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Legal information

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.

/\ DANGER

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

/\ WARNING

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

/\ CAUTION

indicates that minor personal injury can result if 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/system described 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:

/\ WARNING

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.

Trademarks

All names identified by ® are registered trademarks of Siemens AG. The remaining trademarks in this publication
may be trademarks whose use by third parties for their own purposes could violate the rights of the owner.

Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software described.
Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the information in
this publication is reviewed regularly and any necessary corrections are included in subsequent editions.
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SINUMERIK documentation
The SINUMERIK documentation is organized in the following categories:
® General documentation
® User documentation

® Manufacturer/service documentation

Additional information

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

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

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

docu.motioncontrol@siemens.com

My Documentation Manager (MDM)

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

www.siemens.com/mdm

Training
For information about the range of training courses, refer under:
® www.siemens.com/sitrain
SITRAIN - Siemens training for products, systems and solutions in automation technology
® www.siemens.com/sinutrain
SinuTrain - training software for SINUMERIK
FAQs

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

Fundamentals
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SINUMERIK

Target group

Benefits

Standard scope

You can find information on SINUMERIK under the following link:

www.siemens.com/sinumerik

This publication is intended for:
® Programmers

® Project engineers

With the programming manual, the target group can develop, write, test, and debug programs
and software user interfaces.

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

Other functions not described in this documentation might be executable in the control. This
does not, however, represent an obligation to supply such functions with a new control or when
servicing.

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

Technical Support

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

Fundamentals
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Information on structure and contents

Programming Manual, Fundamentals/Job Planning

The description of the NC programming is divided into two manuals:

1. Fundamentals

This "Fundamentals" Programming Manual is intended for use by skilled machine operators
with the appropriate expertise in drilling, milling and turning operations. Simple
programming examples are used to explain the commands and statements which are also
defined according to DIN 66025.

. Job planning

The Programming Manual "Advanced" is intended for use by technicians with in-depth,
comprehensive programming knowledge. By virtue of a special programming language,
the SINUMERIK control enables the user to program complex workpiece programs (e.g.
for free-form surfaces, channel coordination, ...) and makes programming of complicated
operations easy for technologists.

Availability of the described NC language elements

Fundamentals
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All NC language elements described in the manual are available for the SINUMERIK 840D sl.
The availability regarding SINUMERIK 828D should be taken from Table "Operations:

Availability for SINUMERIK 828D (Page 417)".
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Fundamental safety instructions

1.1 General safety instructions

/I\ WARNING

Risk of death if the safety instructions and remaining risks are not carefully observed

If the safety instructions and residual risks are not observed in the associated hardware
documentation, accidents involving severe injuries or death can occur.

® Observe the safety instructions given in the hardware documentation.

® Consider the residual risks for the risk evaluation.

/I\ WARNING

Danger to life or malfunctions of the machine as a result of incorrect or changed
parameterization

As aresult of incorrect or changed parameterization, machines can malfunction, which in turn
can lead to injuries or death.
® Protect the parameterization (parameter assignments) against unauthorized access.

® Respond to possible malfunctions by applying suitable measures (e.g. EMERGENCY
STOP or EMERGENCY OFF).

1.2 Industrial security

Note
Industrial security

Siemens provides products and solutions with industrial security functions that support the
secure operation of plants, solutions, machines, equipment and/or networks. They are
important components in a holistic industrial security concept. With this in mind, Siemens’
products and solutions undergo continuous development. Siemens recommends strongly that
you regularly check for product updates.

For the secure operation of Siemens products and solutions, it is necessary to take suitable
preventive action (e.g. cell protection concept) and integrate each component into a holistic,
state-of-the-art industrial security concept. Third-party products that may be in use should also
be considered. For more information about industrial security, visit this address (http://
www.siemens.com/industrialsecurity).

To stay informed about product updates as they occur, sign up for a product-specific
newsletter. For more information, visit this address (http://support.automation.siemens.com).

Fundamentals
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Fundamental safely instructions

1.2 Industrial security

14

/I\ WARNING

Danger as a result of unsafe operating states resulting from software manipulation

Software manipulation (e.g. by viruses, Trojan horses, malware, worms) can cause unsafe
operating states to develop in your installation which can result in death, severe injuries and/
or material damage.

e Keep the software up to date.

You will find relevant information and newsletters at this address (http://
support.automation.siemens.com).

® |ncorporate the automation and drive components into a holistic, state-of-the-art industrial
security concept for the installation or machine.
You will find further information at this address (http://www.siemens.com/
industrialsecurity).

® Make sure that you include all installed products into the holistic industrial security concept.

Fundamentals
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Fundamental Geometrical Principles 2

2.1 Workpiece positions

2.1.1 Workpiece coordinate systems

In order that the machine or the control can work with the positions specified in the NC program,
these position specifications have to be made in a reference system that can be transferred
to the directions of motion of the machine axes. Cartesian (i.e. clockwise, perpendicular)
coordinate systems in accordance with DIN 66217 are used as workpiece coordinate system
for machine tools.

Z+
A
X- Y+
400"
W @ 90°
Y- X+
y

The workpiece zero (W) is the origin of the workpiece coordinate system.

21.2 Cartesian coordinates

The axes in the coordinate system are assigned dimensions. In this way, itis possible to clearly
describe every point in the coordinate system and therefore every workpiece position through
the direction (X, Y and Z) and three numerical values. The workpiece zero always has the
coordinates X0, Y0, and Z0.

Fundamentals
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Fundamental Geometrical Principles

2.1 Workpiece positions

Position specifications in the form of Cartesian coordinates

To simplify things, we will only consider one plane of the coordinate system in the following

example, the X/Y plane:

Y+A

p2 50
@
)
§ - 100 7‘P1
3
\ \
- \&Q -
X- X+
[Te)
N
©
- -0
0P
P3 105
Q= »

Points P1 to P4 have the following coordinates:

Position Coordinates
P1 X100 Y50
P2 X-50 Y100
P3 X-105 Y-115
P4 X70Y-75

Example: Workpiece positions for turning

16

With lathes, one plane is sufficient to describe the contour:

A X
P4
P3 P2
P1 3
g@
d s
Q
15
25
35
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Fundamental Geometrical Principles

2.1 Workpiece positions

Points P1 to P4 have the following coordinates:

Position Coordinates
P1 X252-7.5
P2 X40 Z-15
P3 X40 Z-25
P4 X60 Z-35

Example: Workpiece positions for milling

For milling, the feed depth must also be described, i.e. the third coordinate (in this case Z)
must also be assigned a numerical value.

Y+A A Y+
P2 __J
® *P2
P1 |
3 P17
]
< @ oP
. N P
N X+ Z+
EE > \;> >
—»{10 l=— —={5|=—
30 15
45 20

Points P1 to P3 have the following coordinates:

Position Coordinates

P1 X10 Y45 Z-5

P2 X30 Y60 Z-20

P3 X45 Y20 Z-15
21.3 Polar coordinates

Polar coordinates can be used instead of Cartesian coordinates to describe workpiece
positions. This is useful when a workpiece or part of a workpiece has been dimensioned with
radius and angle. The point from which the dimensioning starts is called the "pole".

Position specifications in the form of polar coordinates
Polar coordinates are made up of the polar radius and the polar angle.

The polar radius is the distance between the pole and the position.

Fundamentals
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Fundamental Geometrical Principles

2.1 Workpiece positions

The polar angle is the angle between the polar radius and the horizontal axis of the working
plane. Negative polar angles are in the clockwise direction, positive polar angles in the
counterclockwise direction.

Example
A
3
) -
15 X
Points P1 and P2 can then be described — with reference to the pole — as follows:
Position Polar coordinates
P1 RP=100 AP=30
P2 RP=60 AP=75
RP: Polar radius
AP: Polar angle
214 Absolute dimensions

Position specifications in absolute dimensions

With absolute dimensions, all the position specifications refer to the currently valid zero point.
Applied to tool movement this means:

the position, to which the tool is to travel.

