexist within the control system. You can set or query these global
parametersin any program asrequired.

Operating sequence

1o

OFFSET

R
var.

Search

Show R
name

£

INPUT

Select the offset operating area.

Open the list of R parameters.

Press the cursor keys to navigate in the list, and enter the valuesin the inputfieldsto be
modified.

Note:

You can search for your desired R variable with this softkey. By default, the function
searchesthe R number.

You can press this softkey to activate the option of searching by R name. Define the R
name as desired, if necessary.

Press this key or move the cursorto confirm your entries.

For more information aboutR parameters, see Section 'Arithmetic parameter R (Page 128)".

64
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10.6 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_LQ 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.
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

10.7 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

G SYZI\:\

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 11:82:16
Format YYYY/MM/DD HH:MM:55
New 2015 j@5 f19 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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108 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

ﬁ SVZM\ 1. Select the system data operating area.
\

SHIFT + | ALARM

2, ?pen the window for setting the startup operating area through the following softkey opera-
ons.
= FUR
3. Use the cursorkeys to selectthe desired operating area in the following window:
[ M MACHINE 00 X SYSTEM
0 § S orrser +ALTY
[ )PROGRAM [ cus CUSTOM

03 (% PROGRAM MANAGER

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

Change after the control system restarts.

start ar.

109 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.

10.91 E xecuting/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

10.9.1.1  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
‘P 2. Press this softkey to enterthe USB directory, and selectthe program file you desire to exe-
LUSE cute.
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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
N5 G17 G968 Gb4 G711 1]
N1aT1 D11
N15 55000 M3 G95 FO.3 |
N20 Goa X100 22 1
N25 GB1 2-56 1
N30 X105 1
N35 GO SUPA X300 256 DO 1
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. . ! L .
=H cntrl For more information ofthe program control, refer to Section 'Program control functions
(Page 55)".
. 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
7/ 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.

10.9.1.2  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. Select the program managementoperating area.
PROGRAM
MANAGER

2. Press this softkey to enterthe USB directory.
Y usg

3. Select the program file you desire to transfer.

4. Press this softkey to copy the file to the buffer memory on the control system.
Copy

5. Enter the program directory.
Ne

6. Press this softkey to paste the copied file into the program directory.
Paste
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10.9.2 E xecuting/transferring through the Ethernet connection

10.9.2.1  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:
® 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. Connectthe control system with the computerusing an Ethernetcable.
ﬁ SVZ"Q\ 2. Select the system data operating area.
SHIFT + | ALARM
3. Press the extension key.
4. Enter the main screen of the service control options through the following softkey opera-
tions:
I Serv. Senice
displ. - control
. 5. Press this softkey to set up a direct connection between the control system and the com-
Direct puter.

connect.

The following dialog box pops up on the screen:

IP address: 169.254.11.22
Subnet mask: 2hh 25580

Establishing a network connection

Proceed as follows to establish a network connection:

1. Connectthe control system with the local network using an Ethernetcable.
ﬁ SVSTE"Q\ 2. Select the system data operating area on the PPU.
SHIFT + | ALARM
3. Press the extension key.
4. Enter the main screen of the service control options through the following softkey opera-
tions:
I Ser. Service
displ. - control
. 5. Press this softkey to enter the window for the network configuration.
Service
network
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Direct
conhnect.

O

SELECT

Save

Note: make sure this vertical softkey is not selected.

Configure the network as required in the following window:

Network configuration

Local data
Protocol: TCP /1P
DHCP: Yes [v)
Cmpt. name: NONAME_NCU
IP address: 176 16 202 200
Subnet mask: 255 255 255 @

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.

Creating and connecting a network drive

Proceed as follows to create and connecta network drive:

PROGRAM
MANAGER

_+ Netwo.
=~ drive

Configure
net.drive

O

SELECT

1.
2.

Share a directory on your local disk on your computer.
Select the program managementoperating area.

Press this softkey to go to the network drive directory.

Press this softkey to go to the window for configuring the network drives.

Press this key to select a drive identifier: N1, N2, or N3.
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6. Move the cursorto the following inputfields:

b I 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

v 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,
0K the iconis gray.

=N1://148.231.196.90/808D

You can delete a selected network drive using this softkey.
Delete

net.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.

10.9.2.2 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.
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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

Nb G17 G99 Gb4 G711 1
N16T1 D11

N15 55000 M3 G95 FB.3 1
N20 GO6 X100 22 |

N25 GB1 2-5 1

N30 X105 1

N35 GO6 SUPA X360 250 D6 |

6. 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
=* cntrl (Page 55)".

. 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

10.9.2.3 Transferring from external (through Ethernet connection)

Prerequisites:

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

e A network drive (which includes 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
3. Select the desired network drive (which includes the part program to be transferred) and
—@ press this key to openiit.
INPUT
4. 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

Enter the program directory.

[NC] ne

7. Press this softkey to paste the copied file into the program directory.
Paste
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10.9.3 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 PN Serv Semvice Service
\ .
SHIFT | + 1%/4 N > > I displ. - control - firewall

Configurable ports are listed in the following window:

15:27:46

-
REFPONT 2616/11/08

Firewall configuration

Open Port no. Log Description
[ 22 tep  Secure Shell (SSH), for AMM connection
[ 182 tep 57 protocol, for PLC Prog Tool connect.

O 5900 tep  HMI RFB commu., for AMM remote control

X
Cancel
v

Accept

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:

© 1 10O

INPUT / | SELECT

A\ warRNiNG

Network 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.
e 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.
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10.10

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 eitherdirectly via an Ethernet

E xtending/deactivating the CNC lock function

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:

SHIFT

+

SYSTEM

ALARM

Import

File

INPUT

0K

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

computer and connectthe network drive via Ethernetconnection|(Page 68).

Select the system data operating area.

Press this key to view the extended softkeys.

Open the license key dialog box through the following softkey operations:

{y Serv

. License
R Uersion . Key

Press this softkey to open the file opening dialog box.

Select the target directory (USB or network drive) and press this key to openiit.

Locate the desired activation/deactivation file and press this softkey to import.

After the file is imported successfully, you can check the CNC lock status on the HMI
screen, for example:

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

CNC lock is activated:2017/85/01
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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: 6FC5812-2GY46-0YRO

CNC lock is activated:No lock data.

Note

If an error occurs when importing 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 set inadvertently, alarm 8066 isissued. 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
longerbereset.

NOTICE
Shorter service life

After NC restart, a future date set earlierthan 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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10.11
10.11.1

Databackup

Internal data backup

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

Note

After changingimportantdata, 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 no program currently being executed.
Proceed through the following steps to save data:

G SVZM\ 1. Select the system data operating area.

\

SHIFT + | ALARM
Saue 2. Press this softkey to open the window for data saving.
data

3. Press this softkey to start saving. Do not carry out any operator actions while the data back-
v up is running.

0K

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:
G SVZM\ 1. Select the system data operating area.
\
SHIFT + | ALARM
— 2. Press this softkey.
£ Start Y
== -up

- 3. Enter the NC startup screen.
NC
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4. Use the cursorkeys to selectthe third startup mode as follows:

A* v; [3 Standard power-up

[3 Power-up with default data
[¢] Power-up with saved data

5. Press this softkey to confirm. The control system restarts with the saved data.

v
0K

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.

10.11.2 External data backup

10.11.2.1 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

ﬁ SVZ"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

(D Create series start-up archive
(2 Create start-up archive
(3 Create start-up archive in the default directory

(D Creates a data archive for series machine commissioning
(@ Creates a dataarchive for a complete 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

1 5tart-up archive
C10EM files
c1USB

CaUser files
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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
"__N the directory selection area.
TAB
v 5. Press this softkey to confirm and the archive information dialog box opens.
0K
v 6. Specify the properties of the archive and press this softkey. The control system starts crea-
tion of the startup archive.
0K
Note

Do notremove the USB stick in the process of data backup if you choose USB as the target directory.

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

Restoring a startup archive

G SYZI\Q\

SHIFT | + | ALARM

Archu.

v
1] ¢

v
0K

v
0K

v
0K

1.

Select the system data operating area.

Press this softkey to open the startup archive window.

Select the following option and press this softkey to restore the startup archive:
Restore start-up archive

Select the backup path to locate the archive file and press this softkey to confirm.

Press this softkey to confirm the archive information.

Press this softkey to continue and start restoring the startup archive. The control system
restarts to complete restoring the archive.
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10.11.2.2 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

PROGRAM
MANAGER

[NC] e

Copy

-1 User
cycle

V¥ usg

_+ Netwo.

== drive

, OEM
files

~— User
files

Paste

1.

Select the program managementoperating area.

Enter the program directory.

Select the program file or directory to be backed up.
Press this softkey to copy the file to the clipboard.

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
is visible with the manufacturer password.

Backs up the files onto a USB stick.

Backs up the files onto a computer. This requires a connected network drive on the control
system. For more information, see section 'Configuring the network drive (Page 68)".

Backs up the filesin the folder for storing the manufacturerfiles on the control system. This
folderis visible with the manufacturer password.

Backs up the filesin the folder for storing end userfiles on the control system.

Press this softkey to paste the copied data into the currentdirectory.

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

Manual.

78

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017



10.12 Pocket calculator

3 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.

VIR 12:03:44
M, 2015/05/18
NC:\MPF@ SIEMENS More
# Reset ROV
MCS Position Rep.offset T,F.S
MX1 0.000 0666 mm T 4 D1
6.060 mm
M21 0.000 E 0000
0.000 mm;/min
g1 96 80%
G1 G500(8) | -
T,5M
Tool change Ll il il _U SIH(K) Ql
Spindle speed 4] 5] 6] *] o) Delete
Spindle direction Q 1_| Ll il Ll = &«
Activate WO &) = Back
Other M function il —I —I ;I b

v

Press 'CYCLE START' © to activate ahove functions.

For calculating, the four basic arithmetic operations are available, as well as the functions "sine", "cosine",
"square root". A bracket function is provided to calculate nested terms. The bracket depth is unlimited.

squaring"and

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
;;UT starts the calculation. The resultis displayed in the pocketcalculator.

v Selecting this softkey enters the result in the input field at the current cursor position and closes the
Accept pocket calculator automatically.

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

Characters that may be entered

+ - %/

y Ty

Basic arithmetic operations

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

O Cosine function
The X value (in degrees) in front of the input cursoris replaced by the cos(X) value.
Q Square function
The X value in front of the inputcursor is replaced by the X2 value.
R Square root function
The X value in front of the inputcursor is replaced by the VX value.
() Bracket function (X+Y)*Z
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Calculation examples

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

N4 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

e Converting polar coordinates to Cartesian coordinates

e Addingthe second end point of a straight line/straightline contour section given from an angularrelation

11 Programming principles
111 Fundamentals of programming

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

o Use a maximum of24 |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 defaultprogram 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 default program type

® Avoid using special characters for program names.

Example

New G code program

Tuype: Main program MPF
Name: PROGRAM1
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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 andis notinfluenced 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 degreesin the 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 for all axes in the block, until it is revoked by G90 in a following
block.

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

Inch dimension, G70 applies for all linear axes in the block, until revoked by G71 in a following block.
Metric dimension, G71 appliesforall linearaxesin 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 dimension as G71, however, G710 applies also for feedrate and length-related setting data.
Diameter programming, DIAMON on

Diameter programming, DIAMOF off

Diameter programming, DIAM9O0 for traversing blocks with G90. Radius programming for traversing blocks with G91.
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11.2.2 Absolute/incremental dimensioning: G90,G91,AC, IC

Functionality

With the instructions G90/G91, the written positional data X, Z, ... are evaluated as a coordinate point(G90) or as an axis
position to traverse to (G91). G90/91 applies for 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 ['Linear interpolation (Page 90)"and |'Circularinterpolation (Page 92)".

Programming

G90 ; Absolute dimension data

G91 ; Incremental dimension data

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

See the following differentdimensioning types in the drawing:

G90 abs. X G91 incr. X
dimensioning A dimensioning A

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). Thisis 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 by G90 (absolute dimensioning).

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

After the end pointcoordinate, write an equality sign. The value mustbe putin round brackets.
Absolute dimensioning is also possible for center points using =AC(...). Otherwise, the reference pointfor the circle centeris
the circle starting point.

Programming example

N10 G90 X20 790 ; Absolute dimensions

N20 X75 Z=IC(-32) ; X-dimensions remain absolute, incremental Z dimension
N180 G91 X40 z2 ; Switch-over to incremental dimensioning

N190 X-12 Z=AC(17) ; X-remains incremental dimensioning, Z-absolute
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11.2.3 Dimensions in metric units and inches: 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 Z30 ; 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 chosen, the control system interprets all geometric values as either metricor
inch dimensions. Tool offsets and settable work offsets including their displays are also to be understood as geometrical
values; this also appliesto the feed F in mm/min orinch/min.

The defaultsetting can be set in machine data.

All examples provided in this manual assume the metric default setting.

G70 or G71 evaluates all geometrical data that directly refer to the workpiece, either as inches or metric units, for example:
® Positionaldata X, Z, ... for G0,G1,G2,G3,G33, CIP, CT

® |nterpolation parameters|, K (also thread lead)

e CircleradiusCR

® Programmable work offset (TRANS, ATRANS)

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.).

1124 Radius/diameter dimensions: DIAMOF, DIAMON, DIAM90

Functionality

For machining parts, the positional data for the X axis (transverse axis) is programmed as diameter dimensioning. When
necessary, it is possible to switch to radius dimensioning in the program.

DIAMOF or DIAMON assesses the end point specification for the X axis as radius or diameter dimensioning. The actual
value appearsin the display accordingly for the workpiece coordinate system.

For DIAM9O0, irrespective of the traversing method (G90/G91), the actual value of the transverse axis is always displayed as
a diameter. This also appliesto reading of actual valuesin the workpiece coordinate system with MEAS, MEAW, $P_EP[x]
and $AA_IW[x].

Programming

DIAMOF ; Radius dimensioning
DIAMON ; Diameterdimensioning
DIAM90 ; diameter dimensioning for G90, radius dimensioning for G91
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See the following diameter and radius dimensioning for the traverse axis:

X A
Transverse axis
CHF =2
__________________ gL 13| (18l 2 >
Q Q Q ZEES) S
Z
Longitudinal axis
3 2
5 20
45
70
Programming examples
Diameter dimensions (DIMON)
DIAMON ; Diameter dimensions active
Gl X0 Z0 FO0.2 ; Traverse to diameter position X0 and ZO
X20 CHF=2
z-17
X30 zZ-20
Z-40
X40 Z-45
Z-70
M30 ; End of program
Radius dimensions (DIMOF)
DIMOF ; Diameter dimensions inactive
Gl X0 Z0 FO.2 ; Traverse to diameter position X0 and ZO
X10 CHF=2
z-17
X15 7Z-20
Z-40
X20 Z-45
Z-70
M30 ; End of program
Note

A programmable offsetwith TRANS X... or ATRANS X... is always evaluated as radius dimensioning. Description ofthis
function: see the next section.
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11.2.5 Programmable work offset: TRANS, ATRANS

Functionality

The programmable work offsetcan be used:

e for recurring shapes/arrangementsin 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.

Note

In the X axis, the workpiece zero should be in the turning center due to the functions of diameter programming (DIAMON)
and constant cutting speed (G96). For this reason, use no offset or only a small offset (e.g. as allowance)in the X axis.

See the following effect of the programmable offset:

XA
Transverse axis
Workpiece original X
CHF =2
r——- S
| | T NE=x
S _ag| L 8L & A 2 Z .
I e Te (MW = z
[ [ | | z
| | A —+! Longitudinal axis
| ek
L L 3 2
5. 20
Workpiece "offset' 45
Offset X... Z...
70
Programming
TRANS Z... ; programmable offset, deletes old instructions for offsetting, rotation, scaling factor, mirroring
ATRANS Z... ; programmable offset, additive to existing instructions
TRANS ; withoutvalues: clears old instructions for offset, rotation, scaling factor, mirroring

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

Programming example 1

DIAMON ; Diameter dimensions active

TRANS 7Z-20 ; Programmable offset, 5 mm in the Z axis
Gl X0 70 FO0.2 ; Traverse to diameter position X0 and Z0
X16

X20 Z-3

z-17

X30 z-20

Z-40

X40 Z-45

Z-170

M30 ; End of program

Subroutine call: see Section 'Subroutine technique (Page 135)".
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Programming example 2

G90 G18 G500

T3D1

M4S1500

G0X50 210

CYCLE95("CON1:CON1_E", 0.50000,0.20000, 0.20000,,0.20000, 0.20000,0.15000, 9, , ,2.00000)

M4S1200
G0X100Z-10
RO=46

LAB1:

TRANS X=R0 Z-25
AROT RPL=-10
R1=-45

R2=14

R3=34

LAB:

TRANS X=R0 Z-25
AROT RPL=10
R5=R2*COS(R1)
R6=R3*SIN(R1)
G1Z=R5 X=R6
R1=R1-0.5

IF R1>=-151 GOTOB LAB
RO=R0-0.5

IF R0>=40 GOTOB LAB1
GOX80

750

AROT

TRANS

G500

T5D1

M4S1000

G1F0.1

CYCLE93(58.00000,-36.00000,22.00000, 0.90000,,,,, ,, ,0.10000,0.10000, 0.50000,0.10000, 5, 2.00000)
G0X80

Z50

T3D1
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M4S1500

R0=29

BB:

TRANS Z-52 X=R0
DIAMOF

R4=720

LL:
R1=(3.14159*R4)/180
R2=SIN(R4)

G1 X=R2 Z=R1
R4=R4-0.5

IF R4>=0 GOTOB LL
DIAMON

R0=R0-0.5

IF R0O>=27 GOTOB BB
GO0X80

Z50

M30

krxsairsas QONTOUR M sex
CON1:

X42Z0

X547-13

X58

Z-60

X60

M02

CONA_E:##ssxssirsons GONTOUR ENDS *#**xisss
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11.2.6 Programmable scale factor: SCALE, ASCALE

Functionality

A scale factor can be programmed for all axes with SCALE, ASCALE. The path is 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... Z... ; Programmable scaling factor, clears old instructions for offset, rotation, scaling factor, mir-
roring

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

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

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

Notes
® For circles, the same factor should be used in both axes.
e |f an ATRANS is programmed with SCALE/ASCALE active, these offset values are also scaled.

See the following example ofa programmable scale factor:

Workpiece original

AX Workpiece
— X‘l\
| e

] B O A N >

| | | Workpiece

Workpiece - enlarged in X and Z

Programming example

N10 L10 ; Programmed contour original

N20 SCALE X2 Zz2 ; contour in X and Z enlarged 2 times
N30 L10

N40 ATRANS X2.5 71.8

N50 L10

N60 M30

Subroutine call - see Section 'Subroutine technique (Page 135)".

Information

In addition to the programmable offsetand the scale factor, the following functions exist:
® Programmable rotation ROT, AROT

® Programmable mirroring, MIRROR, AMIRROR.

These functions are primarily used in milling.

Examples ofrotation and mirroring: see Section 'List of instructions (Page 294)".
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11.2.7 Workpiece coordinate system- settable work offset: G54 to G59, G500, G53, G153

Functionality

The adjustable work offset specifies the position of the workpiece zero on the machine (offset of the workpiece zero with
respect to the machine zero point). 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.

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 ; As with G53; additionally suppresses base frame

See the followingillustration for settable work offset:

(Machine) ;
X1 Workpiece A X Workpiece
M L] N w
z1 z ,
ull Workpiece
For example G54
Specify offset in the Z axis only!

Programming example
N10 G54 GO X502135
N20X70 2160

N30T1 D1

N40 M3 S1000

N50 GO X202130

N60 G01 2150 F0.12
N70X50 FO.1

N80 G500 X1002170
N90 M30
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113 Linearinterpolation

11.3.1 Linear interpolation with rapid traverse: GO

Functionality

The rapid traverse movement G0 is used for fast positioning ofthe tool, however, not for direct workpiece machining.
All 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 axes are traversed simultaneously, the path velocity (resulting velocity) is selected to achieve the maximum
possible path velocity in consideration of both axes.

Any programmed feedrates (F word) are not relevantfor GO.
GO0 remains active until canceled by anotherinstruction from this G group (G0, G1, G2, G3, ...).

See the followingillustration for linear interpolation with rapid traverse from pointP1to P2:

-1

|
|

|
1
}

L1 X 6 -
Ny P2
M W
@B
L

Programming example
|N10 GO X100 Z65

Note

Another option for linear programming is available with the angle specification ANG=. (For more information, see Section
'Contour definition programming (Page 116)".)

Information

Another group of G functions exists for moving into the position (see Section 'Exact stop/continuous-path control mode: G9,
G60, G64|(Page 102)"). 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.

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 axis velocities are determined from the share of the axis path in the overall path.

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.
For more information, see Sections 'Linear interpolation with feedrate: G1/(Page 91)" and Circular interpolation: G2, G3
(Page 92)".

Programming

F..

Remark: Forinteger values, the decimal pointis not required, e.g.: F300
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Unit of measure for F with G94, G95

The dimension unitforthe F word is determined by G functions:

® (94 F as feedrate in mm/min

® (95 F as feedrate in mm/rev. (onlyrelative to the spindle speed!)

Remark:
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

N20 GO1 X60 ZzZ60

N30 M5

N40 S200 M3 ; Spindle rotation

N50 G95 F0.8 ; Feedrate in mm/revolution
N60 GO1 X100 Z100

N70 M30

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

Information

The G group with G94, G95 also contains the functions G96, G97 for the constant cutting rate. These functions also
influence the S word.

11.3.3 Linear interpolation with feedrate: G1

Fun ctionality

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

All the axes can traverse simultaneously.

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

See the following illustration for linearinterpolation with G1:

T ; 1

\W
@O - -
4
=
—
Programming example
NO5 G54 GO G90 X40 z200 S500 M3 ;The tool traverses in rapid traverse, spindle speed
= 500 r.p.m., clockwise
N10 Gl z120 F0.15 ;Linear interpolation with feedrate 0.15
mm/ revolution
N15 X45 7105
N20 z80
N25 GO X100 ;Retraction in rapid traverse
N30 M2 ;End of program

Note: Anotheroption for linear programming is available with the angle specification ANG=.
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114 Circular interpolation
11.4 .1 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:

roAa

A
X 1 162

Clockwise

G3

1
I
|
J

’

Counterclockwise

The description of the desired circle can be given in various ways:

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

X A
End point X, Z

eg.G2X...Z...I.. K...

——————— —6 Center point I, K
Starting point X, Z

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

X A
End point X, Z

e.g. G2 X..Z... CR=...

G2/G3 and specification of aperture angle

A (+center point):

| Angle AR
——————— —6 Center point |, K

Starting point X, Z

>

Circle radius CR
Starting point X, Z
>,
G2/G3 and specification of aperture angle
X A (+end point):

End point X, Z
e.g. G2AR=... X... Z...

Angle AR

Starting point X, Z

G2/G3 remains active until canceled by anotherinstruction from this G group (GO0, G1...).
The path velocity is determined by the programmed F word.

Programming

G2/G3 X... Y... l... J...
G2/G3 CR=... X... Y...
G2/G3 AR=... I... J...
G2/G3 AR=... X... Y...
G2/G3 AP=... RP=...

92

; End point and center point

; Circle radius and end point

; Opening angle and center point

; Opening angle and end point

; Polar coordinates, circle around the pole
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Note

Other circle programming instructions:

e CT - circle with tangential connection

e CIP - circle via intermediate point(see following sections)

Entering 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.

The tolerance value can be set viamachine data.

Programming example: Definition of center point and end point

/—\ End point

X 4 Start point

| / \\Centerpoint \
v ! S 1
L d 1
\
/
=4 /
= (32} N e
[sp} ~ o -
K
'Y
7N '
N\ 30 z
40
50
N5 G90 Zz30 X40 ; Starting point circle for N10
N10 G2 z50 X40 K10 I-7 ; End point and center point
Note
Center point values refer to the circle starting point!
Programming example: End point and radius specification
X &  Start point
End point
\
’ AR
| o "
~<’>0) Center point?
\
/
o
< ’
N e
(a )\ >
N 30 z
50
N5 G90 z30 X40 ; Starting point circle for N10
N10 G2 Z50 X40 CR=12.207 ; End point and radius
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Note

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

Programming example: Definition of end point and aperture angle

X A Start point
End point
\ Center point? | !
/
o
< N 4
- -
17D\ >
&ﬂ 30 V4
50
N5 G90 730 X40 ; Starting point circle for N10
N10 G2 Z50 X40 AR=105 ; Opening angle and end point

Programming example: Definition of center point and aperture angle

X A Start point
End point?
|
\ Center point !
o /
< N ,
[42] ~ Pe
™ U
K 'Y
L
Qgiv 30 Z
40
N5 G90 730 X40 ; Starting point circle for N10
N10 G2 K10 I-7 AR=105 ; Opening angle and center point

Note
Centerpoint values refer to the circle starting point!

Programming and Operating Manual (Turning)
94 6FC5398-5DP10-0BA6, 09/2017



114.2 Circularinterpolation via intermediate point: CIP

Functionality

The direction of the circle results here from the position of the intermediate point (between starting and end points).
Specification of intermediate point: [1=... for the X axis, K1=... for the Z axis.
CIP remains active until canceled by anotherinstruction from this G group (GO0, G1...).

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:

XA Intermediate point 11=..., K1=...
End point

Start point ’ \
! 1
! I
0
<~ \
o
< \ .
~ [
(d )\ >
kj 30 Z
40
50
Programming example
N5 G90 Z30 X40 ; Starting point circle for N10
N10 CIP 750 X40 K1=40 I1=45 ; End point and intermediate point

114.3 Circle with tangential transition: CT

Fun ctionality

With CT and the programmed end pointin the current plane (G18: Z/X plane), a circle is produced which tangentially
connects to the previous path segment (circle or straightline).

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 following illustration for circle with tangential transition to the previous path section:

Programming:

N10 G1 Z20 F3 ; Straight line
N20 C1 ... N20 CT X... Z...; Circle with tangential
connection

N10 G1 ...
—

End point of
the circle
X...Z...)
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115 Thread cutting
11561 Thread cuttingwith constantlead: G33

Functionality

The function G33 can be used to machine threads with constantlead of the following type:

® Thread on cylindrical structures

® Thread on tapered structures

e Externalthread

® Single-and multiple-startthread

® Multi-block thread (series of threads)

This requires a spindle with position measuring system.

G33 remains active until canceled by anotherinstruction from this G group (G0, G1, G2, G3...).

See the following illustration for external and internal thread with cylindrical thread:

External
/_

Internal

Right-hand or left-hand thread

Right-hand or left-hand thread is set with the rotation direction of the spindle (M3 right, M4 left). To do this, the rotation value
mustbe programmed under address S or a rotation speed must be set.

Programming

Remark: Run-in and run-out paths mustbe taken into account for the thread lengths.

See the followingillustration for programmable values for the thread with G33:

Main view Right view

XA ) Thread length with Starting point 0-degree marker of the
End point  ryn-in and run-out spindle encoder

A

Lead: l or K
(Value is constant for the entire thread
length of a G33 block)

Right or left-hand thread with M3 or M4 with run-in and run-out
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See the followingillustration forlead assignmentfor cylindrical, tapered and face thread:

X Lead:
Cylinder thread K
G3 Z.K..
————— —p
z
Tapered thread Angle at the taper Lead
smaller than 45° K
G33z. X.K.. >
A
(Lead K because the larger distance is in the Z axis)
Lead:
Angle at the taper
larger than 45°
G33 Z... X... |...
R N RN SR -»
(Lead | because the larger distance is in the X axis) z
X .
Face thread Lead:
G33 X... ...
___________________ S
4

Tapered thread

For tapered threads (2 axis values required), the corresponding lead address | or K of the axis with the larger travel (longer
thread) must be used. A second lead is not defined.

Starting point offset SF=

A starting pointoffset is required for the spindle if a multiple-startthread or a thread in offset sectionsis to be machined. The
starting pointoffset is programmed in the thread block with G33 under the address SF (absolute position).

If no starting point offset SF is written, the value from the setting data "Starting angle of thread" (SD42000:
THREAD_START_ANGLE) is active.

Note
A programmed value for SF mustalways be entered in the setting data.

Programming example

Cylindrical thread, double-thread, starting pointoffset 180 degrees, thread length (including run-in and run-out) 100 mm,

thread lead 4 mm/rev.

N10 G54 GO G90 X50 Z0O S500 M3 ; Approach starting point, clockwise spindle rota-
tion

N20 G33 7z-100 K4 SF=0 ;Lead: 4 mm/rev

N30 GO X54

N40 70

N50 X50

N60 G33 Z-100 K4 SF=180 ; 2nd thread, offset by 180 degrees

N70 GO X54

N80 Zz0

N90 GOX50%Z50

N100 M30

Multi-block thread

If multiple thread blocks are programmed consecutively (multi-block thread), it only makes sense to define a starting point
offset in the the first thread block.

Multi-block threads are connected automatically in G64 continuous path mode.
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See the following example of multi-block thread chaining:

X A 3rd block with G33 N10 G33 Z... K... SF=...
(N30) N20 Z... X... K...
) N30 Z... X... K...
2nd block with G33
(N20)
1st block with G33
(N10)
\

Axis velocity

When cutting threads with G33, 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.

Information on the override switch
® The spindle speed override switch mustremain unchanged forthread machining.

® The feedrate override switch has no meaningin this block.

11.5.2 Programmable run-in and run-out path for G33: DITS, DITE

Functionality

The run-in and run-out path must also be traversed to the required thread with thread G33. The starting and braking of the
axis (both axes in case of a tapered thread) are performed in these areas. This path depends on the thread lead, spindle
speed, and the axis dynamics (configuration).

If the available path for run-in or run-outis limited, it may be necessary to reduce the spindle speed so that this path is
sufficient.

In this case, the run-in and run-out paths can be specified separately in the program to achieve favorable cutting values and
short machining time or to simplify the handling ofthis issue. If no values are specified, the values from the setting data
apply. The specifications in the program are writteninto SD42010: THREAD_RAMP_DISPI[0] ... [1].

If this path is not sufficientfor the traversing with the configured axis acceleration, the axis is overloaded in terms of
acceleration. Alarm 22280 ("Programmed run-in path too short") is then issued for the thread run-in. The alarm is purely for
information and has no effect on part program execution.

The run-out path acts as a retracting distance at the end of the thread. This achieves a smooth change in the axis movement
when retractingis in progress.

Programming

DITS=... ; Run-in path of the thread for G33
DITE=... ; Run-outpath of the thread for G33

Values for DITS and DITE or SD42010: THREAD_RAMP_DISP

-1..<0: Starting/braking of the feed axis is carried out with the configured acceleration.
Jerk according to currentBRISK/SOFT programming.

0: Abrupt starting/braking ofthe feedrate axis on thread cutting.

>0: The run-in/run-out path of the thread is predefined for G33.
To avoid alarm 22280, the acceleration limits ofthe axis mustbe observed in case of very small run-in and
run-out paths.

Note: The value of SD42010 after reset/program startis -1.
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See the followingillustration for run-in/run-out path for G33:

XT Run-out path Run-in path

Starting point

@ Al -

Programming example

N10 G54

N20 G90 GO Z100 X10 M3 S500

N30 G33 Z50 K5 SF=180 DITS=4 DITE=2 ; run-in 4 mm, run-out 2 mm
N40 GO X30

N50 GO X100 Z100

N60 M5

N70 M30

11.5.3 Thread cuttingwith variable lead: G34, G35

Functionality

You can produce threads with variable lead in one block with G34 or G35:

® (34 ; Thread with (linearly) increasing lead

® (G35 ; Thread with (linearly) decreasing lead

Both functions otherwise have the same functionality as G33 and have the same prerequisites.

G34 or G35 remain active until canceled by another instruction from this G group (G0, G1, G2, G3, G33...).
Thread lead:

e | orK; Starting thread lead in mm/rev., associated with X or Z axis

Lead change:
In the block with G34 or G35, the address F contains the meaning ofthe lead change:
The lead (mm perrevolution) changes perrevolution.