Fundamentals
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Fundamental Geometrical Principles

Example: Turning

A X
P4
P3 P2
P1 3
g@
da
Q
15
25
35

2.1 Workpiece positions

In absolute dimensions, the following position specifications result for points P1 to P4:

Position Position specification in absolute dimensions
P1 X25 Z-7.5
P2 X40 Z-15
P3 X40 Z-25
P4 X60 Z-35
Example: Milling
Y A
P2
P1
3
P3
A3
R
) X
W 20
50
70
Fundamentals
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Fundamental Geometrical Principles

2.1 Workpiece positions

In absolute dimensions, the following position specifications result for points P1 to P3:

Position Position specification in absolute dimensions
P1 X20 Y35
P2 X50 Y60
P3 X70Y20
21.5 Incremental dimension

Position specifications in incremental dimensions

In production drawings, the dimensions often do not refer to a zero point, but rather to another
workpiece point. So that these dimensions do not have to be converted, they can be specified
in incremental dimensions. In this method of dimensional notation, a position specification
refers to the previous point.

Applied to tool movement this means:

The incremental dimensions describe the distance the tool is to travel.

Example: Turning

P4

P3 P2

P1

@ 60

340

Y

10 10 7.5 7.5

In incremental dimensions, the following position specifications result for points P2 to P4:

Position Position specification in incremental dimensions | The specification refers to:
P2 X152-7.5 P1
P3 Z-10 P2
P4 X20 Z-10 P3

Fundamentals
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Fundamental Geometrical Principles

2.2 Working planes

Note

With DTAMOF or DIAM90 active, the set distance in incremental dimensions (G91) is
programmed as a radius dimension.

Example: Milling
The position specifications for points P1 to P3 in incremental dimensions are:
YA
P2
&
P1
2 P3
&
8 X
w L
20 30 20

In incremental dimensions, the following position specifications result for points P1 to P3:

Position Position specification in incremental di- | The specification refers to:
mensions
P1 X20Y35 Zero point
P2 X30 Y20 P1
P3 X20Y -35 P2
2.2 Working planes

An NC program requires information about the machining plane, because only then can the
control, for example, correct the tool correction values correctly. The specification of the
working plane is also required for certain types of circular-path programming and polar
coordinates.

The working plane is specified in the base Cartesian workpiece coordinate system with two
coordinate axes. The third coordinate axis is perpendicular to this work plane and determines
the infeed direction of the tool (e.g. for 2D machining).

Fundamentals
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Fundamental Geometrical Principles

2.3 Zero points and reference points

Working planes for turning/milling

Y

Working planes for turning

Activating a work plane

The working planes are activated defined in the NC program with the G commands G17, G18
and G19. The relationship is defined as follows:

2.3

22

Working planes for milling

G command Working plane Abscissa Ordinate Applicate infeed di-
rection
G17 XY X Y z
G18 ZIX z X Y
G19 Yiz Y z X

Zero points and reference points

Various zero points and reference points are defined on an NC machine:

Zero points

@ M

Machine zero

The machine zero defines the machine coordinate system (MCS). All other reference

points refer to the machine zero.

@W

Workpiece zero = program zero

The workpiece zero defines the workpiece coordinate system in relation to the machine

Zero.

@ A

Blocking point

Can be the same as the workpiece zero (only for lathes).

Fundamentals
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Fundamental Geometrical Principles

2.3 Zero points and reference points

Reference points

Q@ [R

Reference point

Position defined by output cam and measuring system. The distance to the machine
zero M must be known so that the axis position at this point can be set exactly to this
value.

& |8

Starting point
Can be defined by the program. The first machining tool starts here.

a |

Toolholder reference point

Is on the toolholder. By entering the tool lengths, the control calculates the distance
between the tool tip and the toolholder reference point.

_$_ N

Tool change point

Zero points and reference points for turning

x e

%, %
]
B e
Zero points for milling
Y
w1 w2
M e
X
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Fundamental Geometrical Principles

2.4 Coordinate systems

24 Coordinate systems

A distinction is made between the following coordinate systems:

® Machine coordinate system (MCS) (Page 24) with the machine zero M

* Basic coordinate system (BCS) (Page 26)

* Basic zero system (BZS) (Page 28)

* Seftable zero system (SZS) (Page 29)

® Workpiece coordinate system (WCS) (Page 30Q) with the workpiece zero W

241 Machine coordinate system (MCS)

The machine coordinate system comprises all the physically existing machine axes.

Reference points and tool and pallet changing points (fixed machine points) are defined in the
machine coordinate system.

A Zm Ym

M @

If programming is performed directly in the machine coordinate system (possible with some G
functions), the physical axes of the machine respond directly. Any workpiece clamping that is
present is not taken into account.

Note

If there are various machine coordinate systems (e.g. 5-axis transformation), then an internal
transformation is used to map the machine kinematics on the coordinate system in which the
programming is performed.

Fundamentals
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Fundamental Geometrical Principles

2.4 Coordinate systems

Three-finger rule

The orientation of the coordinate system relative to the machine depends on the machine type.
The axis directions follow the so-called "three-finger rule" of the right hand (according to DIN
66217).

Seen from in front of the machine, the middle finger of the right hand points in the opposite
direction to the infeed of the main spindle. Therefore:

® the thumb points in the +X direction
® the index finger points in the +Y direction

e the middle finger points in the +Z direction

+Z

( —

+X

Figure 2-1 "Three-finger rule"

Rotary motions around the coordinate axes X, Y and Z are designated A, B and C. If the rotary
motion is in a clockwise direction when looking in the positive direction of the coordinate axis,
the direction of rotation is positive:

X, Y, Z +Y
mutually orthogonal A
axes

90°

/ T X

+Z

Fundamentals
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2.4 Coordinate systems

Position of the coordinate system in different machine types

The position of the coordinate system resulting from the "three-finger rule" can have a different
orientation for different machine types. Here are a few examples:

242 Basic coordinate system (BCS)
The basic coordinate system (BCS) consists of three mutually perpendicular axes (geometry
axes) as well as other special axes, which are not interrelated geometrically.

Machine tools without kinematic transformation

BCS and MCS always coincide when the BCS can be mapped onto the MCS without kinematic
transformation (e.g. 5-axis transformation, TRANSMIT/TRACYL/TRAANG).

Fundamentals
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2.4 Coordinate systems

On such machines, machine axes and geometry axes can have the same names.

+Y
A
Machine @ » X
coordinate
system = BCS \

2y

Machine zero point

Figure 2-2  MCS = BCS without kinematic transformation

Machine tools with kinematic transformation

BCS and MCS do not coincide when the BCS is mapped onto the MCS with kinematic
transformation (e.g. 5-axis transformation, TRANSMIT/TRACYL/TRAANG).

On such machines the machine axes and geometry axes must have different names.

Y
BCS
Kinematic
transformation
YMCS
A =
Xacs
Basic coordinate system (BCS)
/ Zgcs
Xmcs
Machine coordinate system (MCS)
Zycs

Figure 2-3  Kinematic transformation between the MCS and BCS

Fundamentals
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2.4 Coordinate systems

Machine kinematics

The workpiece is always programmed in a two or three dimensional, right-angled coordinate
system (WCS). However, such workpieces are being programmed ever more frequently on
machine tools with rotary axes or linear axes not perpendicular to one another. Kinematic
transformation is used to represent coordinates programmed in the workpiece coordinate
system (rectangular) in real machine movements.

References

Function Manual Expansion Functions; M1: Kinematic transformation

Function Manual, Special Functions; F2: Multi-axis transformations
243 Basic zero system (BZS)

The basic zero system (BZS) is the basic coordinate system with a basic offset.

Yy
Basic offset
Y .
+X
/ Basic zero system (BZS)
/ +Z
+X
Basic coordinate system (BCS)
+Z

Basic offset

The basic offset describes the coordinate transformation between BCS and BZS. It can be
used, for example, to define the palette window zero.

The basic offset comprises:
e External zero offset
® DREF offset

e Overlaid movement

Fundamentals
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2.4 Coordinate systems

® Chained system frames

® (Chained basic frames

References
Function Manual, Basic Functions; Axes, Coordinate Systems, Frames (K2)

244 Settable zero system (SZS)

Settable zero offset

The "settable zero system" (SZS) results from the basic zero system (BZS) through the settable
zero offset.

Settable zero offsets are activated in the NC program with the G commands G54...G57 and
G505...G599 as follows:

)
G54 ... G599
Y .
> %
7 Settable
/ * zero system (SZS)
=+X
Basic zero system (BZS)
+Z

If no programmable coordinate transformations (frames) are active, then the "settable zero
system" is the workpiece coordinate system (WCS).

Programmable coordinate transformations (frames)

Sometimes it is useful or necessary within an NC program, to move the originally selected
workpiece coordinate system (or the "settable zero system") to another position and, if
required, to rotate it, mirror it and/or scale it. This is performed using programmable coordinate
transformations (frames).

Fundamentals
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2.4 Coordinate systems

See Section: "Coordinate transformations (frames)"

Note

Programmable coordinate transformations (frames) always refer to the "settable zero system".

245 Workpiece coordinate system (WCS)

The geometry of a workpiece is described in the workpiece coordinate system (WCS). In other
words, the data in the NC program refers to the workpiece coordinate system.

The workpiece coordinate system is always a Cartesian coordinate system and assigned to a
specific workpiece.

Fundamentals
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246

Fundamentals

2.4 Coordinate systems

What is the relationship between the various coordinate systems?

The example in the following figure should help clarify the relationships between the various
coordinate systems:

Programmable
coordinate transformation

Settable work offset

Workpiece 2

Pallet

Settable

Workpiece 1
work offset

Programmable
coordinate transformation

A kinematic transformation is not active, i.e. the machine coordinate system and the basic co-
ordinate system coincide.

The basic zero system (BZS) with the pallet zero result from the basic offset.

The "settable zero system" (SZS) for Workpiece 1 or Workpiece 2 is specified by the settable
zero offset G54 or G55.

® @0 O

The workpiece coordinate system (WCS) results from programmable coordinate transformation.
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2.4 Coordinate systems

Fundamentals
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Fundamental Principles of NC Programming 3

3.1

Rules

Fundamentals

Note
DIN 66025 is the guideline for NC programming.

Name of an NC program

Each NC program must be assigned a program name (designation) when it is created. The
program name can be chosen freely providing the following rules are observed:

® Permissible characters:
— Letters:A...Z,a..z
— Numbers:0...9
— Underscore: _
® The first two characters must be two letters or an underscore followed by a letter.

o Maximum length: 24 characters

Uppercase/lowercase letters
The SINUMERIK NC language does not distinguish between uppercase and lowercase letters.

Note

To avoid problems with Windows applications, avoid using the following program names:
e CON, PRN, AUX, NUL

e COM1, COM2, COM3, COM4, COM5, COM6, COM7, COM8, COM9

e LPTH1, LPT2, LPT3, LPT4, LPT5, LPT6, LPT7, LPT8, LPT9

Further restrictions, see "Names (Page 379)".
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3.2 Structure and contents of an NC program

Control-internal extensions

The program name assigned when the program is created is expanded within the control with
the addition of a prefix and a suffix.

® Prefix: N _
o Suffix:
— Main programs: MPF

— Subprograms: SPF

Files in punch tape format

Externally created program files that are read via the V.24 interface must be present in punch
tape format.

The following additional rules apply for the program name of a file in punch tape format:
e First character: %

® Then a four-character file extension: _xxx

Examples:

® % N SHAFT123 MPF

® 3Flange3 MPF

References
For detailed information on downloading, creating and storing NC programs, see:
Turning, milling and grinding operating manual; "Manage programs" section
3.2 Structure and contents of an NC program
3.2.1 Blocks and block components
Blocks
An NC program consists of a sequence of NC blocks. Each block contains the data for the
execution of a step in the workpiece machining.
Block components
NC blocks consist of the following components:
e Commands (statements) according to DIN 66025
® Elements of the NC high-level language
Fundamentals
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Commands according to DIN 66025

3.2 Structure and contents of an NC program

The commands according to DIN 66025 consist of an address character and a digit or
sequence of digits representing an arithmetic value.

Address character (address)
The address character (generally a letter) defines the meaning of the command.

Examples:

Address character

Meaning

G

G function (preparatory function)

X

Position data for the X axis

S

Spindle speed

Digit sequence

The digit sequence is the value assigned to the address character. The sequence of digits can
contain a sign and decimal point. The sign always appears between the address letter and the

sequence of digits.

Positive signs (+) and leading zeroes (0) do not have to be specified.

Digit sequence

Address
Address

Digit sequence
Digit sequence

Address

@
2
X

O
=

S2000

Block

Elements of the NC high-level language

As the command set according to DIN 66025 is no longer adequate for the programming of
complex machining sequences in modern machine tools, it has been extended by the elements

of the NC high-level language.

Fundamentals
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3.2 Structure and contents of an NC program

These include, for example:

Commands of the NC high-level language
In contrast to the commands according to DIN 66025, the commands of the NC high-level
language consist of several address letters, e.qg.

— OVR for speed override

— SPpos for spindle positioning
Identifiers (defined names) for:
— System variables

— User-defined variables

— Subprograms

— Keywords

— Jump markers

— Macros

Note

An identifier must be unique and cannot be used for different objects.

Comparison operators
Logic operators
Arithmetic functions

Check structures

References:
Programming Manual, Job Planning; Section: "Flexible NC programming"

Effectiveness of commands

Commands are either modal or non-modal:

End of program

Modal
Modal commands retain their validity with the programmed value (in all following blocks)
until:

— A new value is programmed under the same command
— A command is programmed that revokes the effect of the previously valid command

Non-modal
Non-modal commands only apply for the block in which they were programmed.

The last block in the execution sequence contains a special word for the end of program: M2,
M17 or M30.

36
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3.2.2

Start of block

End of block

Block length

3.2 Structure and contents of an NC program

Block rules

NC blocks can be identified at the start of the block by block numbers. These consist of the

character "N" and a positive integer, e.g.
N40

The order of the block numbers is arbitrary, however, block numbers in rising order are
recommended.

Note

Block numbers must be unique within a program in order to achieve an unambiguous result
when searching.

A block ends with the character LF (LINE FEED = new line).

Note

The LF character does not have to be written. It is generated automatically by the line change.

A block can contain a maximum of 512 characters (including the comment and end-of-block
character LF).

Note

Three blocks of up to 66 characters each are normally displayed in the current block display
on the screen. Comments are also displayed. Messages are displayed in a separate message
window.

Order of the statements

Fundamentals

In order to keep the block structure as clear as possible, the statements in a block should be
arranged in the following order:
N.. G.. X.. Y.. Z.. F.. S.. T.. D.. M.. H..

Address Meaning

N Address of block number
G Preparatory function
X,Y,7Z Positional data

F Feedrate

S Speed
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3.2 Structure and contents of an NC program

3.2.3

3.24

38

T Tool

D Tool offset number

M Additional function

H Auxiliary function
Note

Certain addresses can be used repeatedly within a block, e.g.

G.., M., H...

Value assignments

Values can be assigned to the addresses. The following rules apply:
® An "="sign must be inserted between the address and the value if:
— The address comprises more than one letter.
— The value includes more than one constant.

The "=" sign can be omitted if the address is a single letter and the value consists of only
one constant.

e Signs are permitted.

e Separators are permitted after the address letter.