Programming: F ; lead change in mm/iev 2

Determining F

If you already know the starting and final lead of a thread, you can calculate the thread lead change F to be programmed
according to the following equation:

| Ko — Ka?|
F- "% [mmiue]
2xLle
Explanation:

Ke Thread lead of the axis end pointcoordinate [mm/rev]
Ka Initial thread lead (under |, K progr.) [mm/U]
Lg Thread lengthin [mm]

Programming

G34 Z.. K... F... ;Cylindrical thread with increasing lead
G35 X... I... F... ;Face thread with decreasing lead
G35Z.. X... K... F... ;Taper thread with decreasing lead
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Programming example

N10 M3 S40 ; Spindle CW

N20 GO G54 G90 G64 Z10 X60 ; Approach starting point

N30 G33 Z-100 K5 SF=15 ; Thread, constant lead 5mm/rev
; Activation point at 15 degrees

N40 G35 Zz-150 K5 F0.16 ; Starting pitch 5 mm/rev

; Pitch decreases 0.16 mm/rev

; Thread length 50 mm

Desired lead at end of block 3 mm/rev
N50 GO X80 ; Retraction in X

N60 7120

N100 M2

1154 Thread interpolation: G331, G332

Functionality
A position-controlled spindle with position measuring system is required.
With G331/G332, threads without compensating chuck can be drilled, if the dynamicresponse ofthe spindle and the axis

allow this.
If a compensating chuckis used nevertheless, the position differences to be compensated for by the compensating chuck

are reduced. This allows thread grinding athigher spindle speeds.
G331 appliesforgrinding, G332 for grinding in opposite direction.
The grinding depth is specified through the axis, e.g. Z; the thread lead through the corresponding interpolation parameter

(here: K).
For G332, the same leadis programmed as for G331. The spindle direction ofrotation is automatically reversed.

The spindle speed is programmed with S; without M3/M4.
Before thread grinding with G331/G332, the spindle mustbe broughtinto the closed-loop position controlled mode using

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)

Axis velocity

When cutting threads 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.

Diameter ofthe bottom hole: 4.2 mm

N10 G54 GO G90 X10 Z5 ;Approach starting point

N20 SPOS=0 ;Spindle in position control

N30 G331 z-25 KO0.8 S600 ; Thread grinding, K positive = Clockwise rotation of spindle,
end point -25 mm

N40 G332 z5 KO0.8 ;Retraction

N50 GO X10 Z5

N60 M30
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11.6 Fixed point approach
11.6.1 Fixed pointapproach: G75

Fun ctionality

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 dataforall axes. A maximum offour fixed points can be defined for each axis.

No offset is effective. The velocity of each axis is its rapid traverse.

G75 requires a separate block and acts non-modal. The machine axis identifier mustbe programmed!

In the part program block after G75, the previous G command ofthe "Interpolation type" group (GO, G1,G2, ...) is active
again.

Programming
G75 FP=<n> X=0 Z=0

Note
FPn is referencing with axis machine date MD30600 $MA_FIX_POINT_POS[n-1]. If no FP is programmed, then the first
fixed pointis selected.

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 point number is specified, fixed point1 is approached automatically.

X=02Z=0 Machine axesto be traversed to the fixed point.
Specify the axes with value "0" with which the fixed pointis to be approached simultaneously.

Each axisis traversed with the maximum axial velocity.

Programming example

NO5 G75 FP=1 X=0 ; Approach fixed point 1 in X

N10 G75 FP=2 Zz=0 ; Approach fixed point 2 in Z, e.g. for tool
change

N30 M30 ; End of program

Note

The programmed position values for X, Z (any value, here = 0) are ignored, but must still be written.

11.6.2 Reference pointapproach: G74

Fun ctionality

The reference pointcan be approached in the NC program with G74. The direction and speed information of each axisis
stored in the machine data.

G74 needs a separate block and is active based on the block mode. 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 674 %=0 z=0

Note
The programmed position values for X, Z (here = 0) are ignored, but muststill be written.
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11.7 Acceleration control and exact stop/continuous path

11.71 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 borders
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, modal

G64 ; Continuous-path mode
G9 ; Exact stop, non-modal
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 s 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.

See the followingillustration for comparison ofthe G60 and G64 velocity behavior:

XA Block change enable for "coarse" / for "fine"

G602 (coarse)
£

- G601 (fine)
e

Programming example

N5 G602 ; Exact stop window coarse
N10 GO Ge0O Zl1l0 ; Exact stop modal
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N20 X20 z0 ;G60 continues to act

N30 X30 z-40

N40 M3 51000

N50 Gl G601 X35 Z-50 FO0.12 ; Exact stop window fine

N60 G64 Z-65 ; Switching over to continuous-path mode
N70 X40 Z-70

N80 GO G9 z-80 ; Exact stop acts only in this block
N90 X45 z-90 ;Again continuous-path mode

N100 M30

Remark: The G9 command only generates exactstop for the blockin which itis programmed; G60, however, is effective
untilit is 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 Z5 F0.15 M3 S800 ; Continuous-path mode

N20 X20 z0 ; Continuous-path control mode continues to be active
N30 z-40

N40 G60 X30 Z-50 ; Switching over to exact stop

N50 X45 7Z-70

N60 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.

Feed ' ! !

G64 - Continuous-path control mode with LookAhead '

./

Programmeld feedrate F

A~

F1 —

B

I
I
I
I
I
|
I
|
I
|
I
|
I
|
|
I
|
T
|

1
I
I
I
I
1
I
1
I
1
I
1
G60 - Exact stop
1
I
I
I

| | |
| I |
| | |
| I |
| | |
1 I 1
| | |
1 I 1
| I |
| | |
| I |
| | |
| I |
| | |
T T T
| | |

N1 N2 | N3
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11.7.2 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 with nonlinear, constant curves 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.

See the followingillustration for principle course ofthe path velocity when using BRISK or SOFT:

Velocity
(path) BRISK SOFT
A
(time-optimized) (spares the mechanical parts)
Setpoint — ~— - —_——— _— -
I I I I
I | I I
I I I I
I I I I
' >
| t1 I t2 Time
Programming
BRISK ; Jerking path acceleration
SOFT ; Jerk-limited path acceleration
Programming example
N10 M3 S200
N20 SOFT Gl X30 784 F6.5 ; Jerk-limited path acceleration
N30 X46 792
N40 BRISK X87 Z104 ; continuing with jerking path acceleration
N50 X95 2110
N60 M30

11.7.3 Dwell Time: G4

Functionality

Between two NC blocks you can interruptthe machining process for a defined period by inserting your own block with G4;
e.g. for reliefcutting.

Words with F... or S... are only used for times in this block. Any previously programmed feedrate F or a spindle speed S
remain valid.

Programming

G4 F... ; Dwelltime in seconds
G4 S... ; Dwelltime in spindle revolutions

Programming example

N5 Gl F3.8 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 X20 ;Feed and spindle speed remain effective

N50 M30

Remark

G4 S... is only possible if a controlled spindle is available (ifthe speed specifications are also programmedvia S...).
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118 The third axis

Prerequisite

The control system itself mustbe designed for three axes.

Functionality

Depending on the machine design, the third axis can be required. These axes can be implemented as linear or rotary axes.
The identifier for these axes is defined by the machine manufacturer (e.g.C).

For rotary axes, the traversing range can be configured between 0 ...<360 degrees (modulo behavior) or-360 degrees/+360
degreesif there is no modulo axisis present.

With an appropriate machine design,a 3rd axis can be traversed linear simultaneously with the remaining axes. If the axis is
traversedin a block with G1 or G2/G3 with the remaining axes (X, Z), it does not receive a componentofthe feedrate F. Its
speed conforms to the path time of axes X, Z. Its movementbegins and ends with the remaining path axes. However, the
speed cannotexceed the defined limitvalue.

If a block is programmed with this 3rd axis only, the axis will traverse using the active feedrate F when the G1 function is
executed. If the axis is a rotary axis, the unit of measurementforF is degrees/min with G94 or degrees/rev. of the spindle
with G95.

For these axes, offsets can be set (G54 ... G59) and programmed (TRANS, ATRANS).

Programming example

The 3rd axis is a rotary axis with the axis identifier C

N5 G94 ; feedrate F in mm/min or degrees/min

N10 GO X10 Z30 C45 ; X-Z traverse path with rapid traverse, C at the same time

N20 Gl X12 733 C60 F400 ; X-7 traverse path at 400 mm/min, C at the same time

N30 G1 C90 F3000 ; Axis C traverses alone to position 90 degrees at a speed of 3000

;
degrees/min

Specialinstructions for rotary axes: DC, ACP, ACN

For example, for rotary axis A:

A=DC(...) ; Absolute dimensions, approach position directly (on the shortest
path)

A=ACP(...) ; Absolute dimensions, approach position in positive direction

A=ACN(...) ; Absolute dimensions, approach position in negative direction

Example:

N10 A=ACP(55.7) ; approach absolute position 55.7 degrees in positive direction

11.9 Spindle movements

11.9.1 Spindle speed S, directions of rotation

Fun ctionality

The spindle speed is programmed under the address Sin revolutions per minute, if the machine has a controlled spindle.
The direction of rotation and the beginning or end of the movementare specified via M commands.

Programming

M3 ; Spindle clockwise
M4 ; Spindle counter-clockwise
M5 ; Spindle stop

Remark: Forinteger S values, the decimal pointcan be omitted, e.g. S270.

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017 105



Information

If you write M3 or M4 in a block with axis movements, the M commands become active before the axis movements.
Standard setting: Axis movements will only start once the spindle has accelerated to speed (M3, M4). M5 is alsoissued
before the axis movement. However, itdoes not waitfor the spindle to stop. Axis motion already starts before the spindle
comes to a standstill.

The spindle is stopped with the end of the program or with the following key:

7

RESET

At the beginning ofthe program, the spindle speed is zero (S0).

Note: Other settings can be configured via machine data.

Programming example

N10 Gl X70 Z20 F3 S270 M3 ; before the axis traversing X, Z the spindle accelerates to 270
r.p.m., clockwise

N20 X90 z0

N30 z-40

N40 M5

N50 M4 S290

N60 Gl X100 750

N70 S450 z100 ; Speed change

N80 X150 Z150

N90 GO 7180 M5 ; Z movement, spindle comes to a stop

N100 M30

11.9.2 Spindle positioning
11.9.2.1  Spindle positioning (SPOS, SPOSA, M19, M70, WAITS)

Functionality

SPOS, SPOSA OrM19 canbe used to set the spindle to specific angular positions, e.g. during tool change.

Angular position

SP0Os, sposa and M1 9 induce a temporary switchover to position-controlled mode until the next M3/M4/M5/M41 toM45.

Positioning in axis mode

The spindle can also be operated as a path axis, synchronized axis or positioning axis at the address defined in the machine
data. When the axis identifieris specified, the spindleis in axis mode. 70 switches the spindle directly to axis mode.

End of positioning

The end-of-motion criterion when positioning the spindle can be programmed using FINEA, CORSEA, OF T POENDA.
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The program advances to the next block if the end of motion criteria for the spindle or axes programmed in the current block

plus the block change criterion for path interpolation are fulfilled.

Synchronization

In order to synchronize spindle movements, wa1Ts can be used to wait until the spindle position is reached.

Conditions

The spindle to be positioned mustbe capable ofoperation in position-controlled mode.

Programming

Position spindle:
SPOS=<value>
SPOSA=<value>

M19/M<n>=19

Switch spindle overto axis mode:

M70/M<n>=70

Define end-of-motion criterion:

FINEA/FINEA[S<n>]

COARSEA/COARSEA[S<n>]

IPOENDA/I POENDA[S<n>]

TPOBRKA/IPOBRKA (<axis>[, <instant in time>]) ;Programmingin aseparate NC block.
Synchronize spindle movements:

WAITS/MAITS (<n>,<m>) ;Programmingin a separate NC block.

Significance
SPOS/SPOSA! Set spindle to specified angle
spos and sposa have the same functionality butdiffer in their block change behavior:
e sposdelaysthe enabling ofthe NC block until the position has been reached.
e sposaenablesthe NC block even if the position has not been reached.
<value>:Angularposition to which the spindle is to be set.
Unit: degrees
Type: REAL
The following options are available aboutprogramming the position approach mode:
=AC (<value>) : Absolute dimensions
Range of values: 0 ... 359,9999
=IC (<value>):Incremental dimensions
Range of values:0 ... £99999,999
=DC (<value>) :Approach absolute value directly
=ACN (<value>):Absolute dimension, approach in negative direction
=ACP (<value>):Absolute dimension, approach in positive direction
=<value>.aSDC (<value>)
M<n>=19: Set the spindle (M1 9 orM0=19) orspindle number <n> (M<n>=19) to the angular position presetwith
SD43240 $SA_M19_SPOS with the position approach mode presetin
SD43250 $SA_M19_SPOSMODE.
The NC blockis not enabled until the position has been reached.
M<n>=70: Switch the spindle (M70 ormMo=70) or spindle number <n> (M<n>=70) over to axis mode.
No defined position is approached. The NC blockis enabled after the switchover has been performed.
FINEA: Motion end when "Exact stop fine" reached
COARSEA: Motion end when "Exact stop coarse" reached
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IPOENDA: End of motion on reaching "interpolator stop"
IPOBRKA: A block change is possible in the braking ramp.
<axis>: Channel axis identifier
<instant in time>:Instantin time of the block change with reference to the brakingramp
Unit: Percent
Range of values: 100 (application pointofthe braking ramp)to 0 (end of the braking ramp)

If a valueis not assignedto the <instant in time> parameter,the currentvalue of the setting data is
applied:

SD43600 $SA_IPOBRAKE_BLOCK_EXCHANGE

Note:
IBOBRKA with aninstantin time of "0" is identical to IPOENDA.

WAITS: Synchronization command for the specified spindle

The subsequentblocks are not processed until the specified spindle programmed in a previous NC
block with sposa hasreached its end position (with exact stop fine).

waITs afterms: Wait for the spindle to come to a standstill.
WwaITS afterm3/m4: Wait for the spindle to reachits setpoint speed.
<n>, <m>: Number of the spindle to which the synchronization command is to be applied.

If the spindle numberis notspecified or if the spindle numberis setto "0", wa1Ts will be applied to the
spindle.

Note
Three spindle positions are possible foreach NC block.

Note
With incremental dimensions 1¢ (<value>), spindle positioning can take place over several revolutions.

Note
If position control was activated with spcon priorto spos, thisremains active until spcor isissued.

Note

The control system detects the transition to axis mode automatically according to the program sequence. Explicit
programming of M70 in the part program is, therefore, essentially no longer necessary. However, M70 can continue to be
programmed, forexample, to increase the legibility of the part program.

Programming examples
Example 1: Position spindle with negative direction of rotation

Spindle 1is to be positioned at 250° with negative direction of rotation:

N10 SPOSA[1]=ACN (250) The spindle is decelerated if necessary and accelerated in the
opposite direction to that of the positioning movement.
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——AC (250)

250° \\
0°

| —pcteso)

Example 2: Spindle positioning in axis mode

=

Program variant1:

N10 GO X100 7100

N20 M3 S500

N30 GO X80 280

N40 GO1 X60 760 F0.25

N50 SPOS=0 Position control on, spindle 1 positioned to 0, axis mode can be
used in the next block.

N60 X50 C180 Spindle(C axis) is traversed with linear interpolation synchronous
to X.

N70 z20 SPOS=90 Spindle is positioned to 90 degrees.

N80 M30

Program variant2:

N10 GO X100 Z100

N20 M3 S500

N30 GO X80 zZ80

N40 GO1 X60 Z60 FO0.25

N50 M2=70 Spindle switches to axis mode.

N60 X50 C180 Spindle(C axis) is traversed with linear interpolation synchronous
to X.

N70 Z20 SPOS=90 Spindle is positioned to 90 degrees.

N80 M30
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Example 3: Drill cross holes in turned part

Cross holes are to be drilled in this turned part. The running spindle is stopped at zero degrees and then successively turned
through 90°, stopped and so on.

GO X100 Zz100

N110 S2=1000 M2=3 Switch on cross drilling attachment.
N120 SPOSA=DC (0) Set main spindle to 0° immediately,
the program will advance to the next block straight away.
N125 GO X34 7Z-35 Switch on the drill while the spindle is taking up position.
N130 WAITS Wait for the main spindle to reach its position.
N135 G1 G94 X10 F250 Feedrate in mm/min (G96 is suitable only for the multi-edge turn-

ing tool and synchronous spindle, but not for power tools on the
cross slide.)

N140G0 X34

N145 SPOS=IC(90) The spindle is positioned through 90° with read halt in a positive
direction.

N150 G1 X10

N155 GO X34

N160 SPOS=AC(180) The spindle is positioned at 180° relative to the spindle zero
point.

N165 G1 X10

N170 GO X34

N175 SPOS=IC(90) The spindle turns in a positive direction through 90° from the
absolute 180° position, ending up in the absolute 270° position.

N180 G1 X10

N185 GO X50

M30

11.9.2.2 Spindle positioning (SPOS, SPOSA, M19, M70, WAITS): Further information

Further information
Positioning with SPOSA

The block step enabling or program execution is not affected by SPOSA. The spindle positioning can be performed during
execution of subsequentNC blocks. The program moves onto the next block if all the functions (except for spindle)
programmed in the current block have reached theirblock end criterion. The spindle positioning operation may be
programmed over several blocks (see WAITS).

Note
If a command, which implicitly causes a preprocessing stop, is read in a following block, execution of this blockis delayed
until the positioning spindle is stationary.

Programming and Operating Manual (Turning)
110 6FC5398-5DP10-0BA6, 09/2017



Positioning with SPOS/M19

The block step enabling condition is metwhen all functions programmed in the block reach their end-of-block criterion (e.g.
allauxiliary functions acknowledged by the PLC, all axes at theirend point) and the spindle reaches the programmed
position.

Velocity of the movements:

The velocity and the delay response for positioning are stored in the machine data. The configured values can be modified
by programming or by synchronized actions.

Specification of spindle positions:

As the G90/691 commands are not effective here, the corresponding dimensions apply explicitly,e.g.Ac, 1¢, bc, AcN, AcCP. If
no specifications are made, traversing automatically takes place as for bc.

Synchronize spindle movements with WAITS

WAITS can be used to identify a pointat which the NC program waits until the spindle programmed with sposa in a previous
NC block reachesits position.

Example:

N10 SPOSA[1]=180 SPOSA[1l]=0

G0l X34

GO0 X10

N40 WAITS (1) ;The block waits until the spindle 1 has reached the
position specified in block N10.

WAITS can be used after M5 to wait until the spindle(s) has (have) stopped. wa1Ts can be used after M3/M4 to wait until the
spindle has reached the specified speed/direction of rotation.

Note

If the spindle has not yet been synchronized with synchronization marks, the positive direction of rotation is taken from the
machine data (state on delivery).

Position spindle from rotation (M3/M4)

When M3 or M4 is active, the spindle comes to a standstill at the programmed value.

Direction of rotation Direction of rotation

—r~ —
SN

.

L-DC =AC

Programmable angle Programmable angle

There is no difference between pc and ac dimensioning. In both cases, rotation continuesin the direction selected by M3/M4
until the absolute end position is reached. With acn and Acp, deceleration takes place if necessary, and the appropriate
approach direction is taken. With 1c,the spindle rotates additionally to the specified value starting at the current spindle
position.

Position a spindle from standstill (M5)

The exact programmed distance is traversed from standstill (M5).
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11.9.3 Gear stages

Functionality

Up to 5 gear stages can be configured for a spindle for speed/ torque adaptation.

Programming
The relevantgear stage is selected in the program viaM commands:

M40 ; Automatic gear stage selection
M41 to M45 ; Gear stages 110 5

1110 Special turning functions

11.10.1 Constantcutting rate: G96, G97

Functionality
Requirement: A controlled spindle mustbe present.

With activated G96 function, the spindle speed is adapted to the currently machined workpiece diameter (transverse axis)
such that a programmed cutting rate S remains constanton the tool edge:
Spindle speed times diameter = constant.

The S word is evaluated as the cutting rate as of the block with G96. G96 is modally effective until cancellation by another G
function of the group (G94, G95, G97).

Programming

G96 S... LIMS=... F... ;Constant cutting speed ON

Go7 ;Constant cutting speed OFF

S ;Cutting rate, unit of measurementm/min.

LIMS= ;Upperlimitspeed of the spindle with G96, G97 effective
F ;Feedrate in mm/revolution - as for G95

Remark:

If G94 instead of G95 was active before, a new appropriate F value mustbe written.

See the following illustration for constant cutting rate G96:

|- -

+X (Transverse axis)

Y
N\

L1
1]

_@ M D2 D1 bw0_§D=spindle speed

D1, D2= diameter

=
— | D1 x SD1=D2 x SD2=Dn x SDn= constant

Rapid traverse
With rapid traverse GO, there is no change in speed.

Exception: Ifthe contour is approached atrapid traverse and the next block contains an interpolation type G1 or G2, G3,
CIP, CT (contour block), then the speed for the contour block is applied already in the approach block with GO.
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Upper speed limit LIMS=

When machining from large to small diameters, the spindle speed can increase significantly. In this case, it is recommended
to program the upper spindle speed limitation LIMS=... . LIMS is only effective with G96 and G97.

By programming LIMS=..., the value entered into the setting data (SD43230: SPIND_MAX_VELO_LIMS) is overwritten. This
SD takes effect when LIMS is not written.

The upperlimitspeed programmed with G26 or defined via machine data cannotbe overwritten with LIMS=.

Deactivate constant cutting rate; G97

The function "Constant cutting rate" is deactivated by G97. If G97 is active, a programmed S word is given in RPM as the
spindle speed.
If no new S word is programmed, the spindle turns at the last defined speed with G96 function active.

Programming example

N10 M3 S1000 ;Spindle's direction of rotation

N20 G96 S120 LIMS=2500 ;Activate constant cutting speed, 120 m/min, speed limit 2,500
r.p.m.

N30 GO X150 ;no change in speed, because block N31 with GO

N40 X50 z20 ;no change in speed, because block N32 with GO

N50 X40 ;Approach on contour, new speed is automatically set as is required
for the beginning of block N40

N60 Gl FO0.2 X32 725 ; Feedrate 0.2 mm/revolution

N70 X50 Z50

N80 G97 X10 720 ;Deactivating constant cutting rate

N90 S600 ;new spindle speed, r.p.m.

N100 M30

Information

The G96 function can also be deactivated with G94 or G95 (same G group). In this case, the last programmed spindle speed
S is active for the remaining machining sequence ifnonew S word is programmed.

The programmable offset TRANS or ATRANS (see Section 'Programmable work offset: TRANS, ATRANS|(Page 85)")
should not be used on the transverse axis X or used only with low values. The workpiece zero point should be located at the
turning center. Only then is the exact function of G96 guaranteed.

11.10.2 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 roundingisinserted in 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 inmm/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.
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Information
The chamfer/rounding functions are executed in the currentplanes G18 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 blocksin the connection are programmed thatdo not contain any information for traversing in the plane,
® aplanechangeiscarried 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.

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 chamferwith CHF using the example: between two straightlines.

N10 G1 ... CHF=...
—_—

N20 G1 ...

Y Angle bisector

X
e.g.. G17

See the followingillustration forinserting a chamferwith CHR using the example: Between two straight lines.

N10 G1 ... CHR=... CHR=

; N_ Chamfer
N

/ N20 G1 ...

Y Angle bisector

X
e.g.. G17
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Programming examples of chamfer

N10
N20
N30
N40
N50
N60
N70
N80
N90

GO X100 z100 G94 F100
Gl X80 CHF=5

X50 760

X40 750

Gl X30 CHR=7

X10 220

X0 z0

Gl FRC=200 X100 CHR=4
X120 720

’

’

’

Insert chamfer with chamfer length of 5 mm

Insert chamfer with leg length of 7 mm

Insert chamfer with feedrate FRC

N100 M30

Rounding RND or RNDM

A circle contourelementcan be inserted with tangential connection between the linear and circle contours in any

combination.

See the followingillustration for examples for inserting roundings:

Straight line/straight line:

Rounding

N10 G1...RND=...
—_—

Straight line/circle:
Rounding

N50 G1...RND=... 4
—_—

N10
N20
N30
N40
N50

N60
N70
N80

Programming examples for rounding

GO X100 Z100 G94 F100
Gl X80 RND=8

X60 Z70

X50 750

;Insert 1 rounding with radius 8 mm,

feedrate F

Gl X40 FRCM=

Gl X20 Z10

200 RNDM=7.3

Gl X0 Z-45 RNDM=0

;Modal rounding,
al)

radius 7.3 mm with special feedrate FRCM

;continue inserting this rounding - to N70
;Modal rounding OFF

M30
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11.10.3 Contourdefinition programming

Functionality

If direct end pointvalues for the contour are not visible in a machining drawing, angle values can also be used for straight
line determination. In a contour corner, you can insert the elements chamfer orrounding. The corresponding instruction
CHR=... or RND=... is written in the block that leads to the corner.

Contour definition programming can be used in blocks with GO or G1.

Theoretically,any number of straight-line blocks can be combined and a rounding or chamferinserted in between. Every
straight line mustbe clearly identified by point values and/orangle values.

Programming

ANG=... ; Specification ofangle to define a straightline
RND-=... ; Insert rounding, value: Radius of chamfer
CHR=... ; Insert chamfer, value: Side length of the chamfer
Information

If radius and chamfer are programmed in one block, only the radius is inserted regardless of the programming sequence.

Angle ANG=

An angle can be entered to uniquely define the straightline path if only one end pointcoordinate of the plane is known for a
straight line or for contours across multiple blocks the cumulative end point. The angle is always referred to the Z axis
(normal case: G18 active). Positive angles are aligned counter-clockwise.

See the followingillustration for angle value for determination of a straight line:

Contour Programming

XA End point in N20 not fully known

N10 G1 X1 21
N20 X2 ANG=...
or:

N10 G1 X1 21
N20 Z2 ANG=...

The values are only symbolic
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See the followingillustration for examples of multi-block contours:

Contour

Programming

XA (X5,23)

/ N30

ANG=...2
@7

/I\TZO ANG=...1

(X1,21)

N

End pointin N20 unknown
N10 G1 X1 Z1
N20 ANG=30
N30 X5 Z3 ANG=60
N40 M30

(X5,23)
ANG=...2

Ny

End point in N20 unknown,

insert rounding:
N10 G1 X1 21

N20 ANG=30 RND=0.1

N30 X5 Z3 ANG=60

analog

Inserting a chamfer:

N10 G1 X1 21
N20 ANG=30 CHR=0.1
N30 X5 Z3 ANG=60

(X1,21)  N20

End pointin N20 known
Inserting a rounding:
N10 G1 X1 Z1
N20 X2 Z2 RND=0.5
N30 X5 Z3
analog
Inserting a chamfer:
N10 G1 X1 Z1
N20 X2 Z2 CHR=0.2
N30 X5 Z3

Ny

End pointin N20 unknown
Inserting a rounding:
N10 G1 X1 Z1
N20 ANG=30 RND=0.3
N30 X5 Z3 ANG=60 RND=0.3
N40 X3 z4
analog
Inserting a chamfer:
N10 G1 X1 21
N20 ANG=30 CHR=0.3
N30 X5 Z3 ANG=60 CHR=0.3
N40 X3 z4
N50 M30
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1111 Tool and tool offset

11.11.1  General information (turning)

Functionality

During program creation for the workpiece machining, you do not have to take tool lengths or cutting radius into
consideration. You program the workpiece dimensions directly, e.g. according to the drawing.

The tool data must be entered separatelyin a special data area.
In the program, you will merely call the required tool with its offset data. The control system performs the required path

compensations based on the data to create the described workpiece.

See the following illustration for machining a workpiece with differenttool dimensions:

F - toolholder reference point @ F
M - machine zero
W workpiece zero T2

M oy
R

L

1

F

T1

11.11.2 ToolT (turning)

Functionality

The tool selection takes place when the T word is programmed. Whether thisis a tool change oronly a preselection is

defined inthe machine data:

® A tool change (tool call) takes place directly with the T word (e.g. typical for tool turrets on turning machines)

® The change takes place after the preselection with the T word by an additional instruction M6.

Note:

If a certain tool was activated, it remains stored as an active tool even beyond the end of the program and after switching

off/switching on the control system.

If you change a tool manually, inputthe change also 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 example
Tool change without M6
N10 T1

N20 T3

N30 T2

N40 T6

N50 T7

N60 T5

N70 T588

N80 M30

The control system can store a maximum of64 tools.

118
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11.11.3 Tooloffset number D (turning)

Functionality

It is possible to assign 1 to 9 data fields with different tool offset blocks (for multiple cutting edges) to a specifictool. If a
special cutting edge is required, then it can be programmed using D and the appropriate number.

If a D word is not written, D1 is automatically effective.

If DO is programmed, the offsets for the tool are ineffective.

Programming

D.. ; Tool offset number:1 ... 9, DO: No offsets active!

A maximum of 64 data fields (D numbers) fortool offset blocks can be stored in the control system simultaneously:

71| D1 D2 | D3 | [ D9
T2 (D1

T3 D1

76 | D1 D2 D3 |

78| D1 D2

Each tool has its own compensation block - a max. of nine

Information

Tool length compensations become effective immediately when the tool is active; when no D number was programmed with
the valuesof D1.
The compensation is retracted with the first programmed traversing of the associated length compensation axis.

A tool radius compensation mustalso be activated by G41/G42.

Programming example

Tool change:

N10 T1 ; Tool 1 is activated with the associated D1

N20 GO X100 ; The length offset compensation is overlaid here
N30 2100

N40 T4 D2 ; Load tool 4, D2 from T4 is active

N50 X50 z50

N60 GO Z62

N70 D1 ; D1 for tool 4 active, only cutting edge changed
N80 M30

Contents of a compensation memory

® (Geometrical dimensions: Length, radius.

They consist of several components (geometry, wear). The control system takes into accountthe components to obtain a
resulting dimension (e.g.overall length 1, total radius). The respective overall dimension becomes active when the offset
memory is activated.
The way in which these values are computed in the axesis determined by the tool type and the current plane G17, G18,
G19.

® Tool type

The tool type (drill or turning tool) determines which geometry data are required and how they will be calculated.

e Cutting edge position
For the "turning tool" tool type, you must also enter the cutting edge position.
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The following figures provide information on the required tool parameters for the respective tool type.

Effect

G18:

Length 1in X
Length2inZ

Turning tool
Y
Length 1
(X)
Tool tip P Length 2
(cutting edge)

2)

F - toolholder

reference point

See the followingillustration for turning tool with two cutting edges D1 and D2_length compensation:

eg.

D1 - cutting edge 1
D2 - cutting edge 2

X

Effect

G18:

Length 1in X
Length2inZ

Plunge cutter

Two compensation blocks required, D1: Length 1

X)

Tool tip P
(Cutting edge 1 = D1)

F - toolholder
&@} __reference point

D2: Length 1
(X)
D2:
Le(”z%th 2 N\ Tool tip P
(Cutting edge 2 = D2)
D1:
Length 2
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See the followingillustration for compensations for turning tool with tool radius compensation:

X Turning tool
F

f
&)

z

Length 1
X)
Tool tip P
(cutting edge) Length 2

2)

Effect R - radius of cutting edge (tool radius)
G18: Length 1in X
"ILength 2inZ S - position of cutting edge center point

F - toolholder reference point

Cutting edge position, position values between 1 and 8 are possible:

Note:

The values Length 1, Length 2 refer to
Point P in the cutting edge position 1...8

See the followingillustration for effect of the compensation for the drill:

Effect Drill F - toolholder reference point
G17:| Length 1inZ

G18: | Turning tools

Length 1

Center hole

Switch to G17 for application of a center hole. This makes the length compensation take effect for the drillin the Z axis. After
drilling, the normal compensation for turning tools takes effect again with G18.
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Programming example

N10 T3 D1 ;Drill
N20 G17 Gl F1 Z0 M3 s100 ; Tool length offset effective in Z axis
N30 z-15
N40 G18 M30 ; Drilling terminated
X
LT
M F
-® P Lo :
4
1
—

11.11.4 Selecting the tool radius compensation: G41, G42

Functionality

A tool with a corresponding D number mustbe active. The tool radius offset (cutting edge radius offset) is activated by
G41/G42. The controllerautomatically calculates the required equidistant tool paths for the programmed contour for the
respective current tool radius.