Examples:

X10 Value assignment (10) to address X, "=" not required

X1=10 Value assignment (10) to address (X) with numeric extension (1),

"=" required

X=10* (5+SIN(37.5)) Value assignment by means of a numeric expression, "=" required
Note
A numeric extension must always be followed by one of the special characters "=", "(", "[", )",
"", ™", or an operator, in order to distinguish an address with numeric extension from an

address letter with a value.

Comments

To make an NC program easier to understand, comments can be added to the NC blocks.

A comment is at the end of a block and is separated from the program section of the NC block
by a semicolon (";").

Fundamentals
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Example 1:

|Program code

3.2 Structure and contents of an NC program

Comment

|N10 Gl F100 X10 ¥20

; Comment to explain the NC block

Example 2:

Program code Comment

N10 ; Company G&S, order no. 12A71

N20 ; Program written by H. Smith, Dept. TV 4 on November 21,
1994

N50 ; Section no. 12, housing for submersible pump type TP23A

Note

Comments are stored and appear in the current block display when the program is running.

3.25 Skipping blocks

NC blocks which are not to be executed in every program pass (e.g. execute a trial program

run), can be skipped.

Programming

Blocks which are to be skipped are marked with an oblique "/" in front of the block number.
Several consecutive blocks can also be skipped. The statements in the skipped blocks are not
executed; the program continues with the next block which is not skipped.

Example:

N10 ...
/N20 ...
N30 ...
IN4OQ ...
/NS0 ...
/NGO ...
N70 ...
N80 ...
N9O ...
N100 ...
N110 ...
N120

ONOHONONONONONONONONONG,

uonnoaxse welboid

OOOOOOOOOOO;

Fundamentals
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3.2 Structure and contents of an NC program

Skip levels

40

Program code

Comment

N10
/N2

/N4

0 ..

N30 ..

0 ..

N70 ..

; Is executed

; Skipped

; Is executed

; Skipped

; Is executed

Blocks can be assigned to skip levels (max. 10) which can be activated via the user interface.

Programming is performed by assigning a forward slash, followed by the number of the skip
level. Only one skip level can be specified for each block.

Example:

Program code Comment

/ ; Block is skipped (lst skip level)
/0 ; Block is skipped (lst skip level)
/1 NO10... ; Block is skipped (2nd skip level)
/2 N020... ; Block is skipped (3rd skip level)
/7 N100... ; Block is skipped (8th skip level)
/8 N080... ; Block is skipped (9th skip level)
/9 N090... ; Block is skipped (10th skip level)
Note

The number of skip levels that can be used depends on a display machine data item.

Note

System and user variables can also be used in conditional jumps in order to control program

execution.

Fundamentals
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Creating an NC program 4

4.1 Basic procedure

The programming of the individual operation steps in the NC language generally represents
only a small proportion of the work in the development of an NC program.

Programming of the actual instructions should be preceded by the planning and preparation
of the operation steps. The more accurately you plan in advance how the NC program is to be
structured and organized, the faster and easier it will be to produce a complete program, which
is clear and free of errors. Clearly structured programs are especially advantageous when
changes have to be made later.

As every part is not identical, it does not make sense to create every program in the same
way. However, the following procedure has shown itself to be suitable in the most cases.

Procedure

1. Prepare the workpiece drawing

Define the workpiece zero
Draw the coordinate system

Calculate any missing coordinates

2. Define the machining sequence

Fundamentals

Which tools are used when and for the machining of which contours?
In which order will the individual elements of the workpiece be machined?

Which individual elements are repeated (possibly also rotated) and should be stored in
a subroutine?

Are there contour sections in other part programs or subroutines that could be used for
the current workpiece?

Where are zero offsets, rotating, mirroring and scaling useful or necessary (frame
concept)?
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4.2 Available characters

3. Create a machining plan
Define all machining operations step-by-step, e.g.

— Rapid traverse movements for positioning

— Tool change

— Define the machining plane

— Retraction for checking

— Switch spindle, coolant on/off

— Call up tool data

— Feed

— Path correction

— Approaching the contour

— Retraction from the contour

- etc.

4. Compile machining steps in the programming language

— Write each individual step as an NC block (or NC blocks).

5. Combine the individual steps into a program

4.2 Available characters

The following characters are available for writing NC programs:

e Uppercase characters:
A, B,C,D,E,F,G,HI,J,K L MNO)/P QR,STUVWXY,Z

® | owercase characters:
a,b,c,defghijklmnonpqrstuvwxyz

e Numbers:

0,1,2,3,4,56,7,8,9

® Special characters:
See the table below.

Special characters

Meaning

%

Program start character (used only for writing programs on an external PC)

For bracketing parameters or expressions

For bracketing parameters or expressions

For bracketing addresses or indexes

For bracketing addresses or indexes

Less than

VIA|—|—]|—]|—~

Greater than

Main block, end of label, chain operator

Assignment, part of equation

42
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4.3

Fundamentals

4.3 Program header

Special characters

Meaning

/

Division, block suppression

Multiplication

Addition

Subtraction, minus sign

Double quotation marks, identifier for character string

Single quotation marks, identifier for special numerical values: hexadecimal,
binary

$ System variable identifiers
S_ Underscore, belonging to letters
? Reserved
! Reserved
Decimal point
, Comma, parameter separator
; Comment start
& Format character, same effect as space character
LF End of block
Tab character Separator
Blank Separator (blank)

Note

Take care to differentiate between the letter "O" and the digit "0".

Note

No distinction is made between uppercase and lowercase characters (exception: tool call).

Note

Non-printable special characters are treated like blanks.

Program header

The NC blocks that are placed in front of the actual motion blocks for the machining of the
workpiece contour are called the program header.

The program header contains information/statements regarding:

® Tool change

® Tool offsets

e Spindle motion

® Feed control

® Geometry settings (zero offset, selection of the working plane)

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3
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4.4 Program examples

Program header for turning

The following example shows the typical structure of an NC program header for turning:

Program code Comment

N10 GO G153 X200 z500 TO DO ; Retract toolholder before tool turret is ro-
tated.

N20 T5 ; Swing in tool 5.

N30 D1 ; Activate cutting edge data set of the tool.

N40 G96 S300 LIMS=3000 M4 M8 ; Constant cutting rate (Vc) 300 m/min, speed

limitation = 3000 rpm, direction of rotation

counterclockwise, cooling on.
N50 DIAMON ; X axis will be programmed in the diameter.

N60 G54 G18 GO X82 70.2 ; Call zero offset and working plane, approach
starting position.

Program header for milling

The following example shows the typical structure of an NC program header for milling:

Program code Comment

N10 T="SF12" ; Alternative: T123

N20 M6 ; Trigger tool change.

N30 D1 ; Activate cutting edge data set of the tool.

N40 G54 G17 ; Zero offset and working plane.

N50 GO X0 YO Z2 S2000 M3 M8 ; Approach to the workpiece, spindle and cool-
ant on.

If tool orientation / coordinate transformation is being used, any transformations still active
should be deleted at the start of the program:

Program code Comment

N10 CYCLESO0O () ; Resetting of the swiveled plane

N20 TRAFOOF ; Resetting of TRAORI, TRANSMIT, TRACYL,

4.4 Program examples

441 Example 1: First programming steps

Program example 1 is to be used to perform and test the first programming steps on the NC.

Fundamentals
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4.4 Program examples

Procedure
1. Create a new part program (name)
2. Edit the part program
3. Select the part program
4. Activate single block
5. Start the part program

References:
Operating Manual for the existing user interface

Note

In order that the program can run on the machine, the machine data must have been set
appropriately (-~ machine manufacturer!).

Note

Alarms can occur during program verification. These alarms have to be reset first.

Program example 1

Program code Comment

N10 MSG("THIS IS MY NC PROGRAM") ; Message "THIS IS MY NC PROGRAM" dis-
played in the alarm line.

N20 F200 S900 T1 D2 M3 ; Feedrate, spindle, tool, tool off-
set, spindle clockwise.

N30 GO X100 Y100 ; Approach position in rapid traverse.