G18 mustbe active.

See the followingillustration for tool radius compensation (cutter radius compensation):

Cutting edge radius

r NG NS,
N I s
=
|
Programming
G41 X... Z... ; Toolradius compensation left of contour
G42 X... Z... ; Tool radius compensation right of contour

Remark: The selection can only be made for linearinterpolation (G0, G1).
Program both axes. If you only specify one axis, the second axis is automatically completed with the last programmed value.
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See the followingillustration for compensation to the right/left of the contour:

Starting the compensation

The tool approaches the contouron a straight line and positions itself vertically to the path tangentin the starting pointof the
contour.
Select the start point so as to ensure collision-free traversing.

See the following illustration for start of the tool radius compensation with the example G42:

Starting contour: Straight

Compensated
Tool path {

R - cutting edge radius

P1 - starting point of the contour

Starting contour: Circle
PO - starting point

Circle radius

MP

Tangent

The tool tip goes around the left of the workpiece when the tool runs clockwise using G41; 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 withoutcontour description, a maximum offive such blocks (for example, M commands) are
allowed;otherwise, the compensation will be interrupted.

Programming example

N10
N20
N30
N40
N50
N60
N70
N80
N90

T4 D1

Gl8

GO X60 Z50

GO G42 X50 z0
S1000 M3

M08

Gl 7z-30 FO0.15
X60 710

M30
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; M command

; M command

; Starting contour
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11.11.5 Cornerbehavior: G450, G451

Functionality

Using the functions G450 and G451, you can set the behavior for non-continuous transition from one contour elementto
another contour element(corner behavior) when G41/G42 is active.

Internal and external corners are detected automatically by the control system. For internal corners, the intersection of the
equidistant pathsis always approached.

Programming

G450 ;Transition circle
G451 :Point of intersection

See the followingillustration for corner behavior at an external corner:

External corner Transition circle External corner

G450 (radius = tool radius) G451 Point of intersection

See the followingillustration for corner behavior at aninternal 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, asfar 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 equidistant paths, the point(intersection) that results from the center pointpaths of the tool
(circle or straight line) is approached.
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11.11.6 Toolradius compensationOFF: G40

Functionality

The compensation mode (G41/G42) is deselected with G40. G40 is also the switch-on position at the beginning ofthe

program.
The tool ends the block before G40 in the normal end position (compensation vector vertical to the tangentin the end point);

independently ofthe start angle.
If G40 is active, the reference pointis the tool tip. The tool tip then travels to the programmed pointupon deselection.

Always select the end point of the G40 block such that collision-free traversing is guaranteed!

Programming

G40 X... Z... ; Toolradius compensation OFF

Remark: The compensation mode can only be deselected with linearinterpolation (G0, G1).

Program both axes. If you only specify one axis, the second axis is automatically completed with the last programmed value.

See the followingillustration for ending the tool radius compensation with G40:

Final contour: Straight Final contour: Circle

[
|
i o0& G40 />
/> P2 6
= mt Tangent :

P2 P1
o MP
____________ Circle

radius

R - cutting edge radius P2 - end point, block with G40

Programming example

N10 T4 D1 M3 S1000 FO.1
N20 GO X50 Z50

N30 Gl G42 X30 240

N40 G2 X20 720 R15

N50 G1 X10 Z10
N60 G40 Gl X0 z0 ;Last block on the contour, circle or straight line, P1

N70 M30 ;Switch off tool radius compensation,P?2

11.11.7 Special cases of the tool radius compensation

Change of the compensation direction

The G41 « G42 compensation direction can be changed withoutwriting G40 in between.
The last block that uses the old compensation direction will end atthe normal end position of the compensation vectorin the

end point. The new compensation direction is executed as a compensation start (default setting at starting point).

Repetition of G41, G41 or G42, G42

The same compensation can again be programmed without writing G40 in between.
The last block before the new compensation call will end atthe normal positon of the compensation vectorin the end point.
The new compensationis carried out as a compensation start (behavior as described for change in compensation direction).

Changing the offset number D

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. Its complete modification is only achieved atthe end of the block. In other words:
The modification is traversed continuously over the entire block, also for circularinterpolation.
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Cancellation of compensation by M2

If the offset mode is canceled with M2 (program end) withoutwriting the command G40, the last block with coordinates ends
in the normal offsetvector setting. No compensating movementis executed. The program ends with this tool position.
Critical machining cases

When programming, pay special attention to cases where the contour path for inner corners is smaller than the tool radius;
and smallerthan the diameter for two successive inner corners.

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.

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 avoidslongidle motions.

11.11.8 Example of tool radius compensation (turning)

See the following example oftool radius compensation, cutting edge radius shown magnified:
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20 40 8 30 20 5

Programming example

N1

N10
N15
N20
N30
N40
N50
N60
N70
N80
N90
N95

N2 T1

DIAMOF FO.15 S1000 M3
G54 GO G90 X100 Z15
X0 Z6

Gl G42 G451 X0 Z0

G91 X20 CHF=(5* 1.1223)
7Z-25

X10 z-30

7-8

G3 X20 Z-20 CR=20

Gl Z-20

X5

N100 z-25
N110 G40 GO G90 X100
N120 M2

126

; Contour cut
; Tool 1 with offset D1
; Radius dimension, technological values

; Start compensation mode

Insert chamfer, 30 degrees

; Terminate compensation mode
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11.11.9 Special handling oftool compensation (turning)

Influence of setting data

With the use of the following setting data, the operator/programmer can influence the calculation ofthe length compensation
of the tool used:

e SD 42940: TOOL_LENGTH_CONST
(Assignmentoftool-length components to geometry axes)

e SD 42950: TOOL_LENGTH_TYPE
(Assignmentofthe tool-length components independent oftool type)

Note
The modified setting data will become effective with the next cutting edge selection.

Examples

With SD 42950: TOOL_LENGTH_TYPE =2
a milling tool used is taken into accountin length compensation as a turning tool:

® G17:Length1inY axis, length 2 in X axis
® (G18:Length1in X axis, length 2 in Z axis
® G19:Length1in Z axis, length 2 in Y axis

With SD 42940: TOOL_LENGTH_CONST =18
the length assignmentis performed in all planes G17 to G19 as for G18:

® |ength1in Xaxis, length 2 in Z axis

Setting data in the program

In addition to setting of setting data via operatorinput, these can also be written in the program.

Programming example

N10 $MC_TOOL LENGTH TYPE=2
N20 S$SMC_TOOL_LENGTH CONST=18

11.12 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 manufacturer ofthe control system. The
functions not yet assigned fixed functions are reserved for free use of the machine manufacturer.

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 functionsbecome
effective after the traversing movements.

The functions M3, M4, M5 are output to the internalinterface (PLC) before the traversing movements. The axis movements
only begin once the controlled spindle hasramped up for M3, M4. For M5, however, the spindle standstill is not waited for.
The axis movements already begin before the spindle stops (default setting).

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.
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Note
The M function interrupts the G64 continuous path mode and generates exact stop.

Programming example

N10 S1000

N20 Gl X50 FO.1 M3 ;M function in the block with axis movement, spindle acceler-
ates before the X axis movement

N180 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 the PLC (Programmable Logic
Controller).In all, a maximum of 10 such function outputs are possible in a block.

1113 H function

Functionality

With H functions, floating pointdata (REAL data type - as with arithmetic parameters, see Section 'Arithmetic parameter R
(Page 128)") 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

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 function outputs of this type are possible in a part program block.

1114  Arithmetic parameters, LUD and PLC variables

11.14.1  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=R0 ;Assign arithmetic parameters to the NC addresses, e.g. for the X axis
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Value assignments
You can assign values in 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 ofarithmetic 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

Arithmetic operations/arithmetic functions

When operators/arithmetic functions are used, it is imperative to use conventional mathematical notation. Machining
priorities are set with round brackets. Otherwise, multiplication and division take precedence over addition and subtraction.

Degrees are used for the trigonometric functions.

Programming example: Calculating with R parameters

N10 Rl= 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 addi-
tion 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

N10 Gl G91 G94 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 Rl directly value 5 (integer)
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R2=6

R1=R2-1

N100 R[R1]=27.123 ; Indirectly assign R5 the value 27.123
M30

11.14.2 LocalUserData(LUD)

Functionality

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 same time. Otherwise the starting

valueis zero.
The name of a variable can be defined by the programmer. The naming is subjectto the following rules:

e A maximum of 31 characters can be used.

® |tisimperative to use letters for the first two characters; the remaining characters can be letters, underscore or digits.

® Do notuse a name already used in 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 ASCIl 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
Each data type requiresits own program line. However, several variables of the same type can be defined in 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 PVARG [n, m] ; Two-dimensional field, type INT, n, m: integer

Example:

|DEF INT PVAR7[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 index runs 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 PVARS[2]=SET (1,2, 3) ;After the 3rd field element, different values are assigned.

Value assignmentforfield with REP instruction:

|N20 PVAR7[4]=REP (2) ;After field element [4] - all are assigned the same value,
here 2.
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11.14.3 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_DBBJ[n] ;Data byte (8-bit value)
$A_DBWIn] ;Data word (16-bit value)
$A_DBDIn] ;Data double-word (32-bitvalue)
$A_DBRIn] ;REAL data (32-bitvalue)

"n" stands here for the position offset (start of data area to start of variable) in bytes

Programming example
|Rl:$A7DBR[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
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1115 Program jumps

11.156.1  Unconditional program jumps

Functionality
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) orblock number

See the followingillustration 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

11.15.2 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) or block number
IF ;Introduction of the jump condition

Condition ;Arithmetic parameter, arithmetic expression for formulating the condition

Comparison operations

Operators Meaning

== Equalto

Not equal to

vI|A
\%

greaterthan

less than

greaterthan or equal to

AlVIA
I

less than or equal to

The comparison operations supportformulating ofajump 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 ;Rl 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

N800 LABEL3: GO X80 Z80
GO X100 Z100

having LABEL3
M30
Several conditional jumps in the block:
N10 MC1l: GO X20 z20
N20 GO X0 z0
N30 IF R1==1 GOTOB MC1l IF R1==2 GOTOF MAZ2
N40 GO X10 zZl10
N50 MA2: GO X50 z50
N60 M30

N1000 IF R45==R7+1 GOTOB LABEL3 ;If R45 is equal to R7 plus 1 then go to the block

N10 IF R1 GOTOF LABEL1 ;If Rl is not null then go to the block having LABEL1
GO X30 z30

N90 LABELl: GO X50 z50

N100 IF R1>1 GOTOF LABEL2 ;If Rl is greater than 1 then go to the block having

LABEL2

GO X40 z40

N150 LABEL2: GO X60 Z60

GO X70 z70

Note
The jump is executed for the first fulfilled condition.
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11.15.3 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 in R4

Position of circle centerin Z: 50 mm in RS
Position of circle centerin X: 20 mm in R6

See the followingillustration forlinear approach of points on a circle segment:

A R4 =11 (number of points)

Point 11

R6

\j

@

[ z
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(R1)+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.
11.15.4 Jumpdestination for program jumps

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.
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Labels that 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 numberis also present, the label is located after the block number.

Labels mustbe unique within a program.

Programming example

N10 LABELl: G1 X20 ; LABEL1 is the label, jump destination
N20 GO X10 Zz10

TR789: GO X10 Z20 ;TR789 is the label, jump destination
GO X30 z30 - No block number existing

N100 GO X40 740 ;Block number can be jump target

M30

1116  Subroutine technique

11.16.1 General information

Usage
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 machining cycle. Machining cycles contain universally valid machining scenarios. By
assigning values via included transfer parameters, you can adaptthe subroutine to your specific application.

Layout

The structure of a subroutine is identical to that of a main program (see Section 'Program structure (Page 81)"). 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.

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.

See the following example ofa sequence when a subroutine is called in a two-channel manner:

Main program
Sequence

MAIN123

Subprogram

L10
N10 R1=34

N20 L10 ; Call t Call

N21 ... Return

o N20 X... Z...

¥

M2
‘md

M2 \ 4

N80 L10 ; Call
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Subroutine name

The subprogram 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:BUCHSE7

It is also possible to use the addressword L... in subroutines. The value can have 7 decimal places (integers only).
Please observe: With addressL, leading zeros are meaningful for differentiation.

Example:L128isnotL0128 orL00128.
These are 3 different subroutines.

Note: The subroutine name LL6 is reserved for tool change.

Subroutine call

Subroutines are called in a program (main or subprogram) with theirnames. To do this, a separate blockis required.
Example:

N10 L785 ; Subprogram call L785
N20 SHAFT7 ; Subprogram call SHAFT7
Program repetition P...

If a subroutine isto be executed several timesin succession, write the numberoftimesiit is to be executed in the block of
the call after the subroutine name underthe address P. Amaximum of9,999 cycles are possible (P1 ... P9999).
Example:

|N10 L785 P3 ; Subprogram call 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.

See the followingillustration for execution with 8 program levels:

1st level 2nd level 3rd level 8th level

Main Program

Subprogram

7 l Subprogram

Subprogram
'Y
L

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 7 program levels are needed.
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11.16.2 Calling machiningcycles (tuming)

Functionality

Cycles are technology subroutines thatrealize a certain machining process. Adaptation to the particular problem is
performed directly via supplying parameters/values when calling the respective cycle.

Programming example
N10 DEF REAL RTP, RFP, SDIS, DP, DTB

N20 G18 X100 Z100
N30 M3 S100 FO.1

N40 G17 XO
N50 CYCLE83 (110, 90, 0, -80, 0, -10, O, ;Call of cycle 83, transfer values directly,
0, 0, 0, 1, 0) separate block

N60 GO X100 Z100

N70 RTP=100 RFP= 95.5 SDIS=2.4, DP=-20, ;Set transfer parameters for cycle 82
DTB=3

N80 CYCLE82 (RTP, RFP,SDIS, DP, , DTB) ;Call of cycle 82, separate block
N90 M30

11.16.3 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 and setting data is used for the ExTCcALL command:

e MD18362 $MN_MM_EXT_PROG_NUM
Number of program levels that can be processed simultaneously from external

e SD42700$SC_EXT_PROG_PATH
Program path for external subroutine call EXTCALL

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 specificationin 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"
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® 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")

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 EXTcaALL 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 FO.5

N20 MSG ("CALL Turning")

N30 CALL "//NC:/MPF.DIR/BOHRUNG.SPEF"

N40 M30

The "BOHRUNG.SPF" subprogram stored in the NC directory is to be reloaded:

N10 G1 F1000 G94

N20 X=10 Z=10

N30 GO X50 Z50

N999999 M17

e (Calling an external subroutine

The "Main.mpf'main program stored in the NC directory is selected for execution:

N10 GO X0 z0

N20 EXTCALL ("USB:\BOHRUNG.SPF") *

N30 GO X100 2100

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 stickis to be reloaded:

N10 G1 F1000 G94

N20 X=10 Z=10

N30 GO X50 Z50

N999999 M17
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1117 Timers and workpiece counters

11.17.1 Runtimetimer

Fun ctionality

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 system power-up with defaultvalues (in minutes)
It is automatically resetin the case of a system power-up with defaultvalues.

e $AN_POWERON_TIME
Time since the last system power-up (in minutes)
It is reset to zero automatically after each power-up of the control system.

Timers that can be activated 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 with
each power-up of the control system.
e $AC_CYCLE_TIME
Runtime ofthe selected NC program (in seconds)
The runtime between program startand end is measured in the selected NC program. The timer is reset with the start of
a new NC program.
e $AC_CUTTING_TIME
Tool actiontime (in seconds)

The runtime of the path axes is measuredin all NC programs between program startand end withoutrapid traverse
active and with the tool active (default setting).

The measurementisinterrupted when a dwell time is active.
The timeris automatically setto zero after each power-up ofthe control system.

Programming example

N10 IF $SAC CUTTING TIME>=R10 GOTOF WZZEIT ; Tool operation time limit value?
GO X50 Z50

N80 WZZEIT:GO X60 Z60

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:

] 7 for Sett. ” Time
L’ data counter

OFFSET
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Window display:

Times / Counter

Parts in total ©)

Parts required ® 0

Part count ® 0

Run time @ 0000 H 00 M 00 s
Cycle time ® 6000 H 00 M 00 s
Cutting time ® 0000 H 060 M 00 s
Setup time @) 0002 H 44 M
Power-on time 0081 H 48 M

@® = $AC_TOTAL_PARTS G = $AC_CYCLE_TIME
=$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 key operations:

— -

M =) Time
| S—|
MACHINE AUTO counter

11.17.2 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).

You can use the machine data to control counter activation, counterreset timing and the counting algorithm.

Counters

¢ $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 ofall workpieces produced since the start time.

The counteris set to zero upon every booting of the control system automatically.
e $AC_ACTUAL_PARTS

Number ofactual workpieces (actual)
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This counterregisters the number ofall 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 SAC_REQUIRED_PARTS (workpiece target). Users mustreset the counter
themselves.

Programming example

N10 IF $AC TOTAL PARTS==R15 GOTOF SIST ; Count reached?
GO0 X50 750

N80 SIST:GO0 X60 Z60

N90 MSG("Workpiece setpoint reached")

N100 MO

M30

Display
The content of the active system variablesis visible in the window opened through the following key operations:

o ” gn Sett. ~ Time
OTF?SE data counter
Window display:

Times / Counter

Parts in total @ 0

Parts required ® 0

Part count ® 9

Run time @ 0000 H 00 M 00 s
Cycle time ® 0000 1 060 M 00 5
Cutting time ® 0000 H 00 M 00 s
Setup time @) 0002 H 44 M
Power-on time 0001 H 48 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 key operations:

— —

M =) Time
| B
MACHINE AUTO counter

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017

141



1118 Kinematic transformation

11.18.1 Face millingon turned parts (TRANSMIT)

Function

The TRANSMIT function enables the following:

® Face machining onturned partsin the turning clamp (drill-holes, contours).

® A cartesian coordinate system can be used to program these machining operations.

® The controllermaps the programmed traversing movements ofthe Cartesian coordinate system onto the traversing
movements of real machine axes (standard situation):

— Rotary axis:
The main spindle functions here as the machine rotary axis.

— Infeed axis perpendicularto rotary axis
— Longitudinal axis parallel to rotary axis
— The linearaxes are positioned perpendicularto one another.
® Atool center offset relative to the turning center is permitted.
® The velocity control makes allowance for the limits defined for the rotations.

® |n addition to the tool length compensation, itis also possible to work with the tool radius compensation (G41,G42).

TRANSMIT transformation type
TRANSMIT in the standard case with (TRAFO_TYPE_n = 256)

Syntax
TRANSMIT
TRAFOOF
Rotary axis

The rotary axis cannotbe programmed as it is occupied by a geometry axis and thus cannot be programmed directly as
channel axis.
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Meaning

TRANSMIT: Activates the first declared TRANSMIT function. This function is also designated as polar transformation.
TRAFOOF: Deactivates an active transformation.

OFFN: Offset contour normal: Distance of the face machining from the programmed reference contour.

Note

An active TRANSMIT transformation is likewise deactivated if one of the other transformationsis activated in the relevant
channel (e.g. TRACYL).

Example

Program code

Comment

N10
N20
N30
N40
N50
N60
N70
N80
N90
N100
N110
N120
N130
N140
N150
N160
N170
N180
N190
N200
N210
N220
N230
N240
N250

Programming and Operating Manual (Turning)

Tl D1 G54 G17 G90 F1000 G94
GO X20 7210 SPOS=45
SETMS (2)
M3 52000

TRANSMIT

ROT RPL=-45

DIAMOF

Gl X10 Y-10 G41 OFFN=10FFN
X-10

Y10

X10

Y-10

Gl Z20 G40 OFFEN=0
T2 D1 X15 Y-15

7210 G41

Gl X10 Y-10

X-10

Y10

X10

Y-10

7220 G40

TRAFOOF

SETMS (1)

GO X20 Z10 SPOS=45
M30

6FC5398-5DP10-0BAG, 09/2017

Tool selection

; Approach the starting position
Set the second spindle as the main spindle

Run the spindle

; Activate TRANSMIT function

Set frame

Square roughing; 1 mm tolerance

Tool change

Square finishing

Deselect frame

Set the first spindle back

; Approach the starting position

143



Description

Pole
There are two ways of passing through the pole:

® Traverse the linearaxisalone
® Traverse to the pole, rotate the rotary axis at the pole and traveling away from the pole
Make the selection using MD 24911 and 24951.

Information

The turning center with X0/YO0 is designated as the pole. Workpiece machining operations close to the pole are not
recommended since these may require sharp feedrate reductions to preventoverloading ofthe rotary axis. Avoid selecting
TRANSMIT when the tool is positioned exactly on the pole. Ensure that the path of the tool center pointdoes not travel
through the X0/YO0 pole.

11.18.2 Cylinder surface transformation (TRACYL)

Functionality

® The TRACYL cylindersurface 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 grooves is 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
traversing movements ofthe real machine axes. The main spindle functions here as the machine rotary axis.

o TRACYL mustbe configured using special machine data. The rotary axis position at which the value Y=0 is also defined
here.

e [f the machine hasareal machine Y-axis (YM), an expanded TRACYL variantcan also be configured. This allows
grooves with groove wall offset to be produced: the groove wall and base are perpendicularto each other- eveniif the
milling tool's diameteris smallerthan the groove width. This is otherwise only possible with exact fitting milling cutters.
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TRACYL transformation types

There are three forms of cylinder surface coordinate transformation:
e 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 additionallinear axis for groove side compensation (Z axis).

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 parameterforthe 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 othertransformationsis 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=...; distance in mm
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Note

Set OFFN=0 once the groove has been completed. OFFN is also used outside of TRACYL - for offset programmingin

combination with G41, G42.

Example: Tool definition

The following example is suitable for testing the parameterization ofthe TRACYL cylinder transformation:

Program code

Comment

Tool parameters
Number (DP)

STC DP1[1,1]1=120
STC DP2[1,1]1=0

Program code

Meaning

Tool type (Milling tool)
Cutting edge position (Only for turning tools)

Comment

Geometry Length compensation

STC DP3[1,1]=8 Length offset vector (Calculation acc. to type and plane)
$TC_DP4[1,1]=9

$TC4DP5[1 11=7

Program code Comment

Geometry Radius

STC DP6[1,1]1=6 Tool radius

$TC DP7[1,1]=0 Slot width b for slotting saw, rounding radius for milling tools
$TC4DP8[ 11=0 Projection k (For slotting saw only)

STC DP9[1,1]1=0

STC DPIO[ ,11=0

$TC DP11[1,1]1=0 Angle for taper milling tools

Program code

Comment

Wear
$TC DP12[1,1]1=0

146

Length and radius compensation
Remaining parameters to $TC DP24=0 (Tool base dimension/adapter)
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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 T1 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

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 z-10

N170 X25

N180 TRAFOOF

N190 DIAMON ; Diameter dimensioning

N200 G40 ; Tool radius compensation off
N210 GO X80 7100 ; Retraction in rapid traverse
N220 M30 ; End of program

Description
Without groove wall offset (transformation type 512)

The controllertransforms the programmed traversing movements of the cylinder coordinate system to the traversing
movements ofthe real machine axes:

e Rotary axis
e Infeed axis perpendicularto rotary axis

e [ongitudinal axis parallel to rotary axis
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The linear axes are positioned perpendicular to 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.

Groove traversing-section

In the case of axis configuration 1, longitudinal grooves along the rotary axis are subjectto parallel limits only ifthe groove
width corresponds exactly to the tool radius.

Grooves in parallel to the periphery (fransverse grooves) are not parallel at the beginning and end.
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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 variantmakes use of redundancy in order to perform improved
tool compensation. The following conditions then
applyto the second linear axis:

® Asmallerworking area
® The second linear axis 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.

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.
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A part program for milling a groove generally comprises the following steps:

1. Selecting a tool

2. Select TRACYL

3. Select suitable coordinate offset (frame)
4. Positioning

5.
6
7
8
9

Program OFFN

. Select TRC
. Approach block (position TRC and approach groove side)
. Groove centerline contour

. 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

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.

It is possible to change OFFN within a part program. This could be used to shift the groove center line from the center
(see diagram).

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 slightly
smallerthan halfthe groove width.
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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 factor is not programmed, then coupling factor 1 automatically applies.

TRAILOF Command fordeactivating a coupled axis group

Effectiveness: modal

Programming TRATLOF with 2 parameters deactivates the coupling to the specified lead-
ing axis:

TRAILOF (<coupled-motion axis>,<leading axis>)

Programming TRATLOF without specifying aleading axis produces the same result:
TRAILOF (<coupled-motion axis>)

Note

The motion of a coupled-motion 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 groups is 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.
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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.

Dynamics limit

If a coupled axis group is activated in the part program, the dynamic response 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 movementsin 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 RO ; 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 that you can use to carry out a specific machining process, such as
tapping. These cycles are adapted to individual tasks by parameterassignment.

Drilling cycles and turning cycles
You can carry out the following standard cycles by using the control system:
e Drilling cycles

CYCLES1:Drilling, centering

CYCLES82: Drilling, counterboring

CYCLEBS83: Deep-hole drilling

CYCLES84:Rigid tapping

CYCLEB840: Tapping with compensating chuck

CYCLES85:Reaming 1

CYCLES6:Boring

e Turning cycles
CYCLE92: Cut-off
CYCLE93:Recess
CYCLE94:Undercut(DIN form E and F)
CYCLED95: Stock removal with relief cutting
CYCLE96: Thread undercut
CYCLE98: Thread chain
CYCLE99: Thread cutting
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12.2 Programming cycles

A standard cycle is defined as a subroutine with name and parameterlist.

Call and return conditions
The G functions effective priorto the cycle call and the programmable offsets remain active beyond the cycle.
The machining plane G17 for drilling cycles or G18 for turning cycles is defined before calling the cycle.

With drilling cycles, the drilling operation is carried out in the axis standing vertically to the current plane.

Messages output during execution of a cycle
Messages aboutthe 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 parameter listwhen the cycle is called.

Note
Cycle calls mustalways be programmed in a separate block.

Basic instructions with regard to the assignment of standard cycle parameters

Each defined parameter ofa cycle has a certain data type. The parameterbeing used mustbe specified when the cycle is
called. The following can be transferred in the parameterlist:

® 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 transfer parameters are omitted at the end of the parameterlist, the parameterlistmustbe prematurely ended with ")". If
any parameters are to be omitted within the list, a comma™"..., ,..." must be 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.

When calling the cycle, if the parameterlist contains 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 of the 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.
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123 Graphical cycle programming in the program editor

The program editor in the control system provides cycle programming. You can enter parametersin the cycle and call the
cycle inthe program.

Function

The cycle supportconsists of three components:

® Cycle selection

® Inputscreens for parameterassignment

e Helpdisplay percycle

Operating the cycle support
To add a cycle call to the program, proceed through the following steps:
j 1. Select the program editing operating area.
PROGRAM
2. Select a cycle type with the corresponding horizontal softkey to open the lower-level vertical
E - Drill. softkey bar until the desired input screen form with the help display appears on the screen.
=£‘= Turn.
3. Enter the values directly (numerical values) orindirectly (R parameters, forexample, R27,

or expressions consisting of R parameters, for example, R27 + 10).

If numerical values are entered, the control system will automatically perform 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| 2 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
4

Cancel

Recompiling

Recompiling of program codes serves to make modifications to an existing program using the cycle support.

Position the cursor on the program line for the cycle to be modified and press this softkey. This
ngg Re reopens the inputscreen of parameter assignmentfor the cycle, and you can modify and accept the
=—— comp. parametervalues.
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124 Drilling cycles

12.4 .1 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 parameter list.

They all follow a different technological procedure and are therefore parameterized differently.

The drilling cycles can be modally effective, i.e. they are executed at the end of each block which contains motion
commands.

There are two types of parameters:
® Geometrical parameters
® Machining parameters

The geometrical parameters are identical with all drilling 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 CYCLES2.

The machining parameters have a differentmeaning and effect in the individual cycles. They are therefore programmed in
each cycle separately.

See the followingillustration for geometrical parameters:

XA Geometrical parameters

W}E

VaVd
(/]
|
|
|

—X-———@S

Retraction plane

Safety clearance

Reference plane

Final drilling depth

124.2 Requirements

Call and return conditions

Drilling cycles are programmed independently of the actual axis names. The drilling position mustbe approached in 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 parametersin 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 s to be defined by selecting plane G17 and activating a programmable offset. The drilling axis
is always the axis of this coordinate system which stands vertically to the current plane.

A tool length compensation mustbe selected before the cycle is called. Its effect is always perpendicular to the selected
plane and remains active even after the end of the cycle.
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In turning, the drilling axisis thus the Z axis. Drilling is performed to the end face of the workpiece.

See the followingillustration for drilling axis when turning:

: Length compensation :

A X
Drilling axis
[ ASSTSO -
N B D) .

Dwell time programming

The parameters fordwell times in 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.

Special features when using drilling cycles on a turning machine

Simple turning machines withoutdriven tools can apply drilling cycles only for drilling on the end face (with Z-axis) in the
turning center. These drilling cycles mustalways be called inthe G17 plane.

See the following example for drilling centering _drilling on turning center withouttool:

AX A-B
//
ﬁﬁ/ﬁ
R\, .
& >
' 35 100 108

Turning machines with driven tools can also drill off-center on the end face or on the peripheral surface if the machine setup

permits this.

The following mustbe observed when drilling off-center on the end face:

e Working planeis G17 - Z is the resulting tool axis.

® The spindle of the driven tool mustbe declared to the master spindle (SETMS command).

® The drilling position can be programmed either with X and the C-axis or, if TRANSMIT is active, with Y and Z.
See the followingillustration for drilling on end face with a driven tool:
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The following mustbe observed when drilling on the peripheral surface:
® Working planeis G19 - X is the resulting tool axis.
® The spindle of the driven tool mustbe declared to the master spindle (SETMS command).

® The drilling position can be programmed either with Zand the C-axis or, if TRACYL is active, with X and Z.
See the followingillustration for drilling on peripheral surface with a driven tool:
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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
e Traversing to the final drilling depth with the feedrate (G1) programmed prior to the cycle call

® Retracting to the retraction plane with GO

Explanation of the parameters
RFP and RTP (reference plane and retraction plane)

Normally, reference plane (RFP) and return plane (RTP) have differentvalues. The cycle assumes that the retraction plane
precedes the reference plane. This means that the distance from the retraction plane to the final drilling depthis largerthan
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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See the followingillustration for final drilling depth:

XA

z
_Csznjmunnnnun

RTP
RFP+SDIS
RFP

¥

DP=RFP-DPR GO G1

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 message line.

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 CYCLE81 drilling cycle. The drilling axis is always the Z axis.

See the following example for drilling centering_drilling on turning center withouttool:

AX A-B
7
Ll L/
N _
& >
" 35 100 108

N10
N20
N30
N40

M30

160

GO G17 G90 F200 S300 M3

D1 T3 7110
X0
CYCLES1 (110,

100,

2,

35,)

; Specification of technology values
; Approach retraction plane
; Approach drilling position

; Cycle call with absolute end drilling depth, safety
clearance and incomplete parameter list

; Program end
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124 .4

Programming

CYCLES82 (RTP, RFP, SDIS, DP, DPR, DTB)

Drilling, counterboring - CYCLES82

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)

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:

® 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 Dwelltime atfinal drilling depth

® Retraction to the retraction plane with GO

Explanation of the parameters
For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section |'Drilling, centering- CYCLE81

(Page 159)".

See the following parameters for CYCLE82:

AX

Bitie g
O z
NNRNAN
NN
‘« o o

> RTP
REP+SDIS & ¥ <&
RFP G4 G1 GO

DP=RFP-DPR

DTB (dwell time)
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The dwell time to the final drilling depth (chip breakage) is programmed under DTB in seconds.

Programming example 1: Boring_counterboring
The program machines a single hole of a depth of 20 mm at position X0 with cycle CYCLES82.

The dwelltime programmed is 3 s, the safety clearance in the drilling axis Z is 2.4 mm.

N10 GO G90 G54 F2 S300 M3 ; Specification of technology values

N20 D1 T6 Z50 ; Approach retraction plane

N30 G17 X0 ; Approach drilling position

N40 CYCLE82 (3, 1.1, 2.4, -20, , 3) ; Cycle call with absolute final drilling depth and safety
clearance

N50 M2 ; End of program

Programming example 2

Proceed through the following steps:

j 1. Select the program editing operating area.
PROGRAM
2. Open the vertical softkey bar for available drilling cycles.
E Drill.
3. Press this softkey from the vertical softkey bar.
Center
drilling
Center 4, Press this softkey to open the window for CYCLE82. Parameterize the cycle as desired.
drilling
B 4AA 09:55:85
j s 2015/05/18
NC:\MPF\1.MPF
CYCLES2 Retract plane, ahsolute
RTP 5.06000
2 RFP 0.00000
SDIS 2.86000
DP -20 . 06000
DPR .80000
AP DTB 8.50000
REP SDIS
DP

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, -28, 8, 8.5)1

i

==eof==

0K
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124.5 Deep-hole driling- 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

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:

>Q: if traction value

=0: retraction value 1Tmm set
DTD REAL Dwelltime at final drilling depth
Values:

>0: in seconds

<0:in revolutions
=0: value sameas DTB

DIS1 REAL Programmabile limitdistance for reinsertion 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.
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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 eitherbe retracted to the reference plane + safety clearance after every infeed depth for swarf removal or
retracted by 1 mm eachtime.

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 sequence below:
Deep-hole drilling with chip removal (VARI=1):
® Approaching the position of safety distance relative to the reference plane with GO

® Traversingto 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 atfinal drilling depth (parameter DTB)

® Retracting to a position of safety distance relative to the reference plane for swarf removal with GO

® Dwelltime at the starting point(parameter DTS)

e Approach of the drilling depth last reached, reduced by anticipation distance with GO

® Traversingto the next drilling depth with G1 (sequential motions is continued until the final drilling depth is reached)

e Retracting to the retraction plane with GO

FDEP RTP 3 ¥
L_RFP+SDIS G4 G0 G1
FDEP RFP
DP = RFP-DPR

Deep-hole drilling with chip breakage (VARI=0):
® Approaching to a 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)

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)

® Traversing to the next drilling depth with G1 and the programmed feedrate (sequence of motions is continued until the
final drilling depth is reached)

e Retracting to the retraction plane with GO
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| RTP
RFP+SDIS
RFP & & %
FDEP G4 GO G1
DP = RFP-DPR

Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section ['Drilling, centering - CYCLE81
(Page 159)".

Interrelation of the parameters DP (or DPR), FDEP (or FDPR) and DAM

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 amount of 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 If 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 enter 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 breaking. If VARI=1 (for chip
removal), the drill traverses in each case to the reference plane shifted by the amountofthe safety clearance.
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Note

The anticipation distance is calculated internally in the cycle as follows:

e 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.

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-insertionin the hole can be programmed.
The limitdistance is calculated within the cycle as follows:
e Up to a drillingdepth of 30 mm, the valueis 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: Deep-hole drilling

This program executes the cycle CYCLES83 at the position X0. 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. The drilling
axis is the Z axis.

N10 GO G54 G90 F5 S500 M4 ;Specification of technology values

N20 D1 T6 Z50 ; Approach retraction plane

N30 G17 X0 ; Approach drilling position

N40 CYCLE83 (3.3, 0, O, -80, O, -10, O, O, O, O, 1, 0) ;Call of cycle, depth parameters with abso-
lute values

N50 M2 ; End of program
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124.6  Rigidtapping- CYCLE84

Programming

CYCLES84 (RTP, RFP, SDIS, DP, DPR, DTB, SDAC, MPIT, PIT, POSS, SST, SST1, AXN, 0, 0, VARI, DAM, VRT)

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 thread depth (chip breakage)
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 ... 2000.000 mm); the sign determines the direction ofrotation 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 W: 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 retraction value for 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.

CYCLES84 can be used to make tapped holes withoutcompensating chuck. For tapping with compensating chuck, a
separate cycle CYCLE840 is provided.

Note

CYCLEBS84 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.
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The cycle creates the following sequence of motions:

e 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

Explanation of the parameters

For more information aboutthe parameters RTP, RFP, SDIS, DP, DPR, see Section 'Drilling, centering- CYCLE81
(Page 159)".

See the following parameters for CYCLE84:

SDAC
AZ

0> GO

P G331
P G332

B G4

I o o o

RTP

?é RFP+SDIS
@/ = RFP

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 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.

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
execution is 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.
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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)

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:

Plane D esignation Infeed direction
XY G17 AXN=1: 1st axis of the current plane is X
AXN=2: 2nd axis of the current planeis Y

AXN=3: 3rd axis of the currentplaneis Z
ZIX G18 AXN=1: 1st axis of the current planeis Z
AXN=2: 2nd axis of the current planeis X
AXN=3: 3rd axis of the currentplaneis Y "
Y/IZ G19 AXN=1: 1st axis of the currentplaneis Y "
AXN=2: 2nd axis of the current planeis Z

AXN=3: 3rd axis of the currentplaneis X

) If Y-axis is present.

For example, to machine a centerhole (in Z) inthe G17 plane, you can 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 depth is less than
(<) 2 x DAM

® The remaining drilling depth is halved and executed in two steps. Thus, the minimum drilling depth is not smallerthan
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 arelative value. The parameters for the direction of rotation and for the
lead mustbe assigned values. A metricthread M5 is tapped.

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017 169



AY AY A-B
la— A
/D)
W
[To) <—B
™
) — B\ —
SR X é’é Z
—1 -
36
N10 GO G90 T11 D1 ; Specification of technology values
N20 G17 X30 Y35 740 ; Approach drilling position
N30 CYCLE84 (40, 36, 2, , 30, , 3, 5, , 90, 200, 500, 3, O, Cycle call; parameter PIT has been omit-
0,0, ,0.00000) 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
N40 MO02 ; End of program

Programming example 2

Proceed through the following steps:

j 1. Select the program editing operating area.
PROGRAM
2. Open the vertical softkey bar for available drilling cycles.
E Drill.
3. Press this softkey to open the lower-level softkey bar.
Thread
Rigid 4. Press this softkey to open the window for CYCLEB84. Parameterize the cycle as desired.
tapping
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124.7

Programming

o 15:16:48
) ow 2016/81/22

NC:\MPF\1.MPF

CYCLES4 Retract plane, absolute
RTP 5.00080
P4 RFP
SDIS 2.008080
DP -18.00000
DPR 0.00060
RTP - | DTE 8.50000
SDAC 3 (6]
RFP — g MPIT 12.000600
1 / PIT
: POSS 0.000080
55T 200.000008
] 55T1 200.00000
P — AXN 3 0
PSYS ]
PSYS ]
UARI 1] (6] X
DaM Cancel
URT 1.0008008

Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor as a separate block.

NC:A\MPFY1.MPF 2
JYCLES4( 5, ,2, -18, ©, 8.5, 3, 12, ,B, 200, 200, 3, ©, @, 8, ,1)
N

I

==epf==

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)
DPR REAL Final drilling depth relative to the reference plane (enter withoutsign)
DTB REAL Dwell time at thread depth (chip breakage)
SDR INT Direction of rotation for retraction
Values: 0 (automaticdirection reversal), 3 or 4 (for M3 or M4)
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: 0 (for MO) to 48 (for M48)
PST REAL Thread lead as a value (signed)

Range of values:0.001 ... 2000.000 mm
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Parameter | Datatype Description

AXN INT Tool axis (values ": 1 = 1st axis of the current plane; 2 = 2nd axis of the currentplane; 3 =
3rd axis of the currentplane)

) 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.
You use this cycle to perform tapping with the compensating chuck:

e withoutencoder

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 sequence of motions below:

e Approaching the position of safety distance relative to the reference plane with GO
® Tapping to the final drilling depth

e Dwelltime at tapping depth (parameter DTB)

e Retraction to the reference plane broughtforward by the safety clearance

® Retraction to the retraction plane with GO
See the following parameters for CYCLE840 withoutencoder:

XA

CNO0000oom

SDR

| RTP
RFP+SDIS
RFP

v ¥ O
DP = RFP-DPR G4 G63 GO

Sequence

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 sequence of motions below:

e Approach of the reference plane broughtforward by the safety clearance by using GO

® Tappingto the final drilling depth
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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
See the following parameters for CYCLE840 with encoder:

XA

it

NOOOO00oon

SDR

| RTP
RFP+SDIS
RFP

v ¥ O
DP = RFP-DPR G4 G33 GO

Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section ['Drilling, centering- CYCLE81
(Page 159)".

DTB (dwell time)

The dwelltime mustbe programmed in seconds. It is only effective in tapping withoutencoder.
SDR (direction of rotation for retraction)

SDR=0must be set if the spindle direction is to reverse automatically.

If the machine datais 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 155)"), 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 parameteris 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.

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). The parameter notrequired in each case is omitted in
the call or is 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 interrupted.
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Note

Depending on the settings in machine data MD30200 $MA_NUM_ENCS, the cycle selects whethertapping is 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 axes to be selected.
With G18:

® AXN=1 ;CorrespondstoZ
o AXN=2 ;Correspondsto X

® AXN=3 ;CorrespondstoY (if Y axis is present)
See the following illustration for drilling axis of G18:

Length compen-

sation

Drilling axis

N

Using AXN (number ofthe drilling axis) to program the drilling axis enables the drilling axis to be directly programmed.

Plane

Designation

Infeed direction

XY

G17

AXN=1:
AXN=2:
AXN=3:

1st axis of the current planeis X
2nd axis of the current planeis Y"
3rd axis of the currentplaneis Z

ZIX

G18

AXN=1
AXN=2
AXN=3:

: 1st axis of the current planeis Z
: 2nd axis of the current planeis X

3rd axis of the currentplaneis Y"

Y/iZ

G19

AXN=1:
AXN=2:
AXN=3

1st axis of the current planeis Y
2nd axis of the current planeis Z

: 3rd axis of the currentplaneis X

) If Y-axis is present.

For example, to machine a centerhole (in Z) inthe G17 plane, you program:

G17
AXN=3
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Programming example: Tapping without encoder

Tappingis carried out withoutencoder at position X0; the drilling axisis the Z axis. The parameters SDR and SDAC for the
direction of rotation must be 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.

N10 G90 GO G54 D1 Te S500 M3 ; Specification of technology values

N20 G17 X0 Z60 ; Approach drilling position

N30 Gl F200 ; Setting the path feedrate

N40 CyCLE8B40(3, O, , -15, 0, 1, 4, 3, 1, , ,3) ; Cycle call; dwell time 1 s; direction
of rotation for retraction M4; direction
of rotation after cycle M3; no safety
clearance
The MPIT and PIT parameters have been
omitted.

N50 M2 ; End of program

Programming example: Tapping with encoder

This program is used for tapping with encoder at position X0. The drilling axisis the Z axis. The lead parameter mustbe
defined, automatic reversal of the direction of rotation is programmed. A compensating chuckis used in machining.

N10 G90 GO G54 D1 T6 S500 M3 ; Specification of technology values
N20 G17 X0 Z60 ; Approach drilling position

N30 Gl F200 ; Setting the path feedrate

N40 CYCLE840(3, O, , -15, o, 0, , ,0, 3.5, ,3) ; Cycle call without safety clearance
N50 M2 ; End of program

124.8 Reaming1 - CYCLES85

Programming
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 positionis the position in the two axes of the selected plane.

Programming and Operating Manual (Turning)

6FC5398-5DP10-0BAG, 09/2017 175



See the followingillustration for sequence of operations:

A x

Y

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 G1 and at the feedrate programmed under the parameter FFR
® Dwelltime atfinal drilling depth

e Refracting to the position of safety distance relative to the reference plane with G1 and the retraction feedrate defined by
the parameter RFF

® Retracting to the retraction plane with GO

Explanation of the parameters

For an explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section 'Drilling, centering- CYCLE81
(Page 159)".

See the following parameters for CYCLES85:

XA
Y ——
A
i
RTP *
RFP+SDIS G4 G1 GO
DP = RFP-DPR RFP

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.
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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 boring pass

CYCLES85 is called at Z70 X0. The drilling axis is the Z axis. The value for the final drilling depth in the cycle call is
programmed as arelative value; no dwelltime is programmed. Z0 is on the surface of the workpiece.

N10 G90 GO S300 M3

N20 T3 G17 G54 Z70 X0 ; Approach drilling position
N30 CYCLE85 (10, 2, 2, , 25, , 300, 450) ; Cycle call, no dwell time programmed
N40 M2 ; End of program

124.9 Boring- CYCLES86

Programming
CYCLES86 (RTP, RFP, SDIS, DP, DPR, DTB, SDIR, RPA, 0, RPAP, POSS)

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)
SDIR INT Direction of rotation
Values: 3 (for M3), 4 (for M4)
RPA INT Retraction path along the 1st axis of the plane (incremental, enter with sign)
PSYS INT Internal parameter; only the default value 0 is possible
RPAP REAL Retraction path in drilling axis (incremental, enter with sign)
POSS REAL Spindle position for oriented spindle stop in the cycle (in degrees)
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 boring 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 is approached.

CYCLES86 can be applied on a turning machine only with TRANSMIT in the G17 plane and with a driven tool. Fore more
information about TRANSMIT function, see Section 'Face milling on turned parts (TRANSMIT) |(Page 142)" .
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

e Traversing to final drilling depth with G1 and the feedrate programmed prior to the cycle call

e Dwelltimeto final drilling depth

® Oriented spindle stop at the spindle position programmed under POSS

® Traverse retraction path in up to three axes with GO
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e Reftractingin the boring axis to the position of safety distance relative to the reference plane with GO

® Retracting to the retraction plane with GO (initial drilling position in both axes of the plane)

Explanation of the parameters

For the explanation ofthe parameters RTP, RFP, SDIS, DP, and DPR, see Section !Drilling, centering- CYCLES81
(Page 159)".

See the following parameters for CYCLES86:

N RN

b

Ny

RPO

RPA

RTP

RPAP
DP=RFP-DPR

RFP+SDIS

RFP

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 1st axis)

Use this parameterto define a retraction motion along the 1st axis (abscissa), which is performed after reaching the final
drilling depth and oriented spindle stop.

RPAP (retraction path along the boring axis)

You use this parameterto 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 been reached.

Note
It is possible to stop the active spindle with orientation. The angularvalue is programmed using a transfer parameter.

CYCLES86 can be used only if the spindle to be used for the boring operation is technically able to go into position-controlled
spindle operation.

Programming example: Second boring pass

CYCLES86 will be used to drill on the end face in the X-Y plane at position X20 Y20. The drilling axisis the Z axis. The final
drilling depth is programmed as an absolute value; no safety clearance is specified. The dwell time at the final drilling depth
is 2 s. The top edge of the workpiece is positioned atZ10. In the cycle, the spindleis to rotate with M3 and to stop at 45
degrees.

Programming and Operating Manual (Turning)

178 6FC5398-5DP10-0BA6, 09/2017



See the following example of second boring:

N10 GO G90 X0 z100 SPOS=0
N15 SETMS (2)

N20 TRANSMIT

N35 T10 D1

N50 G17 GO G90 X20 Y20
N60 sS800 M3 F500

N70 CYCLE86 (112, 110, , 77, O, 2, 3, -1, O,
45)

N80 GO z100

N90 TRAFOOF

N95 SETMS

N200 M2

12.5 Turning cycles

1251 Requirements

Call and return conditions

Approach start position
Master spindle is now the milling spindle

; Activate TRANSMIT function

Load tool
Drilling position

Cycle call with absolute drilling depth
Switch off TRANSMIT

Master spindle is now the main spindle again
End of program

The G functions effective priorto the cycle call remain active beyond the cycle.

Plane definition

The machining plane mustbe defined prior to the cycle call. With turning, it is usually the G18 (ZX plane). The two axes of
the current planein turning are hereinafter referred to as the longitudinal axis (first axis of this plane) and transverse axis
(second axis of this plane).

In the turning cycles, with diameter programming active, the second axis is taken into account as the transverse axis in all
cases.
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See the followingillustration for G18:

X A
L
X
©
g G18
[0}
>
(2]}
C
o
'_
Longitudinal axis 2

Contour monitoring relative to the clearance angle of the tool

Certain turning cycles in which traversing motions with relief cutting are generated monitor the clearance angle of the active
tool for a possible contour violation. This angle is entered in the tool compensation as a value (in the D offset under the
parameter DP24). A value between 1 and 90 degrees (0=no monitoring) withoutsign mustbe specified for the angle.

Longitudinal contour monitoring:

7

MM

No contour violation Contour violation

When entering the tool clearance angle, note that this depends on the machining type 'longitudinal’ or 'face’. If you want to
use one tool for longitudinal and face machining, two tool compensations mustbe used in the case of different tool clearance
angles.

The cycle will check whether the programmed contour can be machined with the selected tool.

If the machining is not possible using this tool, the cycle will abort and an error message is output (in stock removal); or
alternatively, the contouris continued to be machined and a message is output (with undercutcycles). In this case, the
contouris determined by the cutting edge geometry.

If the tool clearance angle is specified with zero in the tool compensation, this monitoring will notbe performed. For more
information aboutthe reactions, see the individual cycles.
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Planar contour monitoring:

Contour violation

7

7227 i

12.5.2

Programming

Cutoff- CYCLE92

CYCLE92 (SPD, SPL, DIAG1, DIAG2, RC, SDIS, SV1, SV2, SDAC, FF1, FF2, SS2, 0, VARI, 1, 0, AMODE)

Parameters

Parameter | Data type Description

SPD REAL Starting pointalong facing axis (absolute, always diameter)

SPL REAL Starting pointin the longitudinal axis (absolute)

DIAG1 REAL Depth for speed reduction & (absolute)

DIAG2 REAL Final depth & (absolute)

RC REAL Chamferwidth or rounding radius

SDIS REAL Safety clearance (to be added to the reference point; enter without sign)
SV1 REAL Constantcutting rate V

SV2 REAL Maximum speed atconstant cutting speed

SDAC INT Direction of spindle rotation (values: 3 = M3; 4 = M4)

FF1 REAL Feed to depth for speed reduction

FF2 REAL Reduced feed up to final depth, mm/rev

SS2 REAL Reduced speed up to final depth

PSYS INT Internal parameter; only the default value 0 is possible

VARI INT Machining type (values: 0 = Retraction to SPD + SDIS; 1 = No retraction)
PSYS INT Internal parameter; only the default value 1 is possible

PSYS INT Internal parameter; only the default value 0 is possible

AMODE INT Alternate mode:radius or chamfer (values: 10000 = radius; 11000 = chamfer)
Function

CYCLE92 is used to cut off balanced parts (for example, screws, bolts, or pipes) dynamically.

You can program a chamfer or rounding on the edge of the machined part. You can machine at a constantcutting rate V or
speed S up to a depth DIAG1, from which pointthe workpiece is machined ata constant speed. As of depth DIAG2, you can
also program areduced feedrate FF2 or a reduced speed SS2, in orderto adaptthe velocity to the smaller diameter.
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Use parameter DIAG2 to enter the final depth that you wish to reach with the cut-off. With pipes, for example, you do not
need to cut-off until you reach the center; cutting off slightly more than the wall thickness of the pipe is sufficient.
Sequence

1. The tool first moves to the starting point calculated internally in the cycle at rapid traverse.

2. The chamferor radiusis machined atthe machining feedrate.

3. Cut-off downto depth DIAG1 is performed atthe machining feedrate.

4. Cut-offis continued down to depth DIAG2 at reduced feedrate FF2 and reduced spindle speed SS2.

5

. The tool moves back to the safety distance at rapid traverse.

Programming example 1

N10 GO G90 Z30 X100 T5 D1 S1000 M3 ;Starting point before the beginning of
the cycle
N20 G95 F0.2 ; Specification of technology values

N30 CYCLES2 (60, -30, 40, -2, 2, 1, 800, 200,3,1,1,300, O, ; Cycle call

0, 1, 0, 11000)

N40 GO G90 X100 z30 ; Next position
N50 MO2 ; End of program

Programming example 2

The cycle can be found and parameterized from the main screen ofthe turning cycles.

1. Select the program editing operating area.
PROGRAM
& 2. Open the vertical softkey bar for available turning cycles.
= Turn.
3. Press this softkey to open the window for CYCLE92. Parameterize the cycle as desired.
Cutoff
oy 16:14:50
oW 2015/05/26
JC:\MPF\3.MPF
CYCLE92 Starting point along facing axis
SPD 40.00000
SPL -50. 00000
X DIAG1 6.00000
DIRG2 -1.86000
RC 8.56000
=R 5DIS
SU1 260 . 80000
= su2 256006000
SPD SDAC 3 0
FF1 0.20000
" |f piRg1 FF2 0.08000
; 552 560 . 00000
—DIAG2 Z PSYS )
URRI 0 0
PSYS 1
PSYS 0 X
AMODE 11600 o  Cancel
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4. Confirm your settings with this softkey. The cycle is then automatically transferred to the
oK '\/ program editor as a separate block.

NC:\MPF\1.MPF 2

>YCLES2( 40, -58, 6, -1, 6.5, ,200, 2508, 3, 0.2, ©.08, 568, @, 6,
1, 0, 1188@)

==epf==

125.3 Groove-CYCLE93

Programming

CYCLE93 (SPD, SPL, WIDG, DIAG, STA1, ANG1, ANG2, RCO1, RCO2, RCI1, RCI2, FAL1, FAL2, IDEP, DTB, VAR,
_VRT)

Parameters
Parameter | Datatype Description
SPD REAL Starting pointalong facing axis
SPL REAL Starting pointalong longitudinal axis
WIDG REAL Groove width (enter withoutsign)
DIAG REAL Groove depth (enter withoutsign)
STA1 REAL Longitudinal: 0<=STA<=180, face: STA=90
ANG1 REAL Flank angle 1: on the side of the groove determined by the starting point (enter without sign)
Range of values: 0<=ANG1<89.999 degrees
ANG2 REAL Flank angle 2: on the other side (enter without sign)
Range of values: 0<=ANG2<89.999
RCO1 REAL Radius/chamfer 1, externally: on the side determined by the starting point
RCO2 REAL Radius/chamfer 2, externally
RCI1 REAL Radius/chamfer 1, internally: on the starting pointside
RCI2 REAL Radius/chamfer 2, internally
FALA1 REAL Finishing allowance atthe recess base
FAL2 REAL Finishing allowance atthe flanks
IDEP REAL Infeed depth (enter withoutsign)
DTB REAL Dwelltime at recess base
VARI INT Machining type
Range of values:1...8 and 11...18
_VRT REAL Variable retraction path for grooving, incremental (enter withoutsign)
Function

The grooving cycle can be used to carry out symmetrical and asymmetrical grooves for longitudinal and face machining at
any straightcontour elements. External and internal grooves can be produced.
Sequence

The infeed in the depth (towards the groove base) and in the width (from groove to groove) are calculated in the cycle
internally and distributed equally with the maximum possible value.

When grooving atoblique faces, the tool will traverse from one groove to the next on the shortest path, that is, parallel to the
cone at which the groove is machined. During this process, a safety clearance to the contour is calculated by the cycle
internally.

Step 1

Paraxial roughing down to the base of the groove in single infeed steps.
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After each infeed, the tool is retracted for chip breaking.

Step 2

The groove is machined vertically to the infeed direction in one or several steps whereby each step, in turn, is divided
according to the infeed depth. From the second cut along the groove width onwards, the tool will retract by 1 mm before

each retraction.

PP
; T o

Step 3

Machining ofthe flanks in one step if angles are programmed under ANG1 or ANG2. Infeed along the groove width is carried

outin several steps if the flank width is larger.

184
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Step 4

Stock removal of the finishing allowance parallel to the contour from the edge to the groove center. During this operation, the
tool radius compensationis selected and deselected by the cycle automatically.

Explanation of parameters
SPD and SPL (starting point)

These coordinates can be used to define the starting pointof a groove starting from which the form is calculated in the cycle.
The cycle determines its own starting point. For an external groove, movementbeginsin the direction of the longitudinal
axis, for an internal groove in the direction of the facing axis.

Grooves at bent contour elements can be realized differently. Depending on the form and radius of the bend, either a
paraxial straightline can be laid overthe maximum ofthe bend or a tangential oblique line can be created in a pointof the
edge points of the groove.

Radii and chamfers at the groove edge make sense with bent contours only if the appropriate edge pointis on the straight
line specified for the cycle.
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See the followingillustration for the parameters for CYCLE93:

A

_ SPL _ )
STA1
& A )

o 7
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ANG2\ \37 v

A
\
SPD

WIDG and DIAG (groove width and groove depth)

The parameters groove width (WIDG) and groove depth (DIAG) are used to define the form of the groove. In its calculation,
the cycle always assumes the point programmed under SPD and SPL.

If the groove width is larger than that of the active tool, the width is removed in several steps. When doing so, the whole

width is distributed by the cycle equally. The maximum infeed is 95% of the tool width after deduction of the cutting edge
radii. This provides a cutting overlap.

If the programmed groove width is smaller than the real tool width, the error message 61602 "Tool width defined incorrectly”
and machining is aborted. The alarm will also appearif a cutting edge width equal to zero is detected in the cycle.

X A

\

STA1 (angle)

Use the STA1 parameterto program the angle of the oblique line atwhich the groove is to be machined. The angle can
assume values between 0 and 180 degrees and always refers to the longitudinal axis.

Note

For transverse grooving, STA1 is usually 90 degrees.
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ANG1 and ANG2 (flank angle)

Asymmetric grooves can be described by flank angles specified separately. The angles can assume values between 0 and
89.999 degrees.

RCO1, RCO2 and RCI1, RCI2 (radius/chamfer)

The form of the groove can be modified by entering radii/chamfers atthe margin or at the base. It is imperative to enter the
radii with positive sign, and the chamfers with negative sign.

FAL1 and FAL2 (finishing allowance)

It is possible to program separate finishing allowances for groove base and flanks. During roughing, stock removal is carried
out up to these finishing allowances. The same tool is then used to machine a contour-parallel cutalong the final contour.

Final machining
allowance of the
flanks, FAL2

Final machining
allowance at the
base, FAL1

IDEP (infeed depth)

You can program an infeed depth to divide the paraxial grooving into several depth infeeds. After eachinfeed, the tool is
retracted by 1 mm for chip breaking.

The IDEP parameter mustbe programmed in all cases.
DTB (dwell time)

The dwell time at the groove base should be selected such that at least one spindle revolution is carried out. It is
programmed in seconds.

VARI (machining type)

The machining type ofthe groove is defined with the units digitof the VARI parameter. It can assume the valuesindicated in
the illustration.

The tens digitof parameter VARIdetermines how the chamfers are taken into account.
VARI 1...8: Chamfers are calculated as CHF
VARI 11...18: Chamfers are calculated as CHR
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If the parameterhas a different value, the cycle will abortwith alarm 61002 "Machining type defined incorrectly".

The cycle carries out a contour monitoring such that a reasonable groove contourresults. This is not the case if the
radii/chamfers come into contactor intersect at the groove base or if you try to carry out a face grooving operation ata
contour segmentlocated parallel to the longitudinal axis. In such cases, the cycle will abort with alarm 61603 "Groove form
defined incorrectly".

_VRT (variable refraction path)
The retraction path can be programmed in the _VRT parameter on the basis of the outside or inside diameter ofthe groove.

For VRT=0 (parameter notprogrammed), the tool is retracted by 1 mm. The retraction path is always measured according to
the programmed system of units, inch or metric.

Note

Before calling the grooving cycle, a double-edged tool mustbe enabled. The offset values for the two cutting edges must be
stored in two successive D numbers of the tool whereby the first of which must be activated prior to the first cycle call. The
cycle itself defines for which machining step it will use which of the two tool compensation values and will also enable them
automatically. After completion ofthe cycle, the tool compensation number programmed prior to the cycle call is active
again. If no D numberis programmed for a tool compensation when the cycle is called, the execution of the cycle is aborted
with the alarm 61000 "No tool compensation active".

Programming example 1: Plunge-cutting
This program is used to produce a groove externally at an oblique line in the longitudinal direction.
The starting pointis on the right-hand side at X70 Z60.

The cycle will use the grooving tool T5 (tip width: 4 mm). The cutting tool mustbe defined accordingly.
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See the followingillustration for the example for plunge-cutting:
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Programming example 2
1. Select the program editing operating area.
PROGRAM
& 2. Open the vertical softkey bar for available turning cycles.
B= Turn.
3. Press this softkey to open the window for CYCLE93. Parameterize the cycle as desired.
Groove
4R 16:34:54
I Y 2015/87/20
NC:AMPFY1.MPF
CYCLE93 Starting point along facing axis
SPD 70.00000
SPL 60.00000
SPL WIDG 30.00600
X ; DIAG 25.00000
STA1 5.00000
j DEP ANGT 20.00000
el ANG2 10.90000
gl RCO1 0.00000
RCO2 0.00000
RCH -2.00000
RCI2 -2.00600
vibG FAL1 1.06000
2 FAL2 1.00000
IDEP 5.00000
DTB 1.90008
UARI 5 6] X
_URT 0.20000 Cancel
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4. Confirm your settings with this softkey. The cycle is then automatically transferred to the
'\/ program editor as a separate block.

oK
CYCLE93( 7@, 66, 3@, 25, 5, 28, 18, ©, ©, -2, -2, 1, 1, 5, 1, 5 8.2
i}
==eof==
N10 GO G90 Z100 X100 T5 D1 S400 M3 ; Starting point before the beginning of the cycle
N20 G95 F0.2 ; Specification of technology values
N30 CYCLE93 (70, 60, 30, 25, 5, 20, 10, O, 0, -2, - ; Cycle call
2, 1, 1, 5, 1, 5,0.2) Retraction distance of 0.2 mm programmed
N40 GO G90 X100 7100 ; Next position
N50 MO2 ; End of program

1254 Undercut (forms E and F to DIN) - CYCLE94

Programming
CYCLEY94 (SPD, SPL, FORM, VARI)

Parameters

Parameter | Data type D escription

SPD REAL Starting pointalong facing axis (enter withoutsign)

SPL REAL Starting pointof the tool compensation in the longitudinal axis (enter without sign)

FORM CHAR Definition of the form

Values: E (for form E), F (for form F)

VARI INT Specification of undercut position
Values:
0: according to tool cutting edge position
1...4: define position

Function

This cycle can be used to perform undercutsto DIN509 of forms E and F with standard requirements ata finished diameter
of >3 mm.

See the followingillustration for undercut Form F and Form E:

Form F

Form E
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Sequence

Position reached prior to cycle start:

The starting position can be any position from which the undercutcan be approached withoutcollision.
The cycle creates the following sequence of motions:

® Approach of the starting pointdetermined in the cycle by using GO

® Selection of the cutter radius compensation according to the active tool pointdirection and traveling along the undercut
contour at the feedrate programmed prior to the cycle call

e Retraction to the starting point with GO and deselection ofthe cutter radius compensation with G40

Explanation of the parameters
SPD and SPL (starting point)

Use the parameter SPD to specify the finished part diameter for the undercut. The SPL parameter defines the finished
dimensionin the longitudinal axis.

If a final diameter of <3 mm results for the value programmed for SPD, the cycle is canceled,and alarm 61601 "Finished
part diametertoo small"is issued.

X A

SPL _

SPD

\
—© "

FORM (definition)

Form E andform F are fixed in DIN509 and mustbe defined using this parameter.

If the parameter has a value other than E or F, the cycle aborts and creates alarm 61609 "Form defined incorrectly”.

See the followingillustration for Form E and Form F:
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For workpieces with a 7

machined surface
SL3

For workpieces with two SL3
machining planes

standing one on another

VARI (undercut position)

The position of the undercutcan be either specified directly or derived from the tool pointdirection with the _VARI

parameter.