N40 Gl X150 ; Rectangle with feedrate, straight
line in X.

N50 Y120 ; Straight line in Y.

N60 X100 ; Straight line in X.

N70 Y100 ; Straight line in Y.

N80 GO X0 YO ; Retraction in rapid traverse.

N100 M30 ; End of block.

442 Example 2: NC program for turning

Program example 2 is intended for the machining of a workpiece on a lathe. It contains radius
programming and tool radius compensation.

Note

In order that the program can run on the machine, the machine data must have been set
appropriately (— machine manufacturer!).

Fundamentals
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4.4 Program examples

Dimension drawing of the workpiece

A

R8

o
3 50

@30
@35
N

Program example 2

46

18
20
40
57
62 .
70
80
Figure 4-1 Top view
Program code Comment

N5 GO G53 X280 2380 DO

N10
N15
N20
N25
N30
N35
N40
N45
N50
N55
N60
N65
N70

TRANS X0 Z250

LI

MS=4000

G96 sS250 M3

G90 T1 D1 M8

GO
Gl
G3
Gl
G2
Gl
G3
Gl
X3

G42 X-1.5 71

X0 70 FO0.25

X16 z-4 10 K-10
Z-12

X22 7Z-15 CR=3
X24

X30 z-18 I0 K-3
7Z-20

5 7Z-40

Starting point.

Zero offset

Speed limitation (G96).

Select constant cutting rate.
Select tool selection and offset.

Set tool with tool radius compensation.

Turn radius 10.

Turn radius 3.

Turn radius 3.

Fundamentals
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4.4 Program examples

Program code Comment

N75 z-57

N80 G2 X41 Z-60 CR=3 ; Turn radius 3.
N85 Gl X46

N90 X52 Z-63

N95 GO G40 G97 X100 750 M9 ; Deselect tool radius compensation and approach
tool change location.

N100 T2 D2 ; Call tool and select offset.

N105 G96 S210 M3 ; Select constant cutting rate.

N110 GO G42 X50 z-60 M8 ; Set tool with tool radius compensation.

N115 G1 z-70 FO.12 ; Turn diameter 50.

N120 G2 X50 z-80 I6.245 K-5 ; Turn radius 8.

N125 GO G40 X100 750 M9 ; Retract tool and deselect tool radius compen-
sation.

N130 GO G53 X280 z380 DO M5 ; Approach tool change location.

N135 M30 ; End of program.

443 Example 3: NC program for milling

Program example 3 is intended for the machining of a workpiece on a vertical milling machine.
It contains surface and side milling as well as drilling.

Note

In order that the program can run on the machine, the machine data must have been set
appropriately (-~ machine manufacturer!).

Dimension drawing of the workpiece

a5 @30

Yy
A
A
\i

10

13.5

20

Figure 4-2  Side view
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4.4 Program examples

A 10 x 45°
——a»k————«t——
A
R10
45°
R25
8 8 \\\\‘hjff/j//////////;fl

Y

\
B 100 _
Figure 4-3  Top view

Program example 3

Program code

Comment

N10 T="PF60"

N20 M6

N30 52000 M3 M8

N50 GO Zz2
N60 G450 CFTCP

N70 G1 z-10 F3000

N80 Gl G41 X-40

NS0 G1 X-40 Y30 RND=10 F1200

48

N40 GS0 G64 G54 G17 GO X-72 Y-72

; Preselection of the tool
with name PF60.

; Load the tool into the spin-
dle.
; Speed, direction of rota-

tion, cooling on.

; Basic settings of the geome-
try and approach starting
point.

; Z axis at safety clearance.
; Behavior with active G41/

G42.

; Milling tool at contact
depth with feedrate = 3000 mm/
min.

; Activation of the milling

tool radius compensation.

; Travel to the contour with
feedrate = 1200 mm/min.

Fundamentals
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Program code

4.4 Program examples

Comment

N100
N110
N120
N130

N140

N150

N160

N170

N180

N190

N200

N210

N220
N230
N240
N250

N260
N270

N280
N290

N300

N310
N320
N330
N340
N350
N360
N370

N380

N390

N400

Gl X40 Y30 CHR=10
Gl X40 Y-30
Gl X-41 Y-30
Gl G40 Y-72 F3000

GO 7200 M5 M9

T="SF10"

M6

S2800 M3 M8

G90 Ge4 G54 G17 GO X0 YO

GO z2

POCKET4 (2,0,1,-5,15,0,0,0,0,0,800,1300,0,21,5,,,2,0.5)

GO 7200 M5 M9

T="7B6"

M6

$5000 M3 M8

G90 G60 G54 G17 X25 YO

GO z2
MCALL CYCLE82(2,0,1,-2.6,,0)

POSITION:
HOLES2(0,0,25,0,45,6)

ENDLABEL:

MCALL

GO 7200 M5 M9

T="SPB5"

M6

52600 M3 M8

G90 Go60 G54 G17 X25 YO

MCALL CYCLE82(2,0,1,-13.5,,0)

REPEAT POSITION

MCALL

GO 7200 M5 M9

Fundamentals
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; Deselection of the milling
tool radius compensation.

; Retraction of the milling
tool, spindle + cooling off.

; Preselection of the tool
with name SF10.

; Load the tool into the spin-
dle.

; Speed, direction of rota-
tion, cooling on.

; Basic settings for the geom-
etry and approach starting
point.

; Call of the pocket milling

cycle.

; Retraction of the milling
tool, spindle + cooling off.

; Call center drill 6 mm.

; Exact stop G60 for exact po-
sitioning.

; Modal call of the drilling
cycle.

; Jump mark for repetition.

; Position pattern for drill-
ing.

; End identifier for repeti-
tion.

; Resetting of the modal call.

; Call drill D 5 mm.

; Modal call of the drilling

cycle.

; Repetition of the position
description from centering.

; Resetting of the drilling
cycle.
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Creating an NC program
4.4 Program examples

|Program code Comment

|N410 M30 ; End of program.

Fundamentals
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Tool change 5

Tool change method
In chain, rotary-plate and box magazines, a tool change normally takes place in two stages:
1. The tool is sought in the magazine with the T command.
2. The tool is then loaded into the spindle with the M command.

In circular magazines on turning machines, the T command carries out the entire tool change,
that is, locates and inserts the tool.

Note

The tool change method is set via a machine data (-~ machine manufacturer).

Conditions
Together with the tool change:
® The tool offset values stored under a D number have to be activated.

® The appropriate working plane has to be programmed (basic setting: G18). This ensures
that the tool length compensation is assigned to the correct axis.

Tool management (option)

The programming of the tool change is performed differently for machines with active tool
management (option) than for machines without active tool management. The two options are
therefore described separately.

5.1 Tool change without tool management

5.1.1 Tool change with T command

There is a direct tool change when the T command is programmed.

Application
For turning machines with circular magazine.

Fundamentals
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5.1 Tool change without tool management

Syntax
Tool selection:
T<number>
T=<number>
T<n>=<number>
Tool deselection:
TO
TO=<number>
Meaning
T Command for tool selection including tool change and activation of the tool offset
<n>: Spindle number as address extension
Note:
The possibility of programming a spindle number as address extension depends on
the configuration of the machine;
- see machine manufacturer's specifications.
<number>: Number of the tool
Range of values: | 0 - 32000
TO: Command for deselection of the active tool
Example
Program code Comment
N10 T1 D1 ; Loading of tool Tl and activation of the tool offset DI.
N70 TO ; Deselect tool TI1.
5.1.2 Tool change with M6
The tool is selected when the T command is programmed. The tool only becomes active with
M6 (including tool offset).
Application
For milling machines with chain, rotary-plate or box magazines.
Syntax
Tool selection:
T<number>
T=<number>
T<n>=<number>
Fundamentals
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Tool change:

M6

Tool deselection:

TO

TO=<number>

5.2 Tool change with fool management (option)

Meaning
T Command for the tool selection
<n>: Spindle number as address extension
Note:
The possibility of programming a spindle number as address extension depends
on the configuration of the machine;
— see machine manufacturer's specifications.
<number>: Number of the tool
Range of values: | 0 - 32000
M6: M function for the tool change (according to DIN 66025)
M6 activates the selected tool (T..) and the tool offset (D. . .).
TO: Command for deselection of the active tool
Example
Program code Comment
N10 T1 M6 ; Loading of tool T1.
N20 D1 ; Selection of tool length offset.
N30 Gl X10 ... ; Machining with T1.
N70 T5 ; Preselection of tool T5.
N8O ... ; Machining with T1.
N100 M6 ; Loading of tool T5.
N110 D1 Gl X10 ... ; Machining with tool T5.
5.2 Tool change with tool management (option)

Tool management

The optional "Tool management" function ensures that at any given time the correct tool is in
the correct location and that the data assigned to the tool are up to date. It also allows fast tool
changes and avoids both scrap by monitoring the tool service life and machine downtimes by

using spare tools.

Fundamentals
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5.2 Tool change with fool management (option)

Tool name
On a machine tool with active tool management, the tools must be assigned a name and
number for clear identification (e.g. "Drill", "3").
The tool call can then be via the tool name, e.g.
T="Drill"
Note
The tool name may not contain any special characters.
5.2.1 Tool change with T command with active tool management (option)
There is a direct tool change when the T command is programmed.
Application
For turning machines with circular magazine.
Syntax
Tool selection:
T=<location>
T=<name>
T<n>=<location>
T<n>=<name>
Tool deselection:
TO
Meaning
T=: Command for tool change and activation of the tool offset
The following specifications are possible:
<location>: | Number of the magazine location
<name>: Name of tool
Note:
The correct notation (uppercase/lowercase) must be used when pro-
gramming a tool name.
<n>: Spindle number as address extension
Note:
The possibility of programming a spindle number as an address extension depends on
the configuration of the machine; » see machine manufacturer's specifications.
TO: Command for the tool deselection (magazine location not occupied)

Fundamentals
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5.2 Tool change with fool management (option)

Note

If the selected magazine location is not occupied in a tool magazine, the command acts as for
T0. The selection of the next occupied magazine location can be used to position the empty
location.

Example

A circular magazine has locations 1 to 20 with the following tool assignment:

Location Tool Tool group State

1 Drill, duplo no. =1 T15 Blocked
2 Not occupied

3 Drill, duplo no. =2 T10 Enabled
4 Drill, duplo no. =3 T Active
5..20 Not occupied

The following tool call is programmed in the NC program:
N10 T=1

The call is processed as follows:
1. Magazine location 1 is considered and the tool identifier determined.

2. The tool management recognizes that this tool is blocked and therefore cannot be used.

Fundamentals
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5.2 Tool change with fool management (option)

5.2.2

Application

Syntax

Meaning

56

3. Atool search for T="drill" is initiated in accordance with the search method set:
"Find the active tool; or else, select the one with the next highest duplo number."

4. The following usable tool is then found:
"Drill", duplo no. 3 (at magazine location 4)
This completes the tool selection process and the tool change is initiated.

Note

If the "Select the first available tool from the group" search method is employed, the
sequence must first be defined within the tool group being loaded. In this case group T10
is loaded, as T15 is blocked.

When the strategy "Take the first tool with "active" status from the group" is applied, T1 is

loaded.

Tool change with M6 with active tool management (option)

The tool is selected when the T command is programmed. The tool only becomes active with

M6 (including tool offset).

For milling machines with chain, rotary-plate or box magazines.

Tool selection:
T=<location>
T=<name>
T<n>=<location>
T<n>=<name>

Tool change:
M6

Tool deselection:
TO

T=: Command for the tool selection
The following specifications are possible:

<location>:

Number of the magazine location

<name>:

Name of tool

Note:
The correct notation (uppercase/lowercase) must be used when pro-
gramming a tool name.

Fundamentals
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5.3 Behavior with faulty T programming

<n>:

Spindle number as address extension

Note:
The possibility of programming a spindle number as an address extension depends on
the configuration of the machine; » see machine manufacturer's specifications.

Mé6:

M function for the tool change (according to DIN 66025)
M6 activates the selected tool (T...) and the tool offset (D. . .).

TO:

Command for the tool deselection (magazine location not occupied)

Note

If the selected magazine location is not occupied in a tool magazine, the command acts as for
T0. The selection of the next occupied magazine location can be used to position the empty
location.

Example
Program code Comment
N10 T=1 M6 ; Loading of the tool from magazine location 1.
N20 D1 ; Selection of tool length offset.
N30 G1 X10 ... ; Machining with tool T=1.
N70 T="Drill" ; Preselection of the tool with name "Drill".
N8O ... ; Machining with tool T=1.
N100 M6 ; Loading of the drill.
N140 D1 G1 X10 ... ; Machining with drill.
5.3 Behavior with faulty T programming

The behavior with faulty T programming depends on the configuration of the machine:

MD22562 TOOL_CHANGE_ERROR_MODE

Bit

Value

Meaning

7

0

Basic setting!

With the T programming, a check is made immediately as to whether the NCK recog-
nizes the T number. If not, an alarm is triggered.

The programmed T number will only be checked following D selection. If the NCK does
not recognize the tool number, an alarm is issued during D selection.

This response is desirable if, for example, tool programming is also intended to achieve
positioning and the tool data is not necessarily available (circular magazine).

Fundamentals
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5.3 Behavior with faulty T programming

58

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Tool offsets

6.1

General information about the tool offsets

Workpiece dimensions are programmed directly (e.g. according to the production drawing).
Therefore, tool data such as milling tool diameter, cutting edge position of the turning tool
(counterclockwise/clockwise turning tool) and tool length does not have to be taken into
consideration when creating the program.

The control corrects the travel path

6.2

Fundamentals

When machining a workpiece, the tool paths are controlled according to the tool geometry
such that the programmed contour can be machined using any tool.

In order that the control can calculate the tool paths, the tool data must be entered in the tool
compensation memory of the control. Only the required tool (T. . .) and the required offset
data record (D. . .) are called via the NC program.

While the program is being processed, the control fetches the offset data it requires from the
tool compensation memory and corrects the tool path individually for different tools:

Programmed contour

/

S/

= - s —

Corrected tool path

Tool length compensation

The tool length compensation compensates for the differences in length between the tools
used.

The tool length is the distance between the toolholder reference point and the tool tip:
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6.3 Tool radius compensation

6.3

60

This length is measured and entered in the tool compensation memory of the control together
with definable wear values. From this data, the control calculates the traversing movements
in the infeed direction.

Note

The offset value for the tool length is dependent upon the spatial orientation of the tool.

Tool radius compensation

The contour and tool path are not identical. The milling tool or cutting edge center must travel
along a path corresponding to the tool radius that is equidistant from the contour (tool center
path). To do this, while executing the program, the control shifts the programmed tool center
point path — based on the tool radius of the active tool — so that the tool cutting edge precisely
traverses along the programmed contour.

The tool radius compensation is described in detail in Section "Tool radius compensation
(Page 245)".

Fundamentals
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See also

6.4

Tool type

6.4 Tool compensation memory

2 1/2 D tool offset (CUT2D, CUT2DD, CUT2DF, CUT2DED) (Page 283)

Tool compensation memory

The following data must be available in the tool compensation memory of the controller for
each tool edge:

e Tool type
® (Cutting edge position
® Tool geometry variables (length, radius)

This data is entered as tool parameters (max. 25). Which parameters are required for a tool
depends on the tool type. Any tool parameters that are not required must be set to "zero"
(corresponds to the default setting of the system).

Note

Values that have been entered once in the compensation memory are included in the
processing at each tool call.

The tool type (drill, milling or turning tool) determines which geometry data is necessary and
how this is taken into account.