VARI=0: According to tool point direction

The tool pointdirection is determined by the cycle automatically from the active tool compensation. The cycle can operate

with the tool point directions 1 ... 4.

If the cycle detects any of the tool pointdirections5 ... 9, the alarm 61608 "Wrong tool pointdirection programmed"and the

cycle is aborted.

+X

SL 4 SL3

SL1 SL2

VARI=1...4: Definition of undercut position

192
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For VARI<>0, the following applies:

® The actual cutting edge position is not checked, i.e., all positions can be used if technologically suitable.

The clearance angle ofthe active tool is monitored in the cycle if an appropriate value is specified in the appropriate
parameter ofthe tool compensation. If it turns out that the form of the undercutcannotbe machined using the selected tool

since its tool clearance angle is too small, then the message "Changed form of undercut"is displayed on the control system.
The machining, however, is continued.

The cycle determines its starting point automatically. Thisis by 2 mm away from the end diameterand by 10 mm away from

the finishing dimension in the longitudinal axis. The position of this starting pointreferred to the programmed coordinate
valuesis determined by the tool point direction of the active tool.

Note

Before calling the cycle, a tool compensation mustbe activated; otherwise, the cycle is aborted after alarm 61000 "No tool
compensation active" has been output.

Programming example: Undercut form E

This program can be used to program an undercutof form E.

FORM E

.

60

™

20

N10
N20
N30
N40
N50

Tl D1 S300 M3 GS5 FO0.3
GO G90 Z100 X50
CYCLE94 (20, 60, "E",)
G90 GO Z100 X50

M02
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12.5.5 Cutting with relief cut - CYCLE95

Programming
CYCLE95 (NPP, MID, FALZ, FALX, FAL, FF1, FF2, FF3, VARI, DT, DAM, _VRT)

Parameters
Parameter | Datatype Description
NPP STRING Name of contour subroutine
MID REAL Infeed depth (enter withoutsign)
FALZ REAL Finishing allowance in the longitudinal axis (enter withoutsign)
FALX REAL Finishing allowance in the transverse axis (enter withoutsign)
FAL REAL Finishing allowance suitable for contour (enter without sign)
FF1 REAL Feedrate for roughing withoutrelief cut
FF2 REAL Feedrate for plunginginto reliefcut elements
FF3 REAL Feedrate for finishing cut
VARI REAL Machining type
Range of values:1 ... 12
DT REAL Dwell time for chip breaking when roughing
DAM REAL Path length after which each roughing step is interrupted for chip breaking
_VRT REAL Lift-off distance from contour when roughing, incremental (to be entered without sign)
Function

Using the rough turning cycle, you can produce a contour, which has been programmed in a subroutine, from a blank by
paraxial stock removal. The contour may contain relief cut elements. With this cycle, It is possible to machine
internal/external contours by using face/longitudinal machining. The technology can be freely selected (roughing, finishing,
complete machining). When roughing the contour, paraxial cuts from the maximum programmed infeed depth are
programmed and burrs are also removed parallel to the contour after an intersection pointwith the contour has been
reached. Roughingis performed up to the final machining allowance programmed.

When the contouris machined through finishing and roughing, finishing is performed in the same direction as roughing,
dependenton the setting of the VARI parameter; however, if the contouris machined through finishing only, the direction of
machining is determined by the programmed direction, independentofthe setting of the VARI parameter. The tool radius
compensation can be selected (G41/G42) and deselected (G40) via the following USER DATA:

e 7SD[13] = 0: roughing and finishing in G41/G42 mode
e 7SD[13] = 1 (default):roughing in G40 mode and finishingin G41/G42 mode

For the machining with a large-radius tool, for example, the button tool, you can set _ZSD[13] to 0 to activate the tool radius
compensation in roughing by programming as follows in "MDA" mode:

MDI - Block
_250[13]=0)

==eqof==
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See the followingillustration for CYCLE95:

Sequence

Position reached prior to cycle start:

The starting position is any position from which the starting pointof the contour can be approached without collision.

The cycle creates the following sequence of motions:

The cycle starting point is calculated internally and approached with GO in both axes at the sametime.

Roughing without relief cut elements:

The paraxial infeed to the current depth is calculated internally and approached with GO.
Approach of paraxial roughing intersection pointwith G1 and at feedrate FF1.

Rounding parallel to the contour along the contour + finishing allowance with G1/G2/G3 and FF1.
Lift-off by the amountprogrammed under _VRT in each axis and retraction with GO.

This sequence is repeated until the total depth of the machining step isreached.

For roughing withoutreliefcut elements, retraction to the cycle starting pointis carried out axis by axis.

See the followingillustration for the sequence of operation for CYCLE95:

—@ -7
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Roughing the relief cut elements:

e Approach of the starting pointfor the next relief cut axis by axis with GO When doing so, an additional cycle-internal
safety clearance is observed.

® |nfeed alongthe contour + finishing allowance with G1/G2/G3 and FF2.
® Approach of paraxial roughing intersection pointwith G1 and at feedrate FF1.
® Turning along the contour, carrying out retraction and return as with the first machining step.

e |[f there are further relief cut elements, this sequence isrepeated for each relief cut.

X
A
.Q - - .> Z
[ Roughing without relief cut
[ Roughing of the first relief cut
[ Roughing of the second relief cut
Finishing:

® The cycle starting point is approached axis by axis with GO.
® The contour starting pointis approached with GO in both axes at the sametime.
® Finishing along the contourwith G1/G2/G3 and FF3

® Retraction to the starting point with both axes and GO

Explanation of the parameters
NPP (name)

This parameteris used to specify the contourname. You can define the contour as a subroutine or a section of the called
program.

® Defining the contour as a subroutine
NPP = name of the subroutine

— If the subroutine already exists, specifya name, and then continue.
— If the subroutine does not yet exist, specifya name and then press the following softkey:
New
file
A program with the entered name is created and the program automatically jumps to the contour editor.

— 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
NPP = 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 controu
is already described (name of starting label: name of end label), directly press the following softkey:

Programming and Operating Manual (Turning)
196 6FC5398-5DP10-0BA6, 09/2017



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

NPP

© z

Examples:

NPP=CONTOUR 1 ;The rough turning contour is the complete program CONTOUR 1.

NPP=START:END ; The rough turning contour is defined as a section in the calling program, which

starts from the block containing label START to the block containing label END.
MID (infeed depth)

The MID parameteris used to define the maximum possible infeed depth for the roughing process.

The cycle automatically calculates the current infeed depth used for roughing.

With contours containing relief cut elements, the roughing processis divided by the cycle into individual roughing sections.
The cycle calculates a new current infeed depth for each roughing section. Thisinfeed depth is always between the
programmed infeed depth and the half of its value. The number ofrequired roughing steps is determined on the basis of the
total depth of a roughing section and of the programmed maximum infeed depth to which the total depth to be machined is
distributed equally. This provides optimum cutting conditions. Forroughing this contour, the machining steps are shown in
the illustration result.
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See the followingillustration for the example ofinfeed depth:

£
£
o0
N A
€ 7o|o <
0~ “ls &
27 X
N

A -

Machining section 1 has a total depth of 39 mm. If the maximum infeed depth is 5 mm, eightroughing cuts are required.
These are carried out with an infeed 0f 4.875 mm.

In machining step 2, 8 roughing steps, too, are carried out with an infeed of 4.5 mm each (total difference 36 mm).

In machining step 3, two roughing passes are carried out with a currentinfeed of 3.5 (total difference 7 mm).

FAL, FALZ and FALX (finishing allowance)

A finishing allowance forroughing can be specified either using the parameters FALZ and FALX if you want to specify
different finishing allowances axis-specifically or via the parameter FAL for a finishing allowance thatfollows the contour. In
this case, this value is taken into accountin both axes as a finishing allowance.

No plausibility check is carried out for the programmed values. In other words: If all three parameters are assigned values,
all these finishing allowances are taken into account by the cycle. It is, however, reasonable to decide either on the one or
other form of definition of a finishing allowance.

Roughing is always carried out up to these finishing allowances. The resulting residual corneris also removed parallel to the
contour after each paraxial roughing process immediately so that no additional residual corner cutis required after
completion ofroughing. If no finishing allowances are programmed, stock is removed when roughing up to the final contour.

FF1, FF2 and FF3 (feedrate)

It is possible to specify different feedrates for the individual machining steps, as shown in Figure NO TAG.

Programming and Operating Manual (Turning)
198 6FC5398-5DP10-0BA6, 09/2017



XA

_©

e G1/G2/G3
a0
FF1 Roughing
FF2
FF1
'z
Finishing
FF3
'z

VARI (machining type)

The machining type can be found in the table below.

Value Longitudinal/face Ext./int. Roughing/finishing/complete
1 L (0] Roughing

2 P (0] Roughing

3 L | Roughing

4 P | Roughing

5 L (0] Finishing

6 P (0] Finishing

7 L | Finishing

8 P | Finishing

9 L (0] Complete machining
10 P (0] Complete machining
11 L | Complete machining
12 P | Complete machining

In longitudinal machining, the infeed is always carried out along the transversal axis, and in face machining - along the

longitudinal axis.

For external contour, carry out the infeed in the negative direction of the axis; for internal contour, carry out the infeed in the
positive direction of the axis.

The VARI parameteris subjected to a plausibility check. If its value is notinthe range 1 ... 12when the cycleis called, the
cycle is aborted with alarm 61002 "Machining type defined incorrectly".
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Longitud. ext. VARI = 1/5/9

or after
rechucking

e — .y

Face, inside | =4/8/12
X - .
A

! Face, outside VARI =

R R > Z
X
A
or after
rechucking
fﬂ
!l [Face, inside VARI = 4/8/12
-
] »>Z

DT and DAM (dwell time and path length)

These parameters can be used to achieve an interruption of the individual roughing steps after certain distances traversed in
orderto carry out chip breaking. These parameters are only relevantfor roughing. The parameter DAM is used to define the
maximum distance after which chip breakingis to be carried out. In DT, an appropriate dwell time (in seconds) can be
programmed which is carried outat each of the cut interruption points. If no distance is specified for the cut interruption
(DAM=0), uninterrupted roughing steps withoutdwell times are created.
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Uninterrupted paraxial cut

. DAM G1
—| Infeed movement

1
1
G4 G4

G4 G4

@ -

_VRT (lift-off distance)
Parameter_VRT can be used to program the amountby which the tool is retracted in both axes when roughing.

For _VRT=0 (parameter notprogrammed), the tool will retract by 1 mm.

Contour definition
The contour must contain at least 3 blocks with motionsin the two axes of the machining plane.

If the contour program is too short, the cycle is aborted after the alarms 10933 "Number of contour blocks contained in the
contour program notsufficient" and 61606 "Error in contour preparation"have been output.

If a contour contains too many contour elements, the cycle is canceled,and alarm 10934 "Contour table overflow" is issued.
In this case, the contour mustbe split over several contour sections, and the cycle for each section mustbe called
separately.

If the maximum diameteris notat the programmed end or starting point of the contour, the cycle will automatically add an
axis-parallel straightline to complete the contour maximum, and this part is removed as the undercut.

Reliefcut elements can be connected directly one after the other. Blocks without motionsin the plane can be written without
restrictions.

In the cycle, all traversing blocks are prepared for the first two axes of the current plane since only these are involved in the
cutting process. The contour program may contain any motions programmed for other axes; their distances to be traversed,
however, will not come into effect during the whole cycle.

Only straight line and circle programming with GO, G1, G2 and G3 are permitted as the geometry in the contour.
Furthermore, itis also possible to program the commands for rounding and chamfer. If any other motion commands are
programmed in the contour, the cycle is aborted with the alarm 10930 "lllegal type of interpolation in the stock removal
contour".

The first block with a traversing motionin the current machining plane mustcontain a motion command GO, G1, G2 or G3;
otherwise, the cycle is canceled, and alarm 15800 "Incorrect prerequisites for CONTPRON" is issued. This alarm is also
issued if G41/42 is active. The starting pointof the contouris the first programmed position in the machining plane.

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017 201



See the following illustration for contour definition:

X
A
, Added
1 straight line
End point
Startipg point
- »Z

If a tool radius compensation is programmed in the contour subroutine with G41/G42, the cycle is canceled, and alarm
10931 "Faulty cutting contour"is issued.

Contour direction

The direction in which the stock removal contouris programmed can be freely selected. In the cycle, the machining direction
is defined automatically. In complete machining, the contouris finished in the same direction as machining was carried out

when roughing.

When deciding on the machining direction, the first and the last programmed contour points are taken into account.
Therefore, both coordinates mustalways be programmed in the first block of the contour subroutine.

Contour monitoring

The cycle provides contour monitoring with regard to the following:
e (Clearance angle ofthe active tool

e Circularprogramming ofarcs with an arc angle > 180 degrees

With relief cut elements, the cycle checks whetherthe machining is possible using the active tool. If the cycle detects that
this machining will resultin a contour violation, it will be aborted after alarm 61604 "Active tool violates programmed contour”
has been output.

If the tool clearance angle is specified with zero in the tool compensation, this monitoring will notbe performed.
If too large arcs are found in the compensation, alarm 10931 "Incorrect machining contour" appears.

Overhanging contours cannotbe machined by CYCLE95. Contours ofthis type are not monitored by the cycle and
consequently there is no alarm.
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See the followingillustration for contour monitoring:

A X Example of an overhanging contour element in
the relief cut that cannot be machined

- Machining direction

—

Starting point

The cycle determines the starting point for the machining operation automatically. The starting pointis located in the axis in

which the depthinfeed is carried out, shifted from the contour by the amount of the finishing allowance + lift-off distance
(parameter _VRT). In the other axis, itis by finishing allowance + _VRT ahead of the contour starting point.

When the starting point is approached, the cutter radius compensation is selected internally in the cycle.

The last pointbefore the cycle is called musttherefore be selected such that this approachis possible without collision and

space enough is provided to carry out the appropriate compensatory motion.

See the following illustration for starting point:

X
A

Total final machining allowance in X+_VRT ﬂ

STARTING POINT of the cyclel

Y &

? Total final machiniﬁb
allowance in Z+ VRT

@

Cycle approach strategy

In roughing, the starting point determined by the cycle is always approached with both axes simultaneously, and in finishing,

axis by axis. In finishing, the infeed axis traverses first.

Programming example 1: Stock removal cycle

The contour shown in the illustration to explain the defining parametersis to be machined longitudinally externally by
complete machining. Axis-specific finishing allowances are specified. Cutting will not be interrupted when roughing. The

maximum infeedis5mm.
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The contouris stored in a separate program.

ZA

P6 (35,76)

P2 (87,65)

P1(120,37)
P5 (41,37)
P3 (77,29)

R5

B

<y

The following is the main program:
N10 T1 D1 GO G95 S500 M3 zl1l25 X81
N20 CYCLES5 ("CONTOUR 1", 5, 1.2, 0.6,
, 0.5)

N30 GO G90 X81

N40 7125

N50 M2

The following is the subprogram:

CONTOUR_1.SPF

N100 z120 X37

N110 z117 X40

N120 7112 RND=5
N130 z95 X65

N140 Z87
N150 z77
N160 Z62
N170 258
N180 z52
N190 Z41
N200 z35
N210 X76
N220 MO02

X29

X44

X37

204

’

0.2,

0.1,

0.2,

9,

’

;Approach position before cycle call
;Cycle call

;Reapproach starting position
;Traverse axis by axis
;End of program

; Subroutine for contour turning (for
example)
;Traverse axis by axis

;Rounding with radius 5
;Traverse axis by axis

;End of subroutine
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Programming example 2: Stock removal cycle

The stock removal contouris defined in the calling program and is traversed directly after the cycle for finishing has been
called.

-
=

P5 (50,50)

P4 (50,41.547)

P3 (70,21.547) P1(100,10)

®

N110 G18 DIAMOF GS0O G96 FO0.8
N120 s500 M3

N130 T1 D1

N140 GO X70

N150 2160

N160 CYCLE9S5("START:END",2.5,0.8, 0.8,0,0.8,0.75,0.6,1, , , ;Cycle call
)

N170 GO X70 Z160

N175 MO2

START:

N180 G1 X10 Z1l00 FO.6

N190 790

N200 Z70 ANG=150

N210 z50 ANG=135

N220 250 X50

END:

N230 MO2

<y

Programming example 3

Proceed through the following steps:

)

PROGRAM

1. Select the program editing operating area.

2. Open the vertical softkey bar for available turning cycles.

Eé! Turn.

Stock 3. Press this softkey to open the window for CYCLE95. Enter a name in the first input field.

removal
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o 16:20:56
_) ity 2015/05,26
JC:\MPF\3.MPF
CYCLE95

Name of contour subroutine

NPP
MID
r FALZ
r FALX Attach
r FAL contour
v FF1
v FF2
b FF3
| URRI 9 (6]
I DT
DAM
f _URT
x
Cancel
v
WL
4. Press one of the following two softkeys. The program automatically jumps to the program

editor screen form.
If you desire to edit and store the contour in a subroutine, press this softkey.

New
file
Attach If you desire to edit and store the contour as a section of a main program, press this softkey.
contour
Note:
For more information about programming in the contour editor, see Section 'Free contour
programming (Page 275)".
Tech 5. Press this softkey to return to the window for CYCLE95 and enter the parameters as de-
'ec sired.
interface
v 6. Confirm your settings with this softkey. The cycle is then automatically transferred to the
program editor.
oK .
Note:
The cycle program created as a section of the main program mustbe stored after the M30
command.
7. If you desire to recompile the cycle, press this softkey.
2| Re-
227 gomp.
Cavity contour

The following example describes how to process a cavity profile and how to define the subroutine of a contour with the
contour functionality.

G500 G18 G95
G0X50

Z100

T5

M4S1500
G0X5020.5
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G01X-2F0.15

Z2

G0X50

Z100

T2

G0X50210

M4S1500

G1F0.2

CYCLE95("CONO01",0.50000, 0.20000,0.20000, 0.20000, 0.20000,0.20000, 0.10000, 1, , ,1.00000)
G0X55

Z100

M5

™

M3S1500

G0X50210

CYCLE95("CON02:CON02_E",0.50000,0.20000,0.20000, 0.20000,0.20000, 0.20000, 0.10000, 5, , ,1.00000)

M30
;*************CONTOU R****’k*******

CONO02:

#7__DIgK contour definition begin - Don't change!;*GP*;*RO*;*HD*
G18 G90 DIAMON;*GP*

G0 Z0 X0 ;*GP*

G1 X28 CHR=3;*GP*

Z-8.477 RND=2 ;*GP*

G2 Z-45.712 X40 K=AC(-25) I=AC(60) RND=2 ;*GP*

G1 Z-50 RND=3;*GP*

Z-55 X45 ;*GP*
;CON,Vv64,2,0.0000,0,0,MST:1,2,AX:ZX K [;*GP*;*RO*;*HD*
;S,EX:0,EY:0,ASE:0;*GP*;*RO*;*HD*
:LU,EY:28;*GP*;*RO*;*HD*

;F,LFASE:3;*GP*;*RO*;*HD*

;LL;*GP*;*RO*;*HD*

;R,RROUND:2;*GP*;*RO*;*HD*

;ACW,DIA:209/217 EY:40,CX:-25,CY:60,RAD:23;*GP*;*RO*;*HD*
;R,RROUND:2;*GP*;*RO*;*HD*

;LL,EX:-50;*GP*;*RO*;*HD*

:R,RROUND:3;*GP*;*RO*;*HD*
;LA,EX:-55,EY:45;*GP*;*RO*;*HD*

;#End contour definition end - Don't change!;*GP*;*RO*;*HD*
M17
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CON02_E:;************* CONTOUR ENDS [P
12.5.6  Thread undercut- CYCLE96

Programming
CYCLE96 (DIATH, SPL, FORM, VARI)

Parameters
Parameter | Data type Description
DIATH REAL Nominal diameter ofthe thread
SPL REAL Starting pointof the correction in the longitudinal axis
FORM CHAR Definition of the form
Values:A (for form A), B (for form B), C (for form C), D (for form D)
VARI INT Specification of undercutposition
Values:
0: According to tool pointdirection
1...4: Define position

Function
You can use this cycle to perform thread undercuts to DIN76 for parts with a metrical ISO thread.
See the followingillustration for CYCLE96:

Sequence

Position reached prior to cycle start:

The starting position is any position from which each thread undercutcan be approached withoutcollision.
The cycle creates the following sequence of motions:

® Approach of the starting pointdetermined in the cycle by using GO

e Selection of the tool radius compensation according to the active tool pointdirection. Traversing along the undercut
contourusing the feedrate programmed before the cycle was called

e Retraction to the starting point with GO and deselection ofthe tool radius compensation with G40
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Explanation of the parameters

DIATH (nominal diameter)

Use this cycle to perform thread undercuts for metric threads from M3 through M68.

If the value programmed in DIATH results in a final diameter of <3 mm, the cycle is aborted and alarm:

61601 "Finished part diametertoo small"isissued.

If the parameterhas a value other than specified in DIN76 Part 1, the cycle is also canceled, generating the alarm:
61001 "Thread lead defined incorrectly".

SPL (starting point)

The finished dimension in the longitudinal axis is defined using the parameter SPL.

| 9%
. SPL o
g A
a0
-
<
a
-@ >
4
|
FORM (definition)

Thread undercuts of the forms A and B are defined for external threads, form A for standard run-outs of threads, and form B
for short run-outs of threads.

Thread undercuts of the forms C and D are used for internal threads, form C for a standard run-out of the thread, and form D
for a short run-out.

See the following illustration for Forms A and B:

FORMS A and B

SPL

R 30°
vd DIATH
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See the followingillustration for Forms C and D:

FORMS C and D

If the parameter has a value other than A ... D, the cycle aborts and creates alarm 61609 "Form defined incorrectly".
Internally in the cycle, the tool radius compensation is selected automatically.

The cycle only uses the tool point directions 1 ... 4. If the cycle detects a tool pointdirection 5 ... 9 or if the form of the
undercutcannotbe machined with the selected tool pointdirection, alarm 61608 "Wrong tool pointdirection programmed"is

issued, and the cycle is canceled.

VARI (undercut position)

The position of the undercutcan be either specified directly or derived from the tool pointdirection with the VARI parameter.
See also Section 'Undercut (forms E and F to DIN) - CYCLE94 (Page 190)".

The cycle will find the starting point determined by the tool pointdirection of the active tool and the thread diameter
automatically. The position of this starting pointreferred to the programmed coordinate values is determined by the tool point
direction of the active tool.

For the forms A and B, the undercutangle of the active tool is monitored in the cycle. If itis detected that the form of the
undercutcannotbe machined using the selected tool, the message "Changed form of undercut"will be displayed on the
control system; the machining, however, is continued.

Note
Before calling the cycle, a tool compensation mustbe activated; otherwise, the cycle is terminated and the error message
61000 "No tool compensation active"isissued.
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Programming example: Thread undercut form A

This program can be used to program a thread undercutof form A.

12.5.7 Thread chaining- CYCLES8

Programming

A
X
60
42
= bl
VA
N10 D3 T1 S300 M3 G95 FO0.3 ; Specification of technology values
N20 GO G90 Z100 X50 ; Selection of starting position
N30 CYCLES6 (42, 60, "A",) ; Cycle call
N40 G90 GO X100 Z100 ; Approach next position
N50 M2 ; End of program

CYCLE98 (PO1, DM1, PO2, DM2, PO3, DM3, PO4, DM4, APP, ROP, TDEP, FAL, IANG, NSP, NRC,NID, PP1, PP2, PP3,

VARI, NUMTH, _VRT)

Parameters
Parameter | Data type Description
PO1 REAL Thread starting pointin the longitudinal axis
DM1 REAL Thread diameter at the starting point
PO2 REAL First intermediate pointin the longitudinal axis
DM2 REAL Diameter atthe first intermediate point
PO3 REAL Second intermediate point
DM3 REAL Diameteratthe second intermediate point
PO4 REAL Thread end pointin the longitudinal axis
DM4 REAL Diameteratthe end point
APP REAL Run-in path (enter withoutsign)
ROP REAL Run-outpath (enter without sign)
TDEP REAL Thread depth (enter without sign)
FAL REAL Finishing allowance (enter withoutsign)
IANG REAL Infeed angle
Range of values:
>0: Infeed along the rearflank
<0: Infeed along the front flank
=0: Infeed at a right angle to the cutting direction
NSP REAL Starting pointoffset for the first thread turn (enter withoutsign)
NRC INT Number ofroughing cuts (enter withoutsign)
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Parameter | Datatype Description

NID INT Number ofidle passes (enter without sign)

PP1 REAL Threadlead 1 as a value (enter without sign)

PP2 REAL Thread lead 2 as a value (enter without sign)

PP3 REAL Thread lead 3 as a value (enter without sign)

VARI INT Definition of the machining type for the thread

Range of values:1 ... 4

NUMTH INT Number ofthreads (enter without sign)

_VRT REAL Variable retraction path based on initial diameter, incremental (enter withoutsign)
Function

This cycle can be used to produce several cylindrical ortapered threads in succession. The individual thread sections can
have different leads whereby the lead within one and the same thread section mustbe constant.

See the followingillustration for CYCLE97:

Sequence

Position reached prior to cycle start:

Starting positionis any position from which the programmed thread starting pointand run-in path can be approached without

collision.

The cycle creates the following sequence of motions:

e Approach of the starting pointdetermined in the cycle at the beginning ofthe run-in path for the first thread turn with GO

® |nfeed for roughing according to the infeed type defined under VARI.

® Thread cutting is repeated according to the programmed number of roughing cuts.

® The finishing allowance isremoved in the following step with G33.

® This step is repeated according to the number ofidle passes.

® The whole sequence of motions is repeated for each further thread turn.
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Explanation of the parameters

P04 P03 P02 P01
Rop| PP3_|PP2| PP1
nalla DM3 = DM4
DM2
DM1
APP

® - -

PO1 and DM1 (starting point and diameter)

These parameters are used to define the original starting pointfor the thread series. The starting pointdetermined by the

cycle itself and approached atthe beginning using G0 is located by the run-in path before the programmed starting point.

PO2, DM2 and PO3, DM3 (intermediate point and diameter)

These parameters are used to define two intermediate pointsin the thread.

PO4 and DM4 (end point and diameter)

The original end pointof the thread is programmed under parameters PO4 and DM4.
With an inside thread, DM1...DM4 corresponds to the tap hole diameter.
Interrelation between APP and ROP (run-in/run-out paths)

The starting pointused in the cycle, however,is the starting pointbroughtforward by the run-in path APP, and,
correspondingly, the end pointis the programmed end pointbroughtback by the run-out path ROP.

In the transversal axis, the starting point defined by the cycle is always by 1 mm above the programmed thread diameter.

This lift-off plane is generated within the control system automatically.

Interrelation between TDEP, FAL, NRC and NID (thread depth, finishing allowance, number of roughing and idle passes)

The programmed finishing allowance acts paraxially and is subtracted from the specified thread depth TDEP; the remainder

is divided into roughing cuts. The cycle will calculate the individual infeed depth automatically, depending on the VARI
parameter. When the thread depth is divided into infeeds with constant cutting cross-section, the cutting resistance will

remain constantoverall roughing cuts. In this case, the infeed will be performed using differentvalues for the infeed depth.

A second version is the distribution of the whole thread depth to constant infeed depths. When doing so, the cutting cross-

section becomes largerfrom cut to cut, but with smaller values for the thread depth, this technology can resultin better
cutting conditions.

The finishing allowance FAL is removed after roughing in one step. Then the idle passes programmed under parameter NID

are executed.
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IANG (infeed angle)

IANG = €/2

By using parameter IANG, the angle is defined underwhich the infeed is carried out in the thread. If you wish to infeed ata
right angle to the cutting direction in the thread, the value of this parameter mustbe set to zero. This meansthat the
parameter can be omitted in the parameterlist, as in this case the value is defaulted automatically with zero. If you wish to
infeed along the flanks, the absolute value of this parameter may amountmaximally to the half of the flank angle of the tool.

The execution of the infeed is defined by the sign of this parameter. With a positive value, infeed is always carried out along
the rear flank, and with a negative value, infeed is always carried out along the front flank. If the value of IANG for tapered
threadsis nonetheless negative, the cycle will carry out a flank infeed along a flank.

NSP (starting point offset)

You can use this parameterto program the angle value defining the pointof the first cut of the thread turn at the
circumference ofthe turned part. This involves a starting point offset. The parameter can assume values between 0.0001
and +359.9999 degrees. If no starting point offset has been specified or the parameter has been omitted from the parameter
list, the first thread turn automatically starts at the zero-degree mark.

PP1, PP2 and PP3 (thread lead)

These parameters are used to define the value of the thread lead in the three sections of the thread series. A value without
sign must be entered as the lead value.
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VARI (machining type)

By using the VARI parameter,itis defined whether external or internal machining will be carried outand which technology
will be used with regard to the infeed when roughing. The VARI parameter can assume values between 1 and 4 with the

following meaning:

Infeed
with constant infeed depth

Infeed
with constant cutting cross-section

Value Ext./int. Const. Infeed/const. cutting cross-section
1 External Constantinfeed

2 Internal Constantinfeed

3 External Constantcutting cross-section

4 Internal Constantcutting cross-section

If a different value is programmed for the VARI parameter, the cycle is aborted after output of alarm 61002 "Machining type

defined incorrectly".
NUMTH (number of thread turns)

Use the NUMTH parameter to define the number ofthread turns with a multiple-turn thread. For a single-turn thread, the

parameter mustbe assigned zero or can be ignored.

The thread turns are distributed equally over the circumference ofthe turned part; the first thread turn is determined by the

NSP parameter.

To produce a multiple-turn thread with an asymmetrical arrangement ofthe thread turns on the circumference, the cycle for
each thread turn mustbe called when programming the appropriate starting pointoffset.

0-degree marker
1

1
Start I Start
1% thread 4" thread
Start
Start
o thread | 3 thread
!
NUMTH =4
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_VRT (variable refraction path)

The retraction path can be programmed on the basis of the initial thread diameterin the _VRT parameter. For _VRT =0
(parameter notprogrammed), the retraction path is 1 mm. The retraction path is always measured according to the

programmed measuring system, inch ormetric.

Programming example: Thread chain

You can use this program to produce a thread chain starting with a cylindrical thread. The infeed is performed vertically to
the thread; neitherfinishing allowance, nor starting point offset is programmed. Five roughing cuts and one noncutare
performed. The machining type is defined as longitudinal, external, with constant cross-section of cut.

50—
36—

30— é

- | | I
-t

-80 -60 30

N10 G95 T5 D1 S1000 M4

N20 GO X40 Z10

N30 CcycLes9s (o, 30, -30, 30, -60, 36, -80, 50, 10, 10,
0.92, , , , 5,1, 1.5, 2, 2, 3, 1,)

N40 GO X55

N50 710

N60 X40

N70 M2

125.8 Thread cutting- CYCLE99

Programming

; Specification of technology values
; Approach starting position
; Cycle call

; Traverse axis by axis

; End of program

CYCLE99 (SPL, DM1, FPL, DM2, APP, ROP, TDEP, FAL, IANG, NSP, NRC, NID, PIT, VARI, NUMTH, _VRT, 0,0, 0, 0, 0,

0,0, PITA, 0,0, 0, PSYS)

Parameters

Parameter | Datatype Description

SPL REAL Thread starting pointin the longitudinal axis
DM1 REAL Thread diameter at the starting point

FPL REAL Thread end pointin the longitudinal axis
DM2 REAL Thread diameter at the end point

APP REAL Run-in path (enter withoutsign)

ROP REAL Run-outpath (enter without sign)

TDEP REAL Thread depth (enterwithout sign)

FAL REAL Finishing allowance (enter withoutsign)
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Parameter | Datatype Description
IANG REAL Infeed angle
Range of values:
>0: Infeed along the rearflank
<0: Infeed along the front flank
=0: Infeed at a right angle to the cutting direction
NSP REAL Starting pointoffset for the first thread turn (enter withoutsign)
NRC INT Numberofroughing cuts (enter withoutsign)
NID INT Number ofidle passes (enter without sign)
PIT REAL Thread pitch value (enter withoutsign)
Unitdefined in parameter PITA
VARI INT Definition of the machining type for the thread (values: 300101 = external thread with linear
infeed; 300102 = internal thread with linearinfeed; 300103 = external thread with degressive
infeed; 300104 = internal thread with degressive infeed)
NUMTH INT Numberofthreads (enter without sign)
_VRT REAL Variable retraction path for thread cutting, incremental (enter withoutsign)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PSYS INT Internal parameter, only the default value 0 is possible (value: 0)
PITA INT Unit of parameter PIT (thread pitch)
Values:
1 = pitch in mm/revolution
2 = pitch in threads per inch(TPI)
PSYS STRING Internal parameter
PSYS STRING Internal parameter
PSYS STRING Internal parameter
PSYS INT Internal parameter, only the following values are possible (values: 0 = Longitudinal thread;
10 = Face thread; 20 = Taper thread)
Function

The thread cutting cycle consists of three alternatives: longitudinal thread, face thread or taper thread.