Cutting edge position

Fundamentals

The cutting edge position describes the position of the tool tip P in relation to the cutting edge
center point S.

The cutting edge position is required together with the cutting edge radius for the calculation
of the tool radius compensation for turning tools (tool type 5xx).
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6.4 Tool compensation memory

F
P = tool tip
R = radius
S = cutting edge
center point
Y
Tool geometry variables (length, radius)
F
Ve
=
2
3

Radius

The tool geometry variables consist of several components (geometry, wear). The controller
computes the components to a certain dimension (e.g. overall length 1, total radius). The
respective overall dimension becomes effective when the compensation memory is activated.

How these values are calculated in the axes is determined by the tool type and the current
plane (G17/G18/G19).

References

Function Manual, Basic Functions; Tool Offsets (W1); Section "Tool edge"
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6.5 Tool types

6.5 Tool types

6.5.1 General information about the tool types

Tools are divided into tool types. Each tool type is assigned a 3-digit number. The first digit
assigns the tool type to one of the following groups depending on the technology used:

Tool type Tool group

1xy Milling tools (Page 63)

2xy Drills (Page 65)

3xy Reserved

4xy Grinding tools (Page 66)

5xy Turning tools (Page 67)

6xy Reserved

7xy Special tools (Page 69) such as a slotting saw
6.5.2 Milling tools

The following tool types are available in the "Milling tools" group:

100 Milling tool according to CLDATA (Cutter Location Data)

110 Ballhead cutter (cylindrical die milling tool)

111 Ballhead cutter (tapered die milling tool)

120 End mill (without corner rounding)

121 End mill (with corner rounding)

130 Angle head cutter (without corner rounding)

131 Angle head cutter (with corner rounding)

140 Facing tool

145 Thread cutter

150 Side mill

151 Saw

155 Bevel cutter (without corner rounding)

156 Bevel cutter (with corner rounding)

157 Tapered die milling tool

160 Drill and thread milling cutter

Fundamentals
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6.5 Tool types

Tool parameters

The following figures provide an overview of which tool parameters (DP...) for milling tools are
entered in the compensation memory:

Entries in
tool parameters F F

DP1 [1xy
DP3 [Geometry length 1 _@

Length 1

Length 1 Adapter

DP6 |Geometry radius

Length 1 Total

DP21[Adapter length

F-Reference point adapter (with tool
inserted=toolholder reference point)

Wear values Effect
as required Length 1inZ
G17| Radius in X/Y .
Py F’-Toolholder
o .| Leng in reference point
Set remaining G18: Radius in Z/X P
values to 0 G1g:| Length 1in X
‘| Radiusin Y/Z

A fixed assignment is possible for G17, G18, G19
e.g. length1=X, length2=2, length3=Y (see /FB1/W1 Tool compens.)
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Entries in Tpol ba§e } '
tool parameters dimension }

length 2 =
DP1 [ 1xy 9 | )—g Dm N
\ ool base Soc
DP3 |Geometry length 1 } dimension 255
length 3 2=l
DP6 ‘Geometry radius | @ 0N—m o

DP22 [Base length 2 F - Toolholder reference point

DP23 Base length 3
M Radius

\
[
DP21 |Base length 1 } F’- Toolholder reference point
\
|

Effect

G17: |Length 1inZ Z |
Length2inY

Length 3 in X /
Radius/TRC in X/Y X

T

Wear values acc. to G18: [Length1inY Y
requirements Length 2 in X
Length 3in Z

o Radius/TRC in Z/X Z
Set remaining

values to 0 G19: [Length 1in X X
Length 2inZ
Length3inY
Radius/TRC in Y/Z Y

A fixed assignment is possible for G17, G18, G19
e.g. length 1=X, length 2=Y, length 3=Z (see /FB1/W1 Tool compensation)

6.5 Tool types

Note

Brief description of the tool parameters can be found on the user interface.

For further information, see:
References:
Function Manual, Basic Functions; Tool Offset (W1)

6.5.3 Drills

The following tool types are available in the "Drills" group:
200 Twist drill

205 Drill

210 Boring bar

220 Center drill

230 Countersink

231 Counterbore

240 Tap regular thread

241 Tap fine thread

Fundamentals
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6.5 Tool types

242 Tap Whitworth thread
250 Reamer

Tool parameters

The following figure provides an overview of which tool parameters (DP...) for drills are entered
in the compensation memory:

Entries in
tool parameters

DP1 ] 2xy

DP3 [ Length 1

Length 1

Wear values
as required

Effect

G17: [Length 1inZ F - Toolholder

ini reference point
SR NI G18: | Length1inY g
values to 0

G19: | Length 1in X

Note
Brief description of the tool parameters can be found on the user interface.

For further information, see:
References:
Function Manual, Basic Functions; Tool Offset (W1)

6.5.4 Grinding tools
The following tool types are available in the "Grinding tools" group:
400 Surface grinding wheel
401 Surface grinding wheel with monitoring
402 Surface grinding wheel without monitoring without base dimension (TOOLMAN)
403 Surface grinding wheel with monitoring without base dimension for grinding wheel periph-
eral speed GWPS
410 Facing wheel
411 Facing wheel (TOOLMAN) with monitoring
412 Facing wheel (TOOLMAN) without monitoring
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6.5 Tool types

413 Facing wheel with monitoring without base dimension for grinding wheel peripheral speed
GWPS
490 Dresser

Tool parameters

The following figure provides an overview of which tool parameters (DP...) for grinding tools
are entered in the compensation memory:

Entries in the tool

parameters TPG1 |Spindle number
DP1 403 TPG2 |Chaining rule
DP2 Position *| TPG3 | Minimum wheel radius
DP3 Length 1 | TPG4 |Min. wheel width
DP4 Length 2 | TPG5 |Actual wheel width
DP6 Radius TPG6 |Maximum speed
TPG7 |[Max. peripheral speed
* Tool nose position TPG8 |Angle of the inclined wheel
Wear values TPG9 |Parameter No. for radius calculation
correspond to the
requirement F: Tool carrier reference point
Other values should
be setto 0
Effect
G17: Length 1inY
Length 2 in X 7
Radius in X/Y |
|~ bl‘_
G18: Length 1in X & |§’ 2 %
Length 2inZ 815 %Ig
Radius in Z/X s-
G19: Length 1inZ : ‘
Length 2inY |¢>M2
Radius in Y/Z Geometry
Length 2
Note

Brief description of the tool parameters can be found on the user interface.

For further information, see:
References:
Function Manual, Basic Functions; Tool Offset (W1)

6.5.5 Turning tools
The following tool types are available in the "Turning tools" group:
500 Roughing tool
510 Finishing tool
520 Plunge cutter
530 Parting tool
540 Threading tool

Fundamentals
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6.5 Tool types

Tool parameters

68

550 Button tool / forming tool (TOOLMAN)
560 Rotary drill (ECOCUT)
580 Probe with cutting edge position parameters

The following figures provide an overview of which tool parameters (DP...) for turning tools are

entered in the compensation memory:

Turning tool
e.g. G18: Z/X plane

F - Toolholder reference point

A X
F
\;69 )
3
<
i)
=
Q
- R - radius of tool nose
(tool radius)
' J S - position of tool nose center
N Length 2 (2)
Tool tip P
(tool edge 1 = Dn) -

The tool parameter DP2 specifies the length of the tool nose.
Position value 1 to 9 possible.

x Tool nose position DP2

Parameters length 1, length 2 refer to the
point with tool nose position 1-8; but to S

(S=P) with 9
Entries in W | Effect
tool parameters ear values :
i Length 1inY
DP1_| 5xy as required G17 angth 2 in X
b2 {19 - Length 1 in X
DP3 | Length 1 Set remaining G184 ength 2 in Z
DP4 |Length 2 values to 0 :
G19,Length 1 in A
DP6 [Radius | Length 2in Y

Fundamentals
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6.5 Tool types

Note
Brief description of the tool parameters can be found on the user interface.