Use this cycle to produce cylindrical and tapered external and internal threads with constant lead in longitudinal and face
machining. The thread can be single or multiple. With multiple threads, the individual thread turns are machined one after

the other.

For thread infeed, you can carry out the infeed with constant infeed depth or constant cutting cross-section.

Right-hand or left hand thread is determined by the direction of rotation of the spindle which mustbe programmed priorto

the cycle start.

Both feed and spindle override are ineffective in the traversing blocks with thread.
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See the followingillustration for CYCLE99:

Note
To use this cycle, the spindle mustbe equipped with an encoder.

Sequence
Position reached prior to cycle start:

Starting positionis any position from which the programmed thread starting pointand run-in path can be approached without
collision.

The cycle creates the following sequence of motions:

e Approach of the starting pointdetermined in the cycle at the beginning ofthe run-in path for the first thread turn with GO
® Infeed for roughing according to the infeed type defined under VARI.

® Thread cutting is repeated according to the programmed number ofroughing cuts.

® The finishing allowance isremoved in the following step with G33.

® This step is repeated according to the number ofidle passes.

® The whole sequence of motions is repeated for each further thread turn.

Explanation of the parameters
DM1 and DM2 (diameter)

Use this parameterto define the thread diameter ofstarting and end point of the thread. In the case of internal threads, this
is the tap-hole diameter.
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Interrelation SPL, FPL, APP and ROP (starting, end point, run-in and run-out path)
See the followingillustration for the parameters for CYCLE99:

i

X |y SPL ~

ke

APP

@ S

The programmed starting point (SPL) or end point (FPL) constitutes the original starting pointof the thread. The starting
pointused in the cycles, however, is the starting point broughtforward by the run-in path APP.

The run-out path (Cut out) begins before the programmed end point FPL. It brings the end position of thread forward so that
the end of cut outis equal FPL.

Interrelation TDEP, FAL, NRC and NID (thread depth, finishing allowance, number of cuts)

The programmed finishing allowance acts paraxially and is subtracted from the specified thread depth TDEP; the remainder
is divided into roughing cuts.

The cycle will calculate the individual infeed depth automatically, depending on the VARI parameter.

When the thread depthis divided into infeeds with constant cutting cross-section, the cutting force will remain constantover
all roughing cuts. In this case, the infeed will be performed using differentvalues for the infeed depth.

A second version is the distribution of the whole thread depth to constant infeed depths. When doing so, the cutting cross-
section becomes largerfrom cut to cut, but with smallervalues for the thread depth, this technology can resultin better
cutting conditions.

The finishing allowance FAL isremoved after roughing in one step. Then the idle passes programmed under parameter NID
are executed.
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IANG (infeed angle)

IANG < €/2

By using parameter IANG, the angle is defined under which the infeed is carried outin the thread. If you wish to infeed ata
right angle to the cutting direction in the thread, the value of this parameter mustbe set to zero. If you wish to infeed along
the flanks, the absolute value of this parameter may amountmaximally to the halfof the flank angle of the tool.

The execution of the infeed is defined by the sign of this parameter. With a positive value, infeed is always carried out along
the rear flank, and with a negative value, infeed is always carried out along the front flank. If the value of IANG for tapered
threadsis nonetheless negative, the cycle will carry out a flank infeed along a flank.

NSP (starting point offset) and NUMTH (number)

You can use this parameterto program the angle value defining the pointof the first cut of the thread turn at the
circumference ofthe turned part. This involves a starting point offset. The parameter can assume values between 0 and
+359.9999 degrees. If no starting pointoffset has been specified orthe parameter has been omitted from the parameter list,
the first thread turn automatically starts at the zero-degree mark.

0-degree marker

Start 1 Start
1st thread 4 thread

Start Start
2" thread 3 thread
!
NUMTH = 4

Use the NUMTH parameter to define the numberofthread turns with a multiple-turn thread. For a single-turn thread, the
parameter mustbe assigned zero or ignored directly.

The thread turns are distributed equally over the circumference ofthe turned part; the first thread turn is determined by the
NSP parameter.

To produce a multiple-turn thread with an asymmetrical arrangementofthe thread turns on the circumference, the cycle for
each thread turn mustbe called when programming the appropriate starting pointoffset.
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PIT (thread pitch) and PITA (unit of thread pitch)

The thread lead is an axis-parallel value and is specified withoutsign. The unitof it is defined in parameter PITA.
PITA =1 pitch in mm/revolution

= 2 pitchin threads per inch (TPI)

VARI (machining type)

By using the VARI parameter, itis defined whether external or internal machining will be carried outand which technology

will be used with regard to the infeed when roughing. The VARI parameter can assume values between 1 and 4 with the
following meaning:

¥
¥
Infeed ;

with constant infeed depth

A4

Infeed
with constant cutting cross-section

Value Ext./int. Const. Infeed/const. cutting cross-section
300101 o Constantinfeed

300102 I Constantinfeed

300103 (0] Constantcutting cross-section

300104 I Constantcutting cross-section

If a different value is programmed for the VARI parameter, the cycle is aborted after output of alarm 61002 "Machining ty
defined incorrectly".

_VRT (variable retraction path)

The retraction path can be programmed on the basis of the initial thread diameterin the _VRT parameter.For _VRT =0

(parameter notprogrammed), the retraction path is 1 mm. The retraction path is always measured according to the
programmed system of units, inch or metric.
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PSYS (the last parameter displayed on the screen)
This parameter specifies the selection of longitudinal thread, face thread or taper thread.

0 = longitudinal thread:

PIT

10 = face thread:
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20 = taper thread:

PIT

Programming example: Thread cutting

By using this program, you can produce a metric external thread M42x2 with flank infeed. Infeed is carried out with constant
cutting cross-section. At the end of thread a cut out of 7 mm is defined. 5 roughing cuts are carried out at a thread depth of
2.76 mm withoutfinishing allowance. At completion ofthis operation, two idle passes will be carried out.

N60 GO G90 X100 2100
N70 M30
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7
M42x2

B /- L

ﬂ} 35 Z
N10 GO G90 X60 Z100 G95
N20 T1 D1
N30 Mo6
N40 S1000 M4
N50 CYCLES9 (0, 42, -35, 42, 5, 7, 2.76,
300101, 1, 0, 0O, 0, 0, 0O, O, O, O, 1, , ,

; Selection of starting position

; Tool change
; Specification of technology values
; Cycle call

; Approach next position
; End of program
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12.6 Error messages and error handling

12.6.1 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 will notinterrupt

the program execution.

The errors with their reactions and the messagesin the message line of the control system are described in conjunction with

the individual cycles.

12.6.2 Error handling in the cycles

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.

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 preparationin the NC is aborted

62000 ... 62999

Clearkey

The block preparationis interrupted,;
the cycle can be continued the follow-
ing key on the MCP after the alarm has
been cleared:

12.6.3 Overview of cycle alarms

The error numbers are classified as follows:

s |

| x

® X=0 General cycle alarms

o X=1 Alarms generated by the drilling/drilling pattern/milling cycles

® X=6 Alarmsgenerated by the turning cycles

1264 Messagesin the cycles

The cycles display theirmessages in the message line ofthe control system. These messages will notinterrupt the 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.

224

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017



13 Machining typical turning parts
131 Operations before programming

Operating sequence

1. 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 19)").

Create the required tools (see Section 'Creating a tool (Page 20)").

3. Activate the tools and the spindle (see Section 'Activating the tool and the spindle
(Page 23)").

4. Proceed with the handwheel assignmentoperations ifthe machine manufacturer has not
assigned the handwheel for the control system (see Chapter 'Assigning the handwheel
(Page 24)").

5. Proceed with the tool setting operations to finish measuring all the tools (see Section

'Additional method for measuring the tool (Page 59)").

6. Verify the tool offset result to guarantee the safety and correctness of machining (see Sec-
tion [Verifying the tool offset result (Page 32)").

13.2 Programming for machining a spherical surface (Example 1)

Workpiece drawing (unit: mm)

N
&

y
© R20

@44

1

VR

3
65
Coordinates of key machining points
Point X coordinate Z coordinate
1 33.762 -30.726
2 40.704 -56.290
3 44.000 -60.000

Technical requirements

® The arc transition mustbe smooth, without lapping.

® The cutting trace mustbe even.

® The sharp edges mustbe rounded.
Blank data

Blank material: aluminum bar

Blankdiameter:45mm

Blanklength: 100 mm (machining limitalong the Z axis: Z-66; three-jaw chuck clamping length: 25 mm)
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Required tool

Tool type Tool number Roughing Finishing
DIN ISO Speed Feedrate Speed Feedrate
35 ° finishing tool T2DA1 T0202 S1000 F0.2 S2000 FO.1

Note

e When programming in ISOmode, you need to set the H numberofT2 to 2 in the tool list;
e Cutthe workpiece manually aftermachiningis over.

Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC] e

New

v
0K

226

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 Execute

==gpof==
Renumber

Search

S ME ol B Tum. = cont S Active [ Simu. R .

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\1.MPF

G2gef

T2 D1f

Go X160 Z21e@0f
M3 510001

i

==gpof==
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6. Open the vertical softkey bar for available turning cycles.

Eé’: Turn.
7. Press this softkey to open the window for CYCLE95 and enter the name of the contour
Stock subroutine in "NPP", for example, "RR".
removal
8. Press this softkey to open the program editor window again and enter the program blocks
Attach for the external contour:
contour G1 X0 20
G3 X33.762 Z-30.726 CR=20
G2 X40.704 Z-56.29 CR=20
G2 X44 Z-60 CR=5
G1 Z-66
X45
Note:
Make sure you enter the blank diameterin the last line of the program for the external con-
tour (for example, "X45" in the above program). Besides, the program for the external con-
tour has to be positioned after "M30". For detailed information, see the screenshots of the
complete program atthe end of this example.
9. Press this softkey to return to the window for CYCLE95 and enter the desired parameters
'_|'El::h as follows:
interface
NPP RR: RR_E
¥ MID 1.50000
FALZ
FALX
FAL 0.15000
FF1 0.20000
FF2 0.10000
FF3 0.10000
URRI 1 (8]
ot 0.00000
DAM .06000
_URT 2.00000
v 10. Press this softkey to confirm yourinput and open the cycle programming window.
oK
11. Enter the following program block:

M3 S2000
12. Press this softkey to return to the program editor window.

=/ Edit

13. Move the cursorto "C" in the line for CYCLE95 with the cursorkeys and press this softkey

Mark to insert a marker.
On
14. Use the cursorkeys to selectthe entire program block for CYCLE95. Press this softkey to
Copy copy the selection to the buffer memory.
15. Place the cursor on the end-of-block character after "M3 S2000" with cursor keys and press
—<>> this key on the MCP to enter a new line.
INPUT
16. Paste the content of the buffer memoryinto the newline.
Paste
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17. Press this softkey to open the window for CYCLE95 again. Move the cursor to the inputfield
| Re- of "VARI".

18. Press this key to change the value to "5".

19. Press this softkey to acceptthe change.

20. Press this key to enter a new line.

_<’> Continue to enter the following program blocks:
= GO0 X100 2100

MO05

M30

Then you can proceed with the operations for 'program simulation and execution
(Page 249)".

Screenshots of the complete program

Screen 1: Screen 2:

3298“ i HR_E: ; W R WK R W Rk W GONTUUR ENDS ‘k‘k‘k‘k‘k‘k*‘k‘k‘k‘k‘k“ ml
T2 D1y 1 1

36 X1ee Z1@ef - ==pof==

13 S1eoef

SYCLE9S( "RR:RR_E", 1.5, , ,8.15, 0.2 8.1, 0.1, 1, 8, 8, 2)T
13 520001

3YCLE9S( "RR:RR_E", 1.5, , ,8.15, 0.2, 0.1, 0.1, 5, 0, 8, 2)1
20 X180 Z1@ef

1651

1381

; ‘)(*****k‘)(*****GONTOURk******k****“

3R: 1

al Xe Zefy

a3 X33.762 2-30.726 CR=201

32 X40.704 2-56.29 CR=20(

a2 X44 2-68 CR=5Y 1
il 2-661
{45

Operating sequence for programming in ISO mode

G SVS’EA'V\'\ 1. Select the system data operating area.
+| ALARM

SHIFT
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!
3. Press this softkey and control system automatically starts the mode change from Siemens
v mode to ISO mode.
oK
4. Select the program managementoperating area.
PROGRAM
MANAGER
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5. Press this softkey to enterthe system directory for storing part programs.

[NC] ne

6. Press this softkey and enterthe name ofthe new program.
New
\/ 7. Press this softkey to confirm yourentry. The part program editor window opens automatical-
ly.
oK
NC:\MPF\1.MPF 1
I

=eof==
Renumber

Search

8. Enter the following program:
G291
T0202
G0 X100 2100
M3 S1000
X46 Z3
G71U1R1
G71 P10 Q20 U0.2WO0.1 F0.2
N10 GO X0 Z3
G120
G3 X33.762 2-30.725 R20
G2 X40.704 Z-56.29 R20
G3 X44 Z-60 R5
G1Z-66
N20 X45
M3 S2000
G70 P10 Q20 FO.1
G0 X100 2100
M30

Then you can proceed with the operations for 'program simulation and execution
(Page 249)".
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133 Programming for machining contours (Example 2)

Workpiece drawing (unit: mm)

. 1 R8
/ —_R3
R1 P _
T2 ]
21
1A\
9 = N 2| |2 2 2| 2 LS 2
S N Q Q| Q Q| Q Q| Q Q Q
/i 2
| 4 I~
L L

34 40
90

Blank data

Blank material: aluminum bar

Blankdiameter:45mm

Blanklength: 150 mm (machining limitalong the Z axis: Z-95; three-jaw chuck clamping length: 40 mm)

Required tool

Tool type Tool number Roughing Finishing
DIN ISO Speed Feedrate Speed Feedrate
35 ° finishing tool T2D1 T0202 S1000 F0.2 S2000 FO.1
Note
e When programmingin ISOmode, you need to set the H numberofT2 to 2 in the tool list;
¢ Cutthe workpiece manually after machiningis over.
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
Programming and Operating Manual (Turning)
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s 4.
0K
5.
6.
==‘= Turn.
Stock 7
removal

Press this softkey to confirm yourentry. The part program editor window opens automaticalk
ly.

NC:\MPF\2.MPF 1

/

=eof==
Renumber

Search

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\2.MPF

G290
T2 D1y

M3 510001
GO X1ee Z1eef

I

==eof==

Open the vertical softkey bar for available turning cycles.

Press this softkey to open the window for CYCLE95 and enter the name of the contour
subroutine in "NPP", for example, "WW".
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Attach
contour

Tech
interface

0K

=/ Edit

Mark

232

10.

11.

12.

13.

Press this softkey to open the program editor window again and enter the program blocks
for the external contour:

G0 Z0 X0
G1 X10 RND=1
Z-2

Z-12 X5
Z-16 X20
Z-31 X10
Z-33 X19
Z-35

X25 RND=3
Z-40

Z-48 X15
X19 RND=1
Z-50

Z-54 X15
Z-60

Z-70 X24
Z-74

X40 RND=8
Z-84

Z-90 X36
Z-95

X45

Note:

Make sure you enter the blank diameter in the last line of the program for the external con-
tour (for example, "X45" in the above program). Besides, the program for the external con-
tour has to be positioned after "M30". For detailed information, see the screenshots of the
complete program atthe end of this example.

Press this softkey to return to the window for CYCLE95 and enter the desired parameters
as follows:

CYCLE95 Retract. path from contour, incremental

NPP ul: UU_E
% MID 1.00800
r FALZ 0.000008
r FALX 9.15668@
y FAL 0.80000
y FF1 0.20008
} FF2 0.10000
L, FF3 0.10000
I UARI 1 )
L DT 0.000008
DAM 0.000008
f _URT 2.00008

Press this softkey to confirm yourinput and open the cycle programming window.

Enter the following program block:
M3 S2000
Press this softkey to returnto the program editor window.

Move the cursorto "C"in the line for CYCLE95 with the cursorkeys and press this softkey
to inserta marker.
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14,
Copy
_<>> 15.
16.
Paste
2 Re- 17.
227 comp.
18.
O
SELECT

‘/ 19.
0K

Use the cursorkeys to selectthe entire program block for CYCLE95. Press this softkey to
copy the selection to the buffer memory.

Place the cursor on the end-of-block character after "M3 S2000" with cursor keys and press
this key on the MCP to enter a new line.

Paste the content of the buffer memoryinto the newline.

Press this softkey to open the window for CYCLE95 again. Move the cursor to the inputfield
of "VARI".

Press this key to change the value to "5".

Press this softkey to acceptthe change and continue to enter the following program blocks:
GO0 X100 z100

MO05

M30

Then you can proceed with the operations for 'program simulation and execution
(Page 249)".

Screenshots of the complete program

Screen 1: Screen 2:

NeampR2. 1 JNC\MPRL 19

#2981 | E31Xx18 1

T2 D11 1 2-33x19 1

13 Siee8f = 2-35 |

30 X100 Z1ieef {25 RND=3 |

JYCLESS( "WU:UW_E", 1, @, 8.15, @, 0.2, 0.1, 6.1, 1, 8, 8, 2)1 2-48 1

13 520001 2-48 X15 1

JYCLESS( "WW:UWW_E", 1, @, 8.15, @, .2, 8.1, 6.1, 5, 8, 8, 2)1 €19 RND=1 T

38 X1ee Z2iesf ?2-58 |

1057 2-54 X15 | L
1301 2-68 1 1
T 2-78 X24 |

;*k******k****CONTOUR**k******k**“ 2_74 “

| <48 RND=8 1

38 20 Xo 1 2-84 1

31 X18 RND=1 1 2-90 X36 1

-2 1 2-95 1

-12 X5 1 5 1

2-16 X20 1 o L
Screen 3:

NCAMPF\2. 37

DA_E:;************* CONTOUR ENDS *%x %%k sy
I

==eof==
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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 Siemens
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.
NC
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 automatical-
ly.
0K
NC:\MPF\2.MPF 1 Exacute
==gof==

Renumber

Search
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8. Enter the following program:
G291
T0202
M3 S1000
G0 X100 2100
G0 X45 Z3
G71U2R1
G71 P10 Q20 U0.15WO0 FO0.2
N10 GO X0 Z3
G120
X8
G3 X10 Z-1 R1
G122
Z-12 X5
Z-16 X20
Z-31 X10
Z-33 X19
Z-35
G3 Z-38 X25 R3
G1Z-40
Z-48 X15
X17
G3 X19 Z-49 R1
G12Z-50
Z-54 X15
Z-60
Z-70 X24
Z-74
G3 Z-82 X40 R8
G12Z-84
Z-90 X36
Z-95
N20 X45
M3 S2000
G70 P10 Q20 FO.1
G0 X100 2100
MO05
M30

Then you can proceed with the operations for 'program simulation and execution
(Page 249)".
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134 Programming for roughing, grooving and threading (Example 3)

Workpiece drawing (unit: mm)

0
3 N
3 o —
=
3*1.5
20
Coordinates of key machining points
Point X coordinate Z coordinate
1 25.596 -35.868
2 34.722 -39.987
3 44.000 -44 974
4 44.000 -48.624
5 30.000 -50.500
6 30.000 -55.500
7 44.000 -57.376
Blank data

Blank material: aluminumbar
Blank diameter:45 mm
Blanklength: 100 mm (machining limitalong the Z axis: Z-68; three-jaw chuck clamping length: 25 mm)

Required tools

Tool type Tool number Roughing Finishing

DIN ISO Speed Feedrate Speed Feedrate
90 ° roughing tool T1D1 T0101 S1000 F0.2 S2000 FO.1
3 mm grooving tool T3D1 T0303 S600 FO.1 S600 F0.05
External threading tool T4DA1 T0404 S600 - S600 -
Note

¢ When programmingin ISOmode, you need to set the H numbersofT1, T3, and T4 to 1, 3, and 4 in the tool list
respectively. Three tools are required for the recommended programin ISO mode given later. You need to measure
them before machining. MOO is to stop program execution after cutting is overfor each tool. To continue executing the
program, you need to press the following key on the MCP:

e Cutthe workpiece manually after machiningis over.
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Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC] ne

New

v
0K

B= Turn.

Stock
removal

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\3.MPF 1 Execute
==eof==

Renumber

Search

SO NE™ Dl =8 T, bt cant. G Active | Simu. o ?gr_np.

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\3.MPF

G290

T1 D1f

M3 S516e0f

GO X100 21801

I

==eof==

Open the vertical softkey bar for available turning cycles.

Press this softkey to open the window for CYCLE95 and enter the name of the contour
subroutine in "NPP", for example, "WW".
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Attach
contour

Tech
interface

0K

=/ Edit

Mark
On

Copy

INPUT

Paste

=5 | Re-

227 comp.

238

10.

11.

12.

13.

14.

15.

16.

17.

Press this softkey to open the program editor window again and enter the program blocks
for the external contour:

G1 X0 20

X20 CHF=1.5

Z-20

X25.596 7-35.868

G2 X34.722Z-39.987 CR=5
G3 X44 Z-44 974 CR=5
G12-68

X45

Note:

Make sure you enter the blank diameter in the last line of the program for the external con-
tour (for example, "X45" in the above program). Besides, the program for the external con-
tour has to be positioned after "M30". For detailed information, see the screenshots of the

complete program atthe end of this example.

Press this softkey to returnto the window for CYCLE95 and enter the desired parameters

as follows:

CYCLE95 Retract. path from contour, incremental

NPP UU: W_E
" MID 1.00000

FALZ 9.00060

FALX 9.15000

FAL 0.00000

FF1 0.20000

FF2 9.10000

FF3 0.10000

UARI 1 )

DT 9.00000

DAM 9.00060

_URT 2.00000

Press this softkey to confirm yourinput and open the cycle programming window.

Enter the following program block:
M3 S2000
Press this softkey to returnto the program editor window.

Move the cursorto "C" in the line for CYCLE95 with the cursorkeys and press this soft-
key to insert a marker.

Use the cursorkeys to selectthe entire program block for CYCLE95. Press this softkey to
copy the selection to the buffer memory.

Place the cursor on the end-of-block character after "M3 S2000" with cursor keys and press
this key on the MCP to enter a new line.

Paste the content of the buffer memoryinto the new line.

Press this softkey to open the window for CYCLE95 again. Move the cursor to the inputfield
of "VARI".
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18. Press this key to change the value to "5".

SELECT

19. Press this softkey to acceptthe change and continue to enter the following program blocks:
0K G0 X100 2100

MO0

T3 D1

M3 S600

G0 X100 2100

Z-20

X22

G1X17 F0.1

X20 F0.5

GO0 X50
20. Open the vertical softkey bar for available turning cycles.

}g Turn.
21. Press this softkey to open the window for CYCLE93. Enter the desired parameters as fol-
Groove lows:
SPD 44.00008
SPL -48.62480
_ SPL WinG 5.00000
X DIAG 7.00000
STA1 ©.00000
} IDEP ANG1 15.00000
o= ANG2 15.00000
g5 RCOT -8.50008
RCO2 -9.50000
RCI 0.50000
RCI2 ©.56000
vinG FAL1 9. 10000
2 FAL2 9.16000
IDEP 2.00000
DTB ©.00000
UARI 5 (3]
_URT 1.06000
v 22. Press this softkey to confirm yourinput.
0K
23. Enter the following program blocks:
GO0 X100 2100
MO0
T4 D1
M3 S600
G0 X100 2100
24, Open the vertical softkey bar for thread cutting cycles.
Thread
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Open the window for CYCLE99. Enter the desired parameters as follows:

No modification of the internal parameters.

5PL 8.00000
DM1 20.00000

FPL -17.80068

DM2 20.00000

APp 1.00000

ROP 1.50080

TDEP 1.40080

FAL 9.10000

IANG 9.00000

NSP 0.00000

NRC 10 |
NID 2 |
PIT 2.50000

VAR 300103 0
NUMIH 1

_URT 2.00000

PSYS 8

Psys DR |

Set the parameters visible only with the scroll barto theirdefault values.

Continue to enter the following program blocks:

Then you can proceed with the operations for 'program simulation and execution

25.
Thread
long. CYCLES
X
SPL
T AL -
L S
Dr12 Do
2
Note:
26.

GO0 X100 2100

MO05

M30

(Page 249)".
Screenshots of the complete program
Screen 1:
fiogay T
T1 DT b
13 S1e00f =

30 X1eo Z1eef
JYCLESS( "WW:UL_E",
13 S2e00f

JYCLESS( "WW:UL_E",
38 X1ee Z1@ef

1eef

I3 DY

13 56001

i@ X1ea Z1@ef
2-201

{221

i1 X17 Fe.1Y

€20 F@.51

i@ Xsey

1, 9, 0.15, 0, 8.2, 8.1, 8.1, 1, 8, 8, 2)T

1, @, 8.15, 0, 8.2, 6.1, 9.1, 5, 0, 8, 2)1

JYCLE93( 44, -48.624, 5, 7, 8, 15, 15, -8.5, -8.5, 8.5, 8.5, 8.1, @.|

240

Screen 2:

NC:\MPF\3.
1, 2 8 5 1T
38 X1ee Z21@ef
100

T4 D1

13 56001

30 X100 Z1@ef

SYCLEs9( e, 28, -17, 20, 1, 1.5 1.4, 0.1, @, 8, 18, 2, 2.5, 300183
1,2 0 0, 6 0 8 6,0 1,

30 X100 21001
1051

1301

I

FARS |

i1 Xe Zef
K26 CHF=1.5Y
z-201

X25.596 2-35.8681

ks ek s s CONTQLIR % e e[

L) |
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Screen 3:

NC:\MPF\3. 35
B2 ¥34.722 7-39.987 CR=51

33 X44 Z-44.974 CR=5{

31 2-681

{451

JU_E: ; HAHIIRKEE AT RN N CUHTOUR EHDS ************“

)

==egof==

Operating sequence for programming in ISO mode

G SVZ’Q\ 1. Select the system data operating area.

SHIFT | +| ALARM

2. Press this softkey and the system prompts the following window:

— I

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 Siemens
mode to ISO mode.
0K
4. Select the program managementoperating area.
PROGRAM
MANAGER
5. Press this softkey to enter the system directory for storing part programs.
NG
6. Press this softkey and enterthe name ofthe new program.

New
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v 7. Press this softkey to confirm yourentry. The part program editor window opens automatical-
0K ly.

NC:\MPF13.MPF 1 Execute

==pof==

Renumhber

8. Enter the following program:
G291
T0101
M3 S1000
GO0 X100 2100
GO0 X46 Z3
G71 U2 R1
G71 P10 Q20 U0.15W0.1 F0.2
N10 GO X0 Z3
G120
X17
X2027-1.5
Z-20
X25.596 Z-35.868
G2 X34.722 Z-39.987 R5
G3 X44 Z-44 974 R5
G1Z-68
N20 X45
M3
S2000
G70 P10 Q20 FO.1
GO0 X100 2100
MO0
T0303
M3 S600
GO0 X100 2100
Z-20
X22
G1X17 FO1
X20 F0.5
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136 Programming for roughing and finishing (Example 4)

Workpiece drawing (unit: mm)

G0 X50
Z-54.27

X46
G1X30F0.1
GO0 X46
Z-54.73
G1X30F0.1
GO0 X46
Z-58.38
G1X44 F0A1
X41.67 Z-57.01
X31.482-55.7
G3 X30 Z-54.73 R1
G12Z-54.7

GO X46
Z-50.21
G1X44 F0A1
X42.07 Z2-51.88
X31.482-53.3
G2 X30 Z2-54.27 R1
G12Z-54.3

GO X46

60
15 |5 10
0
8 & = 8 g R
o 1X45° =
?:\
1 X 45°
Blank data

Blank material: aluminumbar

Blankdiameter:45mm

Diameter ofthe bottom hole: 18 mm

Blanklength: 150 mm (machining limitalong the Z axis: Z-95; three-jaw chuck clamping length: 40 mm)
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Required tools

Tool type Tool number Roughing Finishing

DIN ISO Speed Feedrate Speed Feedrate
Turning tool for boring T1D1 TO101 S1000 F0.2 S2000 FO0.1
Internal threading tool T2DA1 T0202 S1000 F0.2 S600 F1.5

Note

e When programming in ISOmode, you need to set the H numbersof T1 and T2 to 1 and 2 respectively;
e Cutthe workpiece manually after machiningis over.

Operating sequence for programming in Siemens mode

PROGRAM
MANAGER

[NC] e

New

v
0K

244

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\4.MPF 1 Execute
==eof==

Renumher

Enter the following program in the window. The control system saves your editing automati-
cally.

NC:\MPF\4.MPF

T1 D1f
Go Xo 21501
M3 58001

i

==gpof==
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6. Open the vertical softkey bar for available turning cycles.

Eé’: Turn.
7. Press this softkey to open the window for CYCLE95 and enter the name of the contour
Stock subroutine in "NPP", for example, "LL".
removal
8. Press this softkey to open the program editor window again and enter the program blocks
Attach for the external contour:
contour G1 X70 20
X60 Z-10
X48.5 CHR=1
Z-30
X40 Z-35
Z-50 RND=10
X20
Z-61
X18
Note:
Make sure you enter the bottom hole diameter ofthe blankin the last line of the program for
the external contour (for example,"X18"in the above program). Besides, the program for
the external contour has to be positioned after "M30". For detailed information, see the
screenshots of the complete program atthe end of this example.
Tech 9. Press this softkey to return to the window for CYCLE95 and enter the desired parameters
ec as follows:
interface
CYCLE95 Retract. path from contour, incremental
NPP LL: LL_E
MID 1.00008
FALZ 9.05000
FALX ©.16000
FAL ©.00000
FF1 9.20000
FF2 9.16000
FF3 ©.10000
URRI 3 3]
DT 9.00000
DAM 9.00000
_URT 1.000080
v 10. Press this softkey to confirm yourinput and open the cycle programming window.
oK

11. Enter the following program block below the program line for CYCLE95:
M3 S1000
12. Press this softkey to return to the program editor window.

=/ Edit

13. Move the cursorto "C"in the line for CYCLE95 with the cursorkeys and press this soft-

Mark key to insert a marker.
On

14. Use the cursorkeys to selectthe entire program block for CYCLE95. Press this softkey to
Copy copy the selection to the buffer memory.
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INPUT

Paste

| Re-

227l comp.

SELECT

0K

Eé’: Turn.

Thread

Thread
long.

246

15.

16.

17.

18.

19.

20.

21.

22.

23.

Place the cursor on the end-of-block character after "M3 S1000" with cursor keys and press
this key on the MCP to enter a newline.

Paste the content of the buffer memoryinto the new line.

Press this softkey to open the window for CYCLE95 again. Move the cursor to the inputfield
of "VARI".

Press this key to change the value to "7".

Press this softkey to acceptthe change and continue to enter the following program blocks:
G0 X0 2150

MO05

MO0

T2 D1

M3 S600

Open the vertical softkey bar for available turning cycles.

Open the vertical softkey bar for thread cutting cycles.

Open the window for CYCLE99. Enter the desired parameters as follows:

CYCLE99 No modification of the internal parameters.
SPL -16.00600 [
DM1 48.500008
X FPL -29.00800
SPL DM2 48.50000
FPL APP 2.00008
ROP 1.000800
TDEP 0.900008
FAL 8.685008
IANG 0.000608
S RERREEE NSP 9.00000
NRC 6
DM2 Dr1 N > i
2 PIT 1.50600
UARI 300104 8]
NUMTH 1
_URT 2.600008
PSYS 1]
PSYS I |

Note:

Set the parameters visible only with the scroll bar to their default values.
Continue to enter the following program blocks:

GO0 X0 z150

MO05

M30

Then you can proceed with the operations for program simulation and execution
(Page 249)".
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Screenshots of the complete program

Screen 1: Screen 2:

NCAMPF . 15

1 D1y 1 [=e1 [
39 xa 21591' E ;-k************COHTOUR************“

13 S8l 4T

SYCLE9S( "LL:LL_E", 1.00600, ©0.05000, ©0.10000, 0.00000, 0.20000, 0.1 al X7e 2oy

3000, 0.100008, 3, 0.00000, 0.00000, 1.00000)1 {60 Z-1e7

13 Sieeef £48.5 CHR=1Y

SYCLE9S( "LL:LL_E", 1.00600, 0.05000, ©.10008, 0.00000, ©,26000, 0.1 2-30f1

2000, 0.10000, 7, 0.00000, 0.00000, 1.80000)1T {40 2-351

38 Xo 21501 ?-50 RND=101

1051 {201 )
1801 2-611 B
2 D11 181

13 Ssaa‘l’ LL_E:;************* GOHTO”R ENDS ************1{

CYCLE99( -10.00000, 48.50000, -29.00000, 48.50000, 2.00000, 1.00000, T

0.90000, ©.05000, 0.00000, ©.00000, 6, 2, 1.50000, 300164, 1, 2.000 ==egof==

3], 0, 9, 6, 0, 8, 0, 9, 1, , , ,0)7

38 X8 21581

1851 L L

Operating sequence for programming in ISO mode

G svm’:\ 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!
3. Press this softkey and control system automatically starts the mode change from Siemens
v 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.
Ne
6. Press this softkey and enterthe name ofthe new program.

New
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0K

248

Press this softkey to confirm yourentry. The part program editor window opens automatical-
ly.

NC:\MPF14.MPF 1 Execute

==pof==

Renumhber

Enter the following program:
G291

T0101

M3 S800

GO0 X0 Z150

X18 Z3

G71 U2 R1

G71 P10 Q20 U-0.2W0.05 F0.2
N10 G0 X70Z3
G120

X60 Z-10

X50.5

X48.5 Z-11

Z-30

X40 Z-35

Z-40

G3 X20 Z-50 R10
N20G1 Z-61

M3 S1000

G70 P10 Q20 FO.1
GO0 X0 2150

MO05

MO0

T0202

M3 S600

GO X48

Z-8

G92 X48.5Z-30 F1.5
X49

X49.3
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X49.6

X49.8

X49.9

X50

G0 X0 2150

MO05

M30

Then you can proceed with the operations for "program simulation and execution".

13.6 Program simulation and execution

1. Switch to "AUTO" mode.
=)
AUTO
2. Press this softkey to open the program simulation window, and the program control mode
i Simu. PRT is automatically activated.
. 3. Press this key to start the simulation for the the selected part program.
- 4. After you finish the simulation, you can press this softkey to return to the program editor
%H Edit window.
5. Press this softkey and the system automatically changes to "AUTO" mode in the machining
Execute operating area.
6. Make sure that the following preconditions are metbefore start machining:

e 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.

. 7. Press this key to start workpiece machining.
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A 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 259)

e "AUTO" mode (Page 257)

e "MDA" mode (Page 263)

A1.2 Program editing operating area

Softkey functions

Pressing this key on the PPU allows you to open the program editor with the last opened partprogram. If no
j program is ever opened in the program editor, pressing this key switches to the program managementoperating
area.

A -
) 23115'52/55'191512
NC:\AMPF\EXAMPLE.MPF

[[10 G1s G9@ G64 G5 G71 1
N2e T1 D1 f
N3® 55000 M3 F0.3 | 9) Renumhber
N4g Goe X1e8 22 |
N56 Gal 2-5 T
N66 X165 {

N76 Gee SUPR X368 250 D@ |
Nse T2 D1 T i
N9e 53008 M3 Fo.2 |
H166 GBo X99 22 |
N11e Gei 2-5 1T {
N126 X165 T
N136 Geo SUPA X368 250 Do T
Ni4e T3 D1 1
N156 53000 M3 F8.2 |
H166 GBO X165 2-25 |
N17@ Gel X9e T
N18e X105 T

PROGRAM

8 Execute

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

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

QOEPO®O©®®OO
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Executes the currentprogram
Automatically assigns block numbers (Nxx) to all blocks

Opens the block search dialog box

Copies the selected program blocks to the buffer memory

@06 e

A13 Offset operating area

Softkey functions

a
OFFSET
(1SN

REL Wcs MCS
X 0.000 X 0.000 MX1 0.000
0.000 M21

2 0.000 2
5P 0.000 5P 0.000 MSP1

0.000

@ Edges

@

0.000 t'*;if

Delete
tool

@ Search

Inserts a marker at the cursor position for copying/deleting the program blocks selected with the cursor

Pastes the copied program blocks at the currentcursor position

Pressing this key on the PPU allows you to open the following window:

14:52:26
2015/12/21

Measure
tool

[OX
Softkey Function See also
©) Displays and modifies the tool offsets e "Creating a tool (Page 20)"
e "Creating/changing a cutting edge|(Page 22)"

@) Displays and modifies the tool wear data "Entering the tool wear offsets (Page 52)"
® Displays and modifies the workpiece offsets "Entering/modifying workpiece offsets (Page 58)"
®@® Displays and modifies the R variables 'Setting R parameters (Page 64)"
® Configures and displays lists of setting data "Entering/modifying the setting data/(Page|61)"
® Displays the defined user data 'Setting user data/(Page|65)"
@) Measures the tool manually (active only in "JOG" "Measuring the tool manually (with the Y axis)

mode and when the cursoris on the input field for (Page|29)"

tool length)
Creates a new tool Creating a tool/(Page 20)"
©) 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 | -
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A14 Program managementoperating area

Softkey functions
Pressing this key on the PPU allows you to open the following window:
PROGRAM
MANAGER
14:32:13
@ nEF.dF%_nm 2615/12/21

Name Tupe Size Date Time [8) Execute

@ Search

@

@ Paste
NC:AMPF Free: 1.25 MB

[INPUT] 4| key to open file, [DEL] o= | key to delete file

Stores the NC programs for subsequentoperations

Manages and transfers the manufacturer cycles

Reads in/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

Selects allfiles for the subsequentoperations

Copiesthe selectedfile(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:

CESHONCNSNONCONONONONONONONCONS)

e Renamethe part programs
e Cutthe partprograms

Note: Softkeys @ and ® are visible only with the manufacturer password.
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Searching for programs

PROGRAM
MANAGER

NC
User

cycle

Y usg

_+ Netwo.
=~ drive

-, OEM
files

, User
files

Search

O

SELECT

v
0K

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:

-1 User -, OEM
cycle — 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.

Copying, cutting, and pasting programs

PROGRAM

MANAGER
2.
3.

A-kli- vq
4.
5.

1.

Select the program managementoperating area.

Open the desired directory.
Select the program file that you would like to copy or cut.

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

-

Select the target directory with the horizontal softkeys.
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Paste

Deleting/restoring programs
1.

PROGRAM
MANAGER

DEL

v
0K

Undo

Renaming programs

PROGRAM
MANAGER

Rename

0K

254

Press this softkey to paste the file from the clipboard to the current directory.

Select the program managementoperating area.

Open the desired directory.
Select the program file that you would like to delete.

Press this key, and the following message appears on the screen:

@ Do you want to delete the file selected?

Press this softkey to confirm the deletion.

If you wantto restore the last deleted file(s), press this softkey.

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.
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Viewing and executing recent programs

1. Select the program managementoperating area.
PROGRAM
MANAGER

2. Press this softkey to open the list of recent files. Note that even the deleted files are also
= Recent : : -
L displayedin the list.
4.2 files

3. Select the program file that you would like to execute.

s v*

4. Press this vertical softkey to start executing the selected program.

Execute
To clear the currentfile list, press this softkey.

Clear
history

A15 System data operating area

Softkey functions
G “Z"Q\ Pressing this key combination allows you to enter the system data operating area. This operating area
sl + [ne s 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 func-
tions selected, the horizontal and the vertical softkey bars vary. The screenshotbelow uses the turning
variantof the control system with PPU161.3 as an example.

Y. . 10:42:16
REF.POINT 2015/85/19
Machine configuration Set
Axis index MName Axis type Drive number password

1 Mx1 Linear axis @ Change
3 M21 Linear axis password
4 MSP1 Spindle @ Delete

password

@ Change
language

(A3 150 mode

Save
data @

o e

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

© 000

Sets the system date and time and adjusts the brightness of the screen
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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
Changes the 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.

Switches to the ISO programming mode

@O0

Saves the contents of the volatile memoryinto a non-volatile memory area

Note: Softkeys 3, ), and @ are visible only with the manufacturer password.

An extended horizontal softkey bar can be accessed via this key on the PPU. Two extended horizontal softkeys
> are provided:

Views the service information

I Serv.
displ.
Defines the maintenance planner
oy Serv.
planr.
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
nEF?iim 2015/085/19
Highest
Number Time Text arity

Stop
(6) (7) (5) update
Ejlgrm :H giear;ute
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Displays all alarms sorted by their priorities. The highest priority alarm is at the beginning ofthe list.

Displays the alarms sorted by the time of their occurrence. The mostrecent alarm stands at the beginning ofthe list.
Displays the 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.

Stops/starts updating of pending alarms

Views and manages the alarm log

CHONONONONCONS)

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.

A.2 Operating mode overview

A2 "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
5 Pressing this key in the machining operating area switches to "AUTO" mode.
AUTO
™ = 14:04:47
M, p%(’) 2015/05/18
NC:\MPF@ SlEMEN@G _
% Reset ROV function
MCS Position Dist-to-go TFS -
Auxiliary
MX1 0000 8.008 mm T 0 D@ function
MZ21 0.000 8.000 mm 0.000 %% (3) hixis

F
31

0.000 mm/rev feedrate

Current program :MPF@

Block display
M3em

Act. val.
REL

4 Simult
record

kel Zoom
-+~ Agtlal

Zoomsin 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

©@ 0600

Sets the frequently used setting data

Programming and Operating Manual (Turning)
6FC5398-5DP10-0BA6, 09/2017 257



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

© 6 0ea0

Switches over the coordinate system in the actual value window

An extended horizontal softkey bar can be accessed via this key on the PPU. The following extended horizontal
softkey is provided:

V

Assigns and activates the handwheel or contour handwheel. For more information, referto Section
Handwheel 'Assigningthe handwheelthroughthe MCP|(Page 24)" and Appendix 'Activating the contour
handwheel via the NC program|(Page 265)".

Parameters

MCS Position Dist-to—go

MX1 0.000 oo ™
M21 0.000 oo mm
® ® ®

G1 G506(0) G64
Block display Current program :MPF8
M3ef

@

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.

® 0 O

Displays seven subsequentblocks of the currently active part program. The display of one block is limited to the width
of the window.
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A22 "JOG"mode

Iy 08:49:53
M, 2615/05/27
NC:\MPF\1.MPF SIEMENS
% Reset ROU
MCS Position Rep.offset TF.S
MX1 0.000 0.000 mm T o D1
MZ21 0.000 LR 0.000 0% (5) i
F o oo mm/min~ feedrate
51 Efaﬁ 80%
&1 G500(8) G64
Act. val.
@ pg

Aet. val.
Lork(LCS)

Act. 1~
> | Mach@'lcsl

Bgrsm eyl @] Meas. | manyal it G

@ 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 262)".

dow, see Section 'Additional method for measuring the tool (Page 59)".

Opens the "Manual Machine Plus" user interface. This softkey is visible only if this software optionis pre-configured by
the machine manufacturer. Formore information aboutthis window, see the Manual Machine Plus (MM+), Turning
Manual.

@
® Opens the tool measurementwindow where you determine the tool offset data. For more information aboutthis win-
®@

Opens the settings window where you can set JOG feedrate and variable incrementvalues. For more information, see
Section "Setting the JOG data|(Page 263)".

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.

©E06e ©

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:

Iﬁ' :’ Value < five digits: displays the complete value
Ll AUTO

NC:\MPF®

ﬂ' 10808 Value > five digits: displays the first four digits plus"..
— alTo

NC:\MPF®
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Parameters in the "JOG" window

MCS Position Rep.offset T,FS

MX1 0.000 oo ™ T{

M21 0.000 00w ™
® ® ® |F

31

©

@ D1

0.000 70%
0.080 ® mm/min

0.0 80%
0.0 ©

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 sign is displayed.

@06 ©0

A221 Running the spindle manually

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 49)".

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.).

Note

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 speed
/

is selected via MD14512[19].4 as follows:

e 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 lasttime. In this case, if the spindle runs
for the first time after the control system powers on, then you mustspecify a spindle speedin

"MDA" mode orthe "T, S, M" window.

Operating sequence

1. Select the machining operating area.
M
| —
MACHINE
2. Switch to "JOG" mode.
WAAZ
VL
JOG

260
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Press this key on the MCP to rotate the spindle counter-clockwise.
TF,S

T1 D 1
F 0000 s

0.080 mm/min
-50.0 50%
Sr—:l -100.0

4. Press this key on the MCP to stop the spindle rotation.
. TF.S
T1 D 1
F 0000 s
0.680 mm/min
g1 00 50%
0.0
5. Press this key on the MCP to rotate the spindle clockwise.
. TF.S
T1 D 1
F 0000 s
0.0680 mm/min
S1 1599@% 50%
) .
&« 10. Use this softkey to return to the screen of the machining operating area.
Back
A222 Executing M functions
Note

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

Operating sequence

|

M

| S—
MACHINE

MWy
UL

JOG

B4 T5M

1.

2.

3.

Select the machining operating area.

Switch to "JOG" mode.

Open the "T, S, M" window.
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4. Press this key to move the cursor to the input field for M functions, and enter the desired
v value, for example, "8".

5. Press this key on the MCP to activate the coolantfunction. Now you can see the corre-
sponding status indicatoris on, which indicates the coolantsupply is switched on.

. 6. Press this key on the MCP to stop the coolantfunction.
<

4 7. Use this softkey to return to the main screen of the machining operating area.

Back

A223 Setting the relative coordinate system (REL)

Operating sequence

— 1. Select the machining operating area.
M
| S—
MACHINE
2- S H h n Al .
v witch to "JOG" mode
VL
JOG
2 Gat 3. Press this softkey to switch the display to the relative coordinate system.
20 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.
s oS
REL Position Rep.offset
X 2.340 o mm
7 -5.200 2000 mm
5. Use this key to activate the values after each entry.

INPUT

You can use the corresponding vertical softkeys to set the reference pointto zero.
Sets the X axisto zero

X=0

Sets the Z axis to zero
Z2=0

Sets the spindle to zero
Add. P
daxes

Sets all axesto zero
Al
to zero

Programming and Operating Manual (Turning)
262 6FC5398-5DP10-0BA6, 09/2017



A224 Setting the JOG data

Operating sequence

— 1. Select the machining operating area.
M,
MACHINE
2. : n " i
vy Switch to "JOG" mode
VL
JOG
3. Press this horizontal softkey to open the following window:
H set Setfngs
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.
»i>
INPUT
; 5. If necessary, press this vertical softkey to switch between the metricand inch dimension
Switch systems.
mm > inch
v Press this softkey to confirm yourchanges.
0K
Press this softkey to exit.
74 y
Cancel

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
- This window displays the auxiliary and M functions currently active. To close the window, press this

FIUXI|I_arU softkey once again.
function
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This softkey opens the file saving window where you can specify a name and a storage position for

Save 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.

Pressing this softkey deletes all the blocks displayed in the MDA window.

Delete

file

2 This softkey opens a window where you can select an existing program file from a system directory
E :’-iFEad to load into the MDA buffer.

For

the explanation of other softkeys in this mode, see Section "JOG" mode (Page 259)".

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 runs to 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 runsto the end in "MDA" mode, a new emptyline
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

unless you 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 newline
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 pressthe above
key:

— When a program exception occurs
—  When the program runs to MO/M1

— When you press the following key:
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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 handwheelin "AUTO" or "MDA"
mode. This section only introduces how to activate the contourhandwheel 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.

e The axes have been referenced. For more information abouthow to reference the axes, see Chapter 'Switching on and

referencing (Page 19)".

® 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)".

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 33)".

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 G68 G94 X208 246 Fi2ee1
X680 Fizefl

X200 2300 FD=0Y

Xe Zef

HSBﬂ

==eof==

Note:

e "FD" and"F" cannot appearin the 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

@)

MDA

Select the machining operating area.

Switch to "MDA" mode.
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T Load

& file

Traversing direction of axes

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 G680 G94 X206 248 Fizeef

X680 Fizef

X200 2300 FD=01

Xa Zof

M3e]]

==eof==

You can alternatively load an existing part program from a system directory by pressing this
softkey if desired and enter"G1" (or "G2"/"G3"), "G94", "G60" and "FD=0" 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 handwheelin "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 isreached, the program advances to the next block (response identical to G60).

® 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.

266
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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
W 10:31:11
N ot 2615/05/26
SIEMENS manual

Online Help

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.

Show

Search

(@:ess leveli@nufacturer ©

©) Calls the context-sensitive help for the current topic:
e Currentoperating window
e NC/V70alarmsselectedin the alarm specificoperation area
e Machine data or setting data selected
e V70 dataselected

Calls the machine manufacturer-developed PDF manual

® 0O

Displays all available help information:

e Siemenshelp manuals

e Machine manufacturer-developed help manuals, ifany
e All available NC/V70 alarms

e All available V70 parameters

¢ All available machine data or setting data

Softkeys in Window "®"

Go to Use this softkey to select cross references
topic 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

Continue Continues search for the next term that matches the search criteria

search
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Exit

Exits the help system

Softkeys in Window "@"

Zoomsin the currentview

Zoom +

Zooms out the current view
Zoom -
Zoom Zooms the current view to page width
width

Jumpsto the desired page
Go to

Searches for a term in the current topic
Search
Continue Continues search for the next term that matches the search criteria
search

Exits the help system
Exit

Keys for Window "®"

>

Expands hierarchical topics

Collapses hierarchical topics

Navigates upwards through the hierarchical topics

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
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A.5 Operation wizard

The operation wizard provides step-by-step guides on basic commissioning and operation procedures.

Operating sequence

1. Call the operation wizard through the following key operations:

=/ Operation
runction| — &ssistant

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
Create a part program
Simulate the program

2. Use the cursorkeys to selecta step of the machining operation.
oS v#
Start 3. Press this softkey to start the onboard assistant.
assistant
4. Press this softkey to enterthe next page.
Next
5. Press this softkey to enterthe previous page.
Previous
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.
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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

g

O Press this key to toggle between different inputmethods.

SELECT

Press the numerickeys (1 to 9) on the PPU to selectthe desired characters.
Example of editing simplified Chinese

WAl 4.
i 22113'51/13'2519
EFS b3l KN4 HEA  RhE e 7a8
&1 sroan Mnc n1n 5/g5/18  10:59:34
B2 HEIGHANER 15/05/18  11:34:24 31
R MPFEFEF 5=
EFR
.4
NC:\MPF Gl ]
ﬁ ~Bhe T 12 248 a4k 42 s 6 7iEL 8tk CHE o i _L‘(

Structure of editor

wGHE T 1.4 2480 3FiE 4.8 58] 6 758 83F  CHE . =16}

Input field

Available characters Active input method

Press the cursor key on the PPU to select
other characters
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A7 Calculating contour elements

Function

You can use the calculator to calculate the contour elementsin the respective inputfields.

Calculating a point in a circle

B 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 the rotation of the circle.
G2/G3

Press this softkey to switch between the diameter programming and radius programming.

)

4. Enter the circle center, the angle of the tangentand the circle radiusin the following win-
dow:
G2 CC ahscissa
CC ordinate
R
Angle A
CC Radius R

Diameter programming

v 5. 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 function is called from the
part program editor, the coordinates are saved with the axis names ofthe selected basic
plane.

Accept
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Example

Calculating the pointof intersection between the circle sector O and the straight line @ in plane G18:

* ®
R10 ~aco
915 ol A=-45
_®
! Z
147
Given:
® Radius:10

e Circle center pointCC: Z=147 X=183 (diameter programming)

® Connection angle for straight lines: -45°

CC abscissa 147
G2 R CC ordinate 183
Angle A -45

CC Radius R 10

Diameter programming

Result: Z=154.071,X=190.071

The result appears onthe input screen.

Calculating a pointin a plane

5 1. Activate the calculator when you position the cursor on the desired inputfield.
2. Open the lower-level menu for contour elements selection.
Maore
3. Select the desired calculation function.

\s;i_
)

Press this softkey to switch between the diameter programming and radius programming.
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4. Enter the following coordinates or anglesin the respective inputfields:
e Coordinates ofthe given point (PP)
e Slope angle of the straight line (A1)
e Distance of the new pointwith reference to PP
¢ Slope angle of the connecting straightline (A2) with reference to A1

5. 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 function is called from the
part program editor, the coordinates are saved with the axis names ofthe selected basic
plane.

Accept

Calculating the Cartesian coordinates

3 1. Activate the calculator when you position the cursor on the desired inputfield.
2. Open the lower-level menu for contour elements selection.
More
3. Select the desired calculation function.
é This function converts the given polar coordinates into Cartesian coordinates.

Press this softkey to switch between the diameter programming and radius programming.

)

4. Enter the reference point, the vector length and the slope angle in the respective input
fields.
5. Press this softkey to calculate the Cartesian coordinates.

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.

Accept

Calculating the end point

& 1. Activate the calculator when you position the cursor on the desired inputfield.
2. Open the lower-level menu for contour elements selection.
More
| 3. Select the desired calculation function.
Q 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 switch between the diameter programming and radius programming.

Press this softkey to define the given end point when the ordinate value is given.
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b
{,/\k

v
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 straight line.

Enter the PP coordinates, angle A, EP abscissa/ordinate,and L length in the respective
inputfields. The following values of the straightline are known:

Straightline 1: Starting pointand slope angle
Straight line 2: Length and one end pointin 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 sectors of the straightlines.

M K

260

ok ()
Py 7
3,
O s
N
\.
& 1
ip]
- - - % _(TY)
20.00

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 point, and the circle radius as

the length.
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PP abscissa -28

PP ordinate 35

PP A PP angle A 153.44
L\ EP ordinates 60
EP L length 11

Diameter programming

Result: Z=-19.499,X = 60

A8 F ree contour programming

Fun ctionality

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 can link together contour elements and transfer to the edited part program.

Technology

The contour calculator for turning technology provides the following functions for this purpose:

e Toggling between radius/diameter programming (DIAMON, DIAMOF, DIAM90)

® Chamfer/rounding atthe start and end of the contour

® Undercuts as transition elements between two axially parallel straightlines, where one runs horizontally and the other
vertically (Form E, Form F, thread undercutaccording to DIN, general undercut)

Contour editor

Proceed through the following stepsto open the contour editor window:

1. Select the program managementoperating area.

PROGRAM
MANAGER

[NC] ne

Press this softkey to enterthe system directory for storing part programs.

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.
=== Cont.
5. Initially, you define a contour starting point (see Section 'Defining a start point(Page 277)").
6. The contouris then programmed step by step (see Section 'Programming example for turn-

ing application (Page 287)").
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Recompile

When the program edited in the contour editor is 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
=—— tomp. 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.
Softkey functions
M 15:38:43
ot 2015/05/18
N:AMPF\TEST_T.MPF Start point
& I
END
= Alter-
48.68 | i . @ native
Spec. for facing axis:
Diameter (DIAMON) 0
20,68
| Start point:
a.08 ia X 6.806 ahs
2 0.080 abs (6) Pole
~98-
.68
Transit. cont. start
CHR © 0.000
—481 (1] 96° 8}
o z Free text input: @ Canc
"-oghe  B6f8 ' 288 T

®© ® @006

Q ®

276

Accept
elemen

An elementwas selected using the cursor keys. This softkey enlarges the image section ofthe selected element.
Zooms the graphicin/out/automatically

When you select this softkey, you can move the red cross-hair with the cursor keys and choose a picture detail to
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
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 editorand returns to the program editor window, withouttransferring the last edited values to the
main program

Saves the settings for the start point
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A.8.1 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
2. Press this softkey to enter the system directory for storing part programs.
NC
3. Select the desired program file, and press this key to openitin the program editor.
»O
INPUT
a 4. Press this softkey to open the contour editor window.
= Cont.
5. Use the cursorkeys on the PPU to switch between different inputfields.
A-# v@i&
6. Press this softkey to toggle between the selections and enter the desired values as re-
Egﬁ;; quired.

You can alternatively press this key to make your selection.

O

SELECT

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.

7. Save the settings for the start point.
Accept
element
e Pressing this softkey cancels the settings and exits the contour editor.
Cancel
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A.8.2 Programming contour element

Functionality
A Once you have defined the contour start point, press this softkey and you can begin programming
ccept the individual contour elements from the main screen shown below:
element
oy 15:39:11
ot 2615/05/18
N:\MPF\TEST_T.MPF Start point
= Kk
END
T 40.88 @
Spec. for facing axis:
Diameter (DIAMON) é) ——
28.98 7
" A
|}
| + Start point: @ A
.00 X 8.000 ahs -
2 0.000 abs @ £ )
—28 M
.0a ore
Transit. cont. start @
CHR O 0.600
-8 o 95° [0
o Z Free text input: ® Canc
I T T T T

Opens the window for programming a vertical straightline (in X direction)

Opens the window for programming a horizontal straightline (in Z direction)

coordinates oran angle.

@
@
® Opens the window for programming an oblique line in the X/Z direction. The end point of the line is entered using
® Opens the window for programming a circular arc with any direction of rotation

®

Opens the lower-level menu for more programming options:
e Specifiesa pole
e Closesthe 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 contourelementhas a tangential transition to

Iangent- the preceding element, i.e. the angle to the preceding element (a2) is setto 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
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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).
v Confirm your choice with this softkey.
Accept

Changing a selected dialog

If you wantto change an existing dialog selection, you must selectthe contour elementin which the

Chla“%_e dialog was originally chosen. Both alternatives are displayed again when you select this softkey.
Selection

Clearing a parameter input field

You can delete the value in the selected parameterinputfield with this softkey or the following key:

Delete
value

DEL

Saving a contour element

If you have entered the available data for a contourelementor selected a desired dialog, pressing
Accept this softkey allows you to store the contour elementand return to the main screen. You can then
element program the next contour element.

Appending 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 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.

INPUT

If the contourelementcan be represented geometrically, itis highlighted accordingly in the graphic
display area, i.e. the colorof the contour elementchanges from white to black.

Modifying 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
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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 contour element

Delete
element

Closing the contour

Close
contour
Undoing aninput

X

Cancel

Contour symbol colors

Use the cursorkeys to selectthe elementyou wish to delete. The selected contour symbol and
associated contour elementin the programming graphic are highlighted in red. Then press this
softkey and confirm the query.

By pressing this softkey, you can close the contour from the actual position with a straightline to
the starting point.

By selecting this softkey you can return to the main screen without transferring the lastedited val-
ues to the system.

The meaning ofthe symbol colors in the contour chain on the left of the main screen is as follows:

lcon

Signiﬁcance

Selected

Symbol colorblack on a red background - Elementis defined geometrically
Symbol colorblackon 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

280
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A8.3 Parameters for contour elements

Parameters for programming straight lines

Bl 15:39:47
ot 2015/05/18
N:AMPF\TEST_T.MPF Straight line, vertical
X

Alter-
native

48.88 |
— @)x ahs O

20.56

mEog Trans. to next element;
(Z) CHR [0 0.000
-28 input:
8 Free text input:
G
—gg’ Contour allowance:
: > @ 0.800 Right O
"—oabe " @de ' 2888 J

Accept
End point X element

Absolute (abs)/incremental (inc) end position in X or Z direction

CNC)

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.

®@ ©6 ©

The graphics window which displays the progress of the contour as you configure the parameters for the contour ele-

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 X axis
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Parameters for programming circular arcs

S 15:40:03
ot 2015/05/18
N:\MPF\TEST_T.MPF Circular arc
ﬁ X Dir.of rot.: O .
|| -
pup 1880
@ 3 X ahs
20,88 Z abs
@ @ | ahs
K b
8.89 JF as

Trans. to next element:
CHR O 0.6008
-8
.Ba .
Free text input:

-487 —
. 2 Contour allowance: Cancel
"-oabe T a0 2888 T 6.000 Rght [0

Accept

element
Follower Auto Zoom Zoom H
element zoom + - ... -+ ® Info

(@ Directionof rotation of the circulararc: clockwise or counter-clockwise

@ Radiusofcircle

(® Absolute (abs)/incremental (inc) end positionsin X and Z directions

® Absolute (abs)/incremental (inc) positions of circle center pointin X () and Z (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 X axis

a2 Angle to preceding element; tangential transition: a2=0

B1 End angle with reference to X axis

B2 Angle of aperture of circle

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.

You can access the undercuttransition element(see Section 'Undercuts for turning technology (Page 284)") with the
following softkey:

Alter-
native
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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.

A chamferor 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 chamfer and
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 elementforthe
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 ofa 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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A84 Undercuts for turing technology

Supplementary conditions

The form E and F undercutand form DIN 76 and general thread undercutfunctions are only activated when the turning
technologyis enabled.

Form E and F undercuts as well as thread undercuts are available only iflevel G18 is set. Undercuts are permitted only on
contour edges of the rotational body, which run in the direction of the longitudinal axis (usually parallel to the Z axis). The
longitudinal axisis identified by the machine data.

The machine data MD 20100 $MC_DIAMETER_AX_DEF for turning machines contains the name of the transverse axis
(usually X). The other axis in G18 is the longitudinal axis (usually Z). If MD 20100 $MC_DIAMETER_AX_DEF does not
containa name orcontains a name thatdoes not conform to G18, there are no undercuts.

Undercuts only appearon corners between horizontal and vertical straight lines, including any straightlines, which are at 0°,
90°,180° or 270°. A tolerance of £3° is required here, so that conical threads are also possible (these undercuts do not meet
the standardin this case).

Selecting an undercut form

When you choose the transition elementin the contour programming window, you can use the following softkey to select an
undercutas a transition element:

Alter-
native

You can subsequently define the undercutform by toggling between the selectionsin the corresponding inputfields.

Undercut o
Form F 0
RxT 8.1 x 8.1 0

In the case of standard thread undercuts, the characteristic size of the thread pitch is P. The depth, length and transition
radius of the undercutare calculated according to the DIN standard. The (metric) thread pitches specifiedin DIN 76 can be
used. The entry angle can be freely selected in the 30°-90° range. If the diameteris known when selecting the undercut, an
appropriate thread pitch is suggested. Forms DIN 76 A (external control) and DIN 76 C (internal control) are available. The
program detects the two forms automatically using theirgeometry and topology.

Based on the thread undercut according to DIN, you can use the general undercuttype to create specific undercuts, e.g. for
inch threads.

A.8.5 Specifying contour elements in polar coordinates

Functionality

The description given above of defining the coordinates of contour elements applies to the specification of positional datain
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 firsttime.
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 coordinatesinto
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/
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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 contour with a radius or chamfer,
the radius or chamfer mustbe specified explicitly as follows:

e Close contour, enterradius/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 pole is 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 C(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 ofoblique lines and circular arcs.

A toggle field is not displayed ifno pole exists. Input fields and display fields are then only available for Cartesian values.

Absolutefincremental input

Absolute and incremental polar coordinates can be inputfor "polar/Cartesian". The inputfields and display fields are labeled
incandabs.

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 plus the length incrementthatwas entered.

The incrementcan be positive or negative.

The absolute angle is calculated accordingly using the absolute polar angle ofthe preceding elementplus the angular
increment. Here itis not necessary for the preceding elementto have been entered as polar.

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 anotherpole if a pole has beeninsertedin the meantime.
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Pole change example

AX
10
Polar coordinates predecessor
ref. to Pole 1:
L1=3.6603. ¢ =0
|
Pole 1 Predecessor
5
\:\ °
Polar coordinates referring to
pole 0 (input)
|
|
| z
|
Pole 0 5 | 8.6603 10
Pole: Zpole = 0.0, Xpole=0.0, (Pole 0)
End point:
L1abs=10.0 ¢dabs =30.0° Calculated Cart. Coordinates
Zabs = 8.6603 Xabs =5.0
New pole:
Zpole1=5.0 Xpole1=5.0 (Pole 1)
Calculated polar coord. Predecessor
L1abs=3.6603 ¢dabs =0.0°
Next point:
L1inc=-2.0 ¢dinc =45.0°
Absolute polar coordinates for current element
L1abs=1.6603 ¢dabs = 45.0°
Calculate Cartesian coordinates
Zabs =1.1740 Xabs =1.1740
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A.8.6 Cycle support

Functionality

The following technologies are provided with additional supportin the form of pre-defined cycles, which then mustbe
parameterized.

® Drilling
® Turning

For more information, see Chapter 'Cycles (Page 153)".

A8.7 Programming example forturning application

Example 1

The following diagram shows a programming example for the "Free contour programming" function.

L - == .
h N
\
\
0 . =
'e] ~
o - - - - - N
\O\
3 o]
S A
14
al_,
N4 7
20 40 8 30 20 5
Operating sequence:
1. Select the program managementoperating area.
PROGRAM
MANAGER
Enter the system program directory.
Ne
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.
m=: Cont.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Define a start pointwith the following parameters and press this softkey to confirm.
e Programming mode: DIAMOF

o Z0

e X:0

Press this softkey to selecta contour elementofstraight vertical line.

Enter the parameters for this elementand press this softkey to confirm.
e X:20inc.
¢ CHR:5*1.1223=5.6115

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
o Z: -25inc.

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to confirm.
e X:10inc.
e Z: -30inc.

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e Z:-8inc.
e RND:2

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: counter-clockwise

¢ R:20
e X:20inc
e Z:-20inc

Press this softkey to confirm.

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e Z: -20inc.
e RND:2
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19. Press this softkey to selecta contour elementofstraight vertical line.

*
[ ]
+
e 20. Enter the parameters for this elementand press this softkey to confirm.
element * X Sinc.
21. Press this softkey to selecta contour elementofstraight horizontal line.
)
ﬂl::l::Ept 22. Enter the parameters for this elementand press this softkey to confirm.
element o Z:-25inc.
23. Press this softkey to access more options.
More
24. Press this softkey to close the contour.
Close
contour

Now you can see the programmed contourin the graphics window:

Y 15:52:06
Tt 2015/065/18

N:AMPF\TEST_T.MPF Straight line, horizontal Delete

_$_ element
&+ X
£l
£ z 9.600 ahs O
o 1807
E
—
2 +
P
L Trans. to next element:
el CHR © 0.000
4
— Free text input:
BN
Contour allowance:
o z ©.800 Right [O
ga 158 | 18 " -sabe T phe
68 ] v
Accept
Follower Auto Zoom Zoom H
element zoom + - " + ® Infa
Example 2
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
- editor.
INPUT
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Press this softkey to open the contour editor.

Define a start pointwith the following parameters and press this softkey to confirm.
e Programming mode: DIAMON

e Z0

e X0

Press this softkey to selecta contour elementofstraight vertical line.

Enter the parameters for this elementand press this softkey to confirm.

e X:48abs.
e CHR:3

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e RND:4

Press this softkey to selecta contour elementofcirculararc.

Enter the parameters for this elementand press this softkey to select the desired contour
characteristics.

e R:23
e X:60abs.
e Z:-20 abs.

Press this softkey to confirm.

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
o Z:-75abs.
e RND:6

Press this softkey to selecta contour elementofstraight line in any direction.

Enter the parameters for this elementand press this softkey to confirm.
o X:90abs.

e Z:-80abs.

e RND:4

Press this softkey to selecta contour elementofstraight horizontal line.

Enter the parameters for this elementand press this softkey to confirm.
e Z:-100abs.
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19. Press this softkey to selecta contour elementofstraight vertical line.

*
[ ]
+
20. Enter the parameters for this elementand press this softkey to confirm.
Accept X 92ab
element * /- 9eabs
e CHR:3

Now you can see the programmed contourin the graphics window:

m 16:07:39
ot 2015/05/18
N:\MPF\TEST_T.MPF Straight line, vertical Delete
- element

X 92.000 abhs O

56.88 +

AL

= 1 [t 7| Ot

Trans. to next element:
CHR © 3.800

m
=
=

8.88 7

Free text input:

Contour allowance:
©.000 Right |O Cancel

2
-138 " -198 " -188 -ge.be "-Gabe
B0 A0 ____ .8

Accept

Auto Zoom Zoom
zoom +

Follower
element

':' + @ Infa

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:

e address character: generally a letter

® 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 AddressI 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
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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 294)".
Example: SCALE ; Enable scaling factor

Extended address

With the following addresses, the addressis extended by 1 to 4 digits to obtain a highernumber 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

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,ST U VWXY,Z
0,1,2,3,4,5,6,7,8,9
No distinction is made between lowercase and uppercase letters.

Printable special characters

( Open parenthesis " Inverted commas
) Close parenthesis _ Underscore (belongsto letters)
[ 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 notuse

~

skip $ System variable identifiers
?

*

Multiplication Reserved;do not use
+ 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
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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 "L¢" (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 LF

Space Space Space

(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; e
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

Word order

If there are several instructionsin 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 succession using" /".

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 blockin 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 without message text cancels a previous message.

MSG ("THIS IS THE MESSAGE TEXT")
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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

N60 GO G90 X100 2200

N70 Gl 7z185.6

N80 X112

/N90 X118 Z180 ; Block can be suppressed
N100 X118 z120

N110 GO G90 X200

N120 M2 ; End of program

;Main block

A.12 List of instructions

The functions below marked with an asterisk (*) are active at the start of the program in the turning variant of the control
system, unless otherwise programmed or the machine manufacturer has preserved the default setting for the "turning"
technology.

Address Significance Value assign- Information Programming
ments
D Tool offset number 0.. 9, onlyinte- | Containscompensationdatafor |D...
ger, no sign a particulartool T... ; DOindi-
cates no compensation for the
tool, one tool activates 1~9 num-
bers, thatis, one tool carries at
mostnine different compensa-
tion data at the sametime.
F Feedrate 0.001 ... 99 Path velocity of a tool/workpiece; | F...
999.999 unit: mm/min ormm/revolution
depending on G94 or G95
F Dwelltime (block with ] 0.001... 99 Dwelltime in seconds G4 F...; separate block
G4) 999.999
F Thread lead change 0.001... 99 in mm/rev2 See G34, G35
(block containing G34, |999.999
G35)
G G function Only integer, The G functions are divided into | G...
(preparatory function) [ specifiedvalues |G groups.Only one G function of | or symbolicname, e.g.:
a group can be programmedina | CIP
block.
A G function can be either modal
(untilit is canceled by another
function of the same group) or
only effective for the blockin
whichitis programmed (non-
modal).
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Address Significance Value assign- Information Programming

ments

G group:

GO Linearinterpolation atrapid traverse rate 1: Motion commands (type of GO X... Z...

G1* Linearinterpolation atfeedrate interpolation), modally effective (G x.z. F..

G2 Circularinterpolation clockwise G2 X... Z... l... K.. F...
;End pointand center
point
G2 X... Z..CR=... F...
;Radius and end point
G2 AR=.. .. K.. F...
;opening angle and center
point
G2 AR=... X... Z... F...
;opening angle and end
point

G3 Circularinterpolation counter-clockwise G3...; others, as with G2

CIP Circularinterpolation through intermediate CIPX... Z... 1=... K1=...

point F... ;l1, K1 is intermediate
point

CT Circularinterpolation; tangential transition N10...

N20CT Z... X... F...
;circle, tangential transi-
tion to the previous path
segmentN10

G33 Thread cutting with constantlead ;Constant lead
G33Z.. K... SF=...
;eylindrical thread
G33 X... |... SF=... ;face
thread
G33Z.. X...K... SF=...
;taper thread, in Z axis
path largerthanin the X
axis
G33Z.. X... l... SF=...
;taper thread, in X axis
path largerthanin the Z
axis

G34 Thread cutting, increasing lead G33Z... K... SF=...
;eylindrical thread, con-
stantlead
G34Z.. K. F17.123;
lead increasing with
:17.123 mm/rev2

G35 Thread cutting, decreasing lead G33 Z... K... SF=...

;cylindrical lead

G35Z... K... F7.321 ;lead
decreasing with ;7.321
mm/rev2
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Address Significance Value assign- Information Programming
ments

G331 Thread interpolation N10 SPOS=... ; Spindlein
position control

N20 G331 Z... K... S...
;tapping withoutcompen-
sating chuck e.g. in Z axis
;RH or LH thread is de-
fined via the sign of the
lead (e.g. K+):

+: as with M3

- :as with M4

G332 Thread interpolation - retraction G332 Z... K... ;tapping
withoutcompensating
chuck, e.g. in Z axis,
retraction motion

; sign of lead as for G331

G4 Dwelltime 2: Special motions, dwelltime, G4 F...;separate block, F:
non-modal Time in seconds

or

G4 S.... ;separate block,
S: inspindle revolutions

G74 Reference pointapproach G74 X=0 Z=0 ;separate
block,
(machine axis identifier!)

G75 Fixed pointapproach G75 X=0 Z=0 ;separate
block,
(machine axis identifier!)

TRANS Translation, programmable 3: Write memory, non-modal TRANS X... Z... ;separate
block

SCALE Programmable scaling factor SCALE X... Z... ; scaling
factor in the direction of
the specified axis, sepa-
rate block

ROT Rotation, programmable ROT RPL=... yrotation in
the current plane G17 to
G19, separate block

MIRROR Programmable mirroring MIRROR XO ; mirrorthe
coordinate axis, separate
block

ATRANS Additive translation, programming ATRANS X... Z... ; sepa-
rate block

ASCALE Additive programmable scaling factor ASCALE X... Z... ; scaling
factor in the direction of
the specified axis, sepa-
rate block

AROT Additive programmable rotation AROT RPL=... ; rotation

in the currentplane G17
to G19, separate block

AMIRROR Additive programmable mirroring AMIRROR XO ;mirrorthe
coordinate axis, separate
block

G17 X/Y plane (when center-drilling, 6: Plane selection
TRANSMIT milling required))

G18~* Z/X plane (standard turning)
G19 Y/Z plane
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Address Significance Value assign- Information Programming
ments
G40~ Tool radius compensation OFF 7: Tool radius compensation,
G41 Tool radius compensation; along the mov- | Modally effective
ing direction of the tool, always left of con-
tour
G42 Tool radius compensation;along the mov-
ing direction of the tool, always right of
contour
G500 * Settable work offset OFF 8: Settable work offset, modally
G54 1. Settable work offset 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 Settable work offset OFF, non-modal 9: Suppressing the settable work
G153 Settable work offset OFF, non-modal,in- | Offset, non-modal
cluding base frame
G60 * Exact stop 10: Approach behavior, modally
G64 Continuous-path mode effective
G62 Cornerdeceleration atinside cornerswhen | Only in conjunction with continu- | G62 Z... G1
tool radius offset is active (G41, G42) ous-path mode
G9 Non-modal exactstop 11: Non-modal exactstop, non-
modal
G601 * Exact stop window, fine, with G60, G9 12: Exact stop window, modally
G602 Exact stop window, coarse, with G60, G9 | effective
G621 Cornerdeceleration atall corners Only in conjunction with continu- | G621 AIDS=...
ous-path mode
G70 Inch dimension input 13: Inch/metricdimension data,
G71* Metric dimension data input modally effective
G700 Inch dimension data input; also for feedrate
F
G710 Metric dimension data input; also for
feedrate F
G9a0 * Absolute dimension data input 14: Absolute/incremental dimen-
G91 Incremental dimension input sion, modally effective
G94 Feed Fin mm/min 15: Feedrate/spindle, modally
G95 * Feedrate F in mm/spindle revolutions effective
G96 Constantcutting rate ON G96 S... LIMS=...
(F inmm/rev.,S in m/min)
Go7 Constantcutting speed OFF
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, modally
SOFT Jerk-limited path acceleration effective
FFWOF * Feedforward control OFF 24: Feedforward control, modally
FFWON Feedforward control ON effective
DIAMOF Radius dimensioning 29: Dimension radius/diameter,
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Address Significance Value assign- Information Programming
ments
DIAMON * Diameter dimensioning 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 significance defined by the ma-
HO= (8 decimal places) | chine manufacturer e.g.. H7=23.456
to or specified as an
H9999= exponent:
+(10-300...
10+300)
| Interpolation parame- | +0.001 ... 99 Belongsto the X axis; meaning | See G2, G3 and G33,
ters 999.999 dependenton G2,G3 ->circle G34, G35
Thread: center or G33, G34, G35 G331,
0.001... 2000.000| G332 -> thread lead
K Interpolation parame- | +0.001 ... 99 Belongsto the Z axis; others, as | See G2, G3 and G33,
ters 999.999 with | G34,G35
Thread:
0.001... 2000.000
1= Intermediate pointfor | +£0.001 ... 99 Belongs to the X axis; specifica- | See CIP
circularinterpolation 999.999 tion for circularinterpolation with
CIP
K1= Intermediate pointfor | +0.001 ... 99 Belongsto the Z axis; specifica- | See CIP
circularinterpolation 999.999 tion for circularinterpolation with
CIP
L Subroutine;nameand |7 decimals; Instead of a free name,itisalso [L.... ;separate block
call integeronly, no possible to selectL1
sign ...L9999999;
this also calls the subroutine
(UP) in a separate block,
Please note: L0001 is not always
equalto L1.
The name "LL6"is reserved for
the tool change subroutine.
M Additional function 0..99 For example, for initiating switch- | M...
onlyinteger, no ing actions, such as "coolant
sign ON", maximum five M functions
per block.
MO Programmed stop The machining is stopped atthe
end of a block containing MO; to
continue, press the following
key:
M1 Optional stop As with MO, but the stop is only
performed ifa special signal
(Program control:"M01") is pre-
sent.
M2 End of main program with return to begin- | Canbe foundin the last block of
ning of program the processing sequence
M30 End of program (as M2) Canbe foundin the last block of

the processing sequence
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Address Significance Value assign- Information Programming
ments
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
Mn=3 CW rotation of spindle n=1 M1=3 ; CW rotation stop
for spindle 1
Mn=4 CCW rotation of spindle (for spindle n) n=1 M1=4 ; CCW rotation stop
for spindle 1
Mn=5 Spindle stop (for spindle n) n=1 M1=5 ; Spindle stop for
spindle 1
M6 Tool change Only if activated with M6 via the
machine control panel; other-
wise, change directlyusingthe T
command
M40 Automatic gear stage switching
Mn=40 Automatic gear stage switching (for spindle | n =1 M1=40 ; automaticgear
n) stage; for spindle 1
M41 to M45 Gear stage 1 to gearstage 5
Mn=41to Gear stage 1 to gearstage 5 (for spindlen) | n=1 M1=41; 1st gear stage for
Mn=45 spindle 1
M19 Spindle positioned at0 degree
M70 Spindle switched to the axismode
M... Remaining M functions Functionality is not defined by
the control system and can
therefore be used freely by the
machine manufacturer
N Block number - sub- 0 ... 99999999 Can be used to identify blocks N20
block onlyinteger, no with a number;is written at the
sign beginning ofa block.
Block numberofa 0 ... 99999999 Special blockidentification, used | :20
main block onlyinteger, no instead of N... ; such a block
sign should contain all instructions for
a complete subsequentmachin-
ing step.
P Numberofsubroutine |1 ... 9999 Is used if the subroutineis run L781 P... ;separate block
passes onlyinteger, no severaltimes and is contained in
sign the same block as the call N10L871P3 ; three cy-
cles
RO Arithmetic parameters |+ 0.0000001 ... R1=7.9431 R2=4
to 99999999
R299 (8 decimal places)
or specified as an with specification ofan
exponent: exponent:
+(10-300.... R1=-1.9876EX9; R1=-1
10+300) 987 600 000
Arithmeticfunctions In addition to the 4 basic arith-
metic functions using the oper-
ands + - */, there are the
following arithmetic functions:
SIN() Sine Degrees R1=SIN(17.35)
COS() Cosine Degrees R2=COS(R3)
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Address Significance Value assign- Information Programming
ments
TAN() Tangent Degrees R4=TAN(RS5)
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 vector is R40=ATAN2(30.5,80.1);
calculated from 2 vectors stand- [ R40: 20.8455 degrees
ing vertically one on another.
The 2nd vector specified is al-
ways used for angle reference.
Resultin the range:-180 to +180
degrees
SQRT() Squareroot R6=SQRT(R7)
POT() Square R12=POT(R13)
ABS() Absolute value R8=ABS(R9)
TRUNC() Truncate to integer R10=TRUNC(R2)
LN() Natural logarithm R12=LN(R9)
EXP() Exponential function R13=EXP(R1)
RET Subroutine end Used instead of M2 - to maintain | RET ;separate block
the continuous-path mode
S.. Spindle speed 0.001 ... 99 Unit of measurementofthe S..
999.999 spindler.p.m.
S1= Spindle speed 0.001... 99 Unit of measurementofthe S1=725; speed 725
for spindle 1 999.999 spindler.p.m. r.p.m. for spindle 1
S Cutting rate 0.001... 99 Cutting rate unit m/min with G96; | G96
with G96 active 999.999 for spindle only S..
S Dwelltime 0.001... 99 Dwelltime in spindle revolutions [ G4 S... ;separate block
in block with G4 999.999
T Tool number 1..32000 The tool change can be per- T..
onlyinteger, no formed eitherdirectlyusingthe T
sign command oronly with M6. This
can be set in the machine data.
X Axis +0.001 ... 99 Positional data X...
999.999
Y Axis +0.001... 99 Positional data Y.
999.999
z Axis +0.001... 99 Positional data Z..
999.999
AC Absolute coordinate - The dimension can be specified | N10G91 X10 Z=AC(20)
for the end or center pointofa ;X -incremental dimen-
certain axis, irrespective of G91. | sion,
Z - absolute dimension
ACClaxis] Percentage accelera- |1 ... 200, integer | Accelerationoverride foran axis [ N10 ACC[X]=80 ;for the X
tion override or spindle; specified as a per- axis 80%
centage N20 ACCI[S]=50;for the
spindle: 50%
ACP Absolute coordinate; - It is also possible to specify the | N10 A=ACP(45.3)

approach positionin
the positive direction
(for rotary axis, spin-
dle)

dimensions forthe end pointof a
rotary axis with ACP(...) irrespec-
tive of G90/G91; also appliesto
spindle positioning

;approach absolute posi-
tion of the A axis in

the positive direction
N20 SPOS=ACP(33.1)
;position spindle
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ACN Absolute coordinate; - It is also possible to specify the | N10 A=ACN(45.3)
approach positionin dimensionsforthe end pointof a | ;approach absolute posi-
the negative direction rotary axis with ACN(...) irre- tion of the A axis in
(for rotary axis, spin- spective of G90/G91; also ap- the negative direction
dle) plies to spindle positioning N20 SPOS=ACN(33.1)
;position spindle
ANG Angle for the specifica- | £0.00001 ... Specified in degrees; N10G1 X... Z....
tion of a straightline 359.99999 one possibility of specifying a N11 X... ANG=...
for the contour defini- straight line when using GO or or contour over several
tion G1 if onlyone end-pointcoordi- | blocks:
nate of the planeis known N10G1 X... Z...
or N11ANG=...
if the complete end pointis N12X... Z... ANG=...
known with contourranging over
several blocks
AR Aperture angle for 0.00001 ... Specified in degrees; one possi- | See G2, G3
circularinterpolation 359.99999 bility of defining the circle when
using G2/G3
CALL Indirect cycle call - Special form of the cycle call; no | N10 CALL VARNAME ;
parametertransfer;the name of |variable name
the cycle is stored in a variable;
onlyintended for cycle-internal
use
CHF Chamfer; 0.001... 99 Inserts a chamfer of the speci- N10X... Z.... CHF=...
general use 999.999 fied chamferlength betweentwo |N11X... Z...
contour blocks
CHR Chamfer; 0.001... 99 Inserts a chamfer of the speci- N10X... Z.... CHR=...
in the contour definition | 999.999 fied leg length between two N11X... Z...
contour blocks
CR Radius for circular 0.010... 99 One possibility of defining a See G2, G3
interpolation 999.999 circle when using G2/G3
Negative sign - for
selecting the
circle: greater
than semicircle
CYCLE... Machining cycle Only specified The call of the machining cycles
values requires a separate block; the
appropriate transfer parameters
mustbe loaded with values.
Special cycle calls are also pos-
sible with an additional MCALL
or CALL.
CYCLES81 Drilling, centering N5 RTP=110 RFP=100
.... ; Assign with values
N10 CYCLE81(RTP,
RFP, ...); separate part
program block
CYCLES82 Drilling, counterboring N5 RTP=110 RFP=100
.. ;assign with values
N10 CYCLE82(RTP,
RFP, ...) ;separate block
CYCLES3 Deep-hole drilling N10CYCLE83(110, 100,

...) ;or transfer values
directly, separate block
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CYCLE84 Rigid tapping N10CYCLES84(...)
;separate block
CYCLES840 Tapping with compensating chuck N10CYCLES840(...)
;separate block
CYCLES85 Reaming 1 N10 CYCLES5(...)
;separate block
CYCLES86 Boring N10 CYCLES6(...)
;separate block
CYCLE92 Cut-off N10 CYCLE92(...)
;separate block
CYCLE93 Recess N10CYCLE93(...)
;separate block
CYCLEY9%4 UndercutDIN76 (forms E and F), finishing N10CYCLE94(...)
;separate block
CYCLE95 Stock removal with relief cutting N10 CYCLE95(...)
;separate block
CYCLE96 Thread undercut N10 CYCLE96(...); sepa-
rate part program block
CYCLE98 Side-by-side thread mounting N10 CYCLE98(...); sepa-
rate part program block
CYCLE99 Thread cutting N10CYCLE99(...)
;separate block
DC Absolute coordinate; - It is also possible to specify the | N10 A=DC(45.3)
approach position dimensions forthe end pointof a | ;Approach absolute posi-
directly(forrotary axis, rotary axis with DC(...) irrespec- | tion of the A axis directly
spindle) tive of G90/G91; also appliesto [ N20 SPOS=DC(33.1);
spindle positioning Position spindle
DEF Definition instruction Defining alocal user variable of | DEF INT VARI1=24,
the type BOOL, CHAR, INT, VARI2 ; 2 variables ofthe
REAL, directly at the beginning | type INT ; name defined
of the program by user
DITS Run-in path -1..<0, Starting with configured axis N10 G33 Z50 K5 DITS=4
with thread G33 0, acceleration;
>0 starting with sudden accelera-
tion;
run-in path specified, if neces-
sary with axis overload
DITE Run-outpath -1..<0, Braking with configured axis N10 G33 Z50 K5 DITE=4
with thread G33 0, acceleration.
>0 Braking with sudden accelera-
tion,
specification of run-out path, with
rounding
FRC Non-modal feedrate for | 0, >0 When FRC=0, feedrate F will act | For the unit, see F and
chamfer/rounding G94, G95;
for chamfer/rounding, see
CHF, CHR, RND
FRCM Modal feedrate for 0,>0 When FRCM=0, feedrate F will | For the unit, see F and
chamfer/rounding act G94, G95;
for rounding/modal round-
ing, see RND, RNDM
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GOTOB GoBack instruction - A GoTo operationis performed |N10LABEL1: ...
to a block marked by a label; the | ...
jump destinationisin the direc- |N100GOTOB LABEL1
tion of the program start.
GOTOF GoForward instruction |- A GoTo operationis performed |N10GOTOF LABEL2
to a block marked by a label; the | ...
jump destinationisinthe direc- |N130LABEL2: ...
tion of the end of the program.

IC Coordinate specified The dimension can be specified | N10G90 X10 Z=IC(20) ;Z
using incremental for the end or center point ofa -incremental dimension,
dimensions certain axis irrespective of G90. X - absolute dimension

IF Jump condition - If the jump condition is fulfilled, N10IF R1>5 GOTOF

the GoTo operation to the block | LABEL3
with the following /abel is per-
formed;, otherwise, the next N80 LABEL3: ...
instruction/block will follow. In

one block,

several IF instructions are possi-

ble.

Relational operators:

== equal, <> not equal

> greater than, < less than

>= greater than or equal to

<= less than or equal to

LIMS Upperlimitspeed of 0.001... 99 Limitsthe spindle speed with the | See G96
the spindle with G96, 999.999 G96 function enabled - constant
G97 cutting rate and G97

MEAS Measurementwith +1 =+1: Measuring input1, rising N10 MEAS=-1 G1 X... Z...
deletion of distance-to- | _4 edge F..
go =-1: Measuring input1, falling

edge

MEAW Measurementwithout | +1 =+1: Measuring input1, rising N10 MEAW=1 G1 X... Z...
deletion of distance-to- | _4 edge F..
go =-1: Measuring input1, falling

edge

$A_DBBIn] Data byte Reading and writing PLC varia- | N10$A_DBR[5]=16.3;

$A_DBWIn] Data word bles Write Real variables

$A_DBDI[n] Data double-word ; with offset position 5

$A_DBRI[n] Real data ; (position, type and

meaning are agreed be-
tween NC and PLC
)

$AA_MM[ Measurementresultfor | - Axis: |dentifier of an axis (X, Z) N10R1=$AA_MM[X]

axis] an axisin the machine traversing when measuring
coordinate system

$AA_MW[axis | Measurementresultfor | - Axis: |dentifier of an axis (X, Z) N10 R2=$AA_MWI[X]

] an axis in the work- traversing when measuring
piece coordinate sys-
tem

$AC_MEA[1] | Measuringtask status |- Defaultcondition: N10IF $AC_MEAS[1]==

0: Default condition, probe did
not switch
1: Probe switched

GOTOF .... ; Continue
program when probe has
switched ...
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Timerfor runtime: 0.0 ... 10+300 System variable:
$A.._.._ $AN_SETUP_TIME min (value read- | Time since the control system
TIME $AN_POWERON_TIM only) has last booted
E . | d Time since the control system
$AC_OPERATING_TI m:“ (valueread- | . |ast booted normally N10IF
ME only) Total runtime of all NC programs | $AC_CYCLE_TIME==50.
$AC_CYCLE_TIME S Runtime ofthe NC program (only | 5 ....
$AC_CUTTING_TIME S of the selected program)
s Tool actiontime
Workpiece counter: 0 ... 999999999, | System variable:
$AC_..._ $AC_TOTAL_PARTS |[integer Total actual count
PARTS $AC_REQUIRED Set number of workpiece
_PARTS
$AC_ACTUAL_PARTS Currentactual count N10IF
$AC_SPECIAL_PART Countof workpieces - specified | $AC_ACTUAL_PARTS==
S by the user 15 ...
$AC_ Number ofactive spin- read-only
MSNUM dles
$P_ Number of pro- read-only
MSNUM grammed spindles
$P_NUM_ Number of configured read-only
SPINDLES spindles
$AA_S[n] Actual speed of spindle Spindle numbern=1
n read-only
$P_S[n] Last programmed Spindle numbern =1
speed of spindle n read-only
$AC_ Currentdirection of Spindle numbern =1
SDIR[n] rotation of spindlen read-only
$P_ Last programmed Spindle numbern =1
SDIR[n] direction of rotation of read-only
spindlen
$P_ Number ofthe active - read-only N10IF $P_TOOLNO==12
TOOLNO tool T GOTOF ....
$P_TOOL Active D numberofthe |- read-only N10IF $P_TOOL==
active tool GOTOF ...
MSG () Signal max. 65 charac- | Message text ininverted com- MSG("MESSAGE TEXT")
ters mas ; separate block
N150 MSG() ; Clear pre-
vious message
OFFN Dimension specifica- |- Only effective with the tool radius [ N10 OFFN=12.4
tion compensation G41,G42 active
RND Rounding 0.010... 99 Inserts a rounding with the speci- | N10 X... Z.... RND=...
999.999 fied radius value tangentially N11X... Z..
between two contour blocks
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RNDM Modal rounding 0.010... 99 - Inserts roundings with the N10X... Y... RNDM=.7.3
999.999 specified radius value tangential- | ;modal rounding ON
ly at the following contour cor- N11X... Y...
ners; special feedrate possible: | ....
FRCM= ... N100 RNDM=.0 ;modal
rounding OFF
- Modal rounding OFF
0
RPL Angle of rotation with +0.00001 ... Specificationin degrees;angle | See ROT, AROT
ROT, AROT 359.9999 for a programmabile rotation in
the current plane G17to G19
SET(,,,) Set valuesfor the SET: Various values, from the
variable fields specified element DEF REAL
REP() up to: according tothe number | VAR2[12]=REP(4.5); all
of values elementsvalue 4.5
REP: the same value, from the N10
specified elementup to the R10=SET(1.1,2.3,44);
end of the field R10=1.1,R11=2.3,
R4=4 4
SETMS(n) Define spindleasmas- |n=1o0rn=2 n: Number of the spindle,ifonly | N10 SETMS(2) ; separate
ter spindle SETMS is set, the default master | block, 2nd spindle = mas-
spindle comes into effect ter
SF Thread starting point 0.001 ... 359.999 | Specifiedindegrees;the thread |[See G33
whenusing G33 starting pointwith G33 will be
offset by the specified value
SPI(n) Converts the spindle n =1,
numberninto the axis axis identifier:e.g. "SP1" or "C"
identifier
SPOS Spindle position 0.0000.... specified in degrees; the spindle | N10 SPOS-=....
359.9999 stops at the specified position (to | N10 SPOS=ACP(...)
achieve this, the spindle must N10 SPOS=ACN(...)
provide the appropriate technical | N10 SPOS=IC(...)
SPOS(n) prerequisites: position control) N10 SPOS=DC(...)
Spindle numbern:1
SPOSA Spindle position 0.0000 ... SPOS and SPOSA have the SPOSA=<value>/
359.9999 same functionality butdiffer in SPOSA [<n>] = <value>/
their block change behavior:
With SPOS, the NC blockis only
enabled once the position has
been reached.
With SPOSA, the block is ena-
bled even if the position has not
been reached.
STOPFIFO Stops the fast machin- Special function;filling of the STOPFIFO; separate
ing step buffer memory until STARTFIFO, | block, start of filling
"Buffer memory full"or"End of N10X...
program"is detected. N20 X...
STARTFIFO | Start of fast machining Special function; the buffer N30 X...
step memoryisfilled at the same STARTFIFO ;separate
time. block, end of filling
STOPRE Preprocessing stop Special function; the nextblock | STOPRE ; separate block

is only decoded if the block be-
fore STOPRE is completed.
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TRACYL Milling of the peripheral Kinematic transformation (avail- | TRACYL(20.4); separate
surface able only if configured according- | block; cylinder diameter:
ly) 20.4 mm
TRACYL(20.4,1); also
possible
TRANSMIT Milling of the face end Kinematictransformation (avail- | TRANSMIT ; separate
able onlyif configured according- | block
ly) TRANSMIT(1) ; also pos-
sible
TRAFOOF Disable TRANSMIT, Disables all the kinematictrans- | TRAFOOF ; separate
TRACYL formations block
TRAILON Coupled motion ON Activates and defines a coupled | TRAILON(W,X,1) ; sepa-
axis group rate block; coupled-
motion axis: W, leading
axis: X, coupling factor: 1
TRAILOF Coupled motion OFF Deactivates a coupled axis TRAILOF(W,X) ; separate
group block
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