For further information, see:
References:
Function Manual, Basic Functions; Tool Offset (W1)

6.5.6 Special tools
The following tool types are available in the "Special tools" group:
700 Slotting saw
710 3D probe
711 Edge probe
730 Stop

Tool parameters

The following figure provides an overview of which tool parameters (DP...) for "Slotting saw"
tool type are entered in the compensation memory:

o Slot width b
Entries in : .,
tool parameters Tool base dimension
Length 2 ‘
DPS‘Base length 1
Excess dim

DP4 ‘Base length 2

Kk —

z
\

DP6 ‘Geometry diameter

=l
ks
LT e T
o .9 £
DP7 ‘Geometry zerowidth | | ———— o |3
Hl Jo a
DP8 ‘Geometry overshoot -_%
©
2]
®
Qo
°
o
= v
Wear values
as required Effect
G17] Half diameter (L1) in X Plane selection
Excess dim. in (L2) Y 1st-2nd axis (X-Y)
Set remaining Saw blade in (R) X/Y
values to 0

G18] Half diameter (L1) in Y Plane selection
Excess dim. in (L2) X 1st-2nd axis (X-Z)
Saw blade in (R) Z/X

G19] Half diameter (L1) in Z Plane selection
Excess dim. in (L2) Z 1st-2nd axis (Y-Z)
Saw blade in (R) Y/Z

Fundamentals
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6.6 Tool offset call (D)

6.5.7

References

6.6

Syntax

70

Note
Brief description of the tool parameters can be found on the user interface.

For further information, see:
References:
Function Manual, Basic Functions; Tool Offset (W1)

Chaining rule

The geometry tool length compensations, wear and base dimension can be chained for both
the left and the right tool nose radius compensation, i.e. if the tool length compensations are
changed for the left cutting edge, then the values are also automatically entered for the right
cutting edge and vice versa.

Function Manual, Extended Functions; Grinding (W4)

Tool offset call (D)

Cutting edges 1 to 8 (with active tool management 12) of a tool can be assigned different tool
offset data blocks (e.g. different offset values for the left and right cutting edge of a grooving
tool).

Activation of the offset data (including the data for the tool length offset) of a special cutting
edge is performed by calling the D number. When DO is programmed, offsets for the tool have
no effect.

A tool radius compensation must also be activated via G41/G42.

Note

Tool length offsets take immediate effect when the D number is programmed. If no D number
is programmed, the default setting defined via the machine data is active for a tool change
(-» see machine manufacturer's specifications).

Activation of a tool offset data block:
D<number>

Activate the tool radius compensation:
G41

G42

Deactivation of the tool offsets:
DO

Fundamentals
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6.6 Tool offset call (D)

G40
Meaning

D: Command for the activation of an offset data block for the active tool
The tool length offset is applied with the first programmed traverse of the associated
length compensation axis.
Notice:
A tool length offset can also take effect without D programming, when the automatic
activation of a tool edge has been configured for the tool change (- see machine
manufacturer's specifications).

<number>: The tool offset data block to be activated is specified via the <number> parameter.
The type of D programming depends on the configuration of the machine (see para-
graph "Type of D programming").
Range of values: | 0 - 32000

DO: Command for the deactivation of the offset data block for the active tool

G41l: Command for the activation of the tool radius compensation with machining direction
left of the contour

G42: Command for the activation of the tool radius compensation with machining direction
right of the contour

G40: Command for the deactivation of the tool radius compensation

Note

The tool radius compensation is described in detail in the "Tool radius compensation" section.

Type of D programming
The type of D programming is defined via machine data.
This can be done as follows:

® D number = cutting edge number
D numbers ranging from 1 to max. 12 are available for every tool T<number> or T="Name"
(with TOOLMAN). These D numbers are assigned directly to the tool cutting edges. An
offset data block ($TC_DPx][t,d]) belongs to each D number (= cutting edge number).

® Free selection of D numbers
The D numbers can be freely assigned to the cutting edge numbers of a tool. The upper
limit for the D numbers that can be used is limited by a machine data.

® Absolute D number without reference to the T number
Independence between D number and T number can be selected in systems without tool
management. The reference of T number, cutting edge and offset by the D number is
defined by the user. The range of D numbers is between 1 and 32000.

References:
Function Manual, Basic Functions; Tool Offset (W1),
Function Manual, Tool Management, Section: "Variants of D-number assignments”
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6.7 Change in the tool offset data

Examples
Example 1: Tool change with T command (turning)
Program code Comment
N10 T1 D1 ; Load tool Tl and activate tool offset data block D1 of TI.
N1l GO X... Z... ; The tool length offsets are applied.
N50 T4 D2 ; Load tool T4 and activate tool offset data block D2 of T4.
N70 GO Z... D1 ; Activate other cutting edge D1 for tool T4.
Example 2: Different offset values for the left and right cutting edge of a grooving tool
N10 T2 |
N20 GO X35 Z-20 |
N30G1  D1X10 |
N40.. D675 |
A x
J v X\
v >
-20 -5 z
6.7 Change in the tool offset data
Effectiveness

A change in the tool offset data takes effect the next time the T or D number is programmed.
Set tool offset data to be active immediately

The following machine data can be used to specify that entered tool offset data takes effect
immediately:
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6.8

Syntax

Fundamentals

6.8 Programmable tool offset (TOFFL, TOFF, TOFFR)

MD9440 SMM_ACTIVATE_SEL_USER

/I\ WARNING
Risk of collision

If MD9440 is set, tool offsets resulting from changes in tool offset data during the part program
stop, are applied when the part program is continued.

Programmable tool offset (TOFFL, TOFF, TOFFR)

The user can use the commands TOFFL/TOFF and TOFFR to modify the effective tool length
or the effective tool radius in the NC program, without changing the tool offset data stored in
the compensation memory.

These programmed offsets are deleted again at the end of the program.

Tool length offset

Depending on the type of programming, programmed tool length offsets are assigned either
to the tool length components L1, L2 and L3 (TOFFL) stored in the compensation memory or
to the geometry axes (TOFF). The programmed offsets are treated accordingly for a plane
change (G17/G18/G19 « G17/G18/G19):

o |[f the offset values are assigned to the tool length components, the directions in which the
programmed offsets apply are replaced accordingly.

e If the offset values are assigned to the geometry axes, a plane change does not effect the
assignment in relation to the coordinate axes.

Tool radius offset

The command TOFFR is available for the programming of a tool radius offset.

Tool length offset:
TOFFL=<value>

TOFFL[1l]=<value>
TOFFL[2]=<value>
TOFFL[3]=<value>
TOFF [<geometry axis>]=<value>

Tool radius offset:
TOFFR=<value>
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6.8 Programmable fool offset (TOFFL, TOFF,

Meaning

TOFFR)

TOFFL:

Command for the compensation of the effective tool length

TOFFL can be programmed with or without index:

e Without index: TOFFL=
The programmed offset value is applied in the same direction as the
tool length component L1 stored in the compensation memory.

® With index: TOFFL[1]=, TOFFL[2]=o0r TOFFL[3]=
The programmed offset value acts in the same direction as the tool
length component L1, L2 or L3 L3 stored in the offset memory.

The commands TOFFL and TOFFL[1] have an identical effect.

Note:
How these tool length offset values are calculated in the axes is deter-
mined by the tool type and the current working plane (G17/G18/G19).

TOFF:

Command for the compensation of the tool length in the component par-
allel to the specified geometry axis

TOFF is applied in the direction of the tool length component which is
effective with non-rotated tool (orientable toolholder or orientation trans-
formation) parallel to the <geometry axis> specified in the index.

Note:

A frame does not influence the assignment of the programmed values to
the tool length components, i.e. the workpiece coordinate system (WCS)
is not used for the assignment of the tool length components to the ge-
ometry axes, but rather the tool in the basic tool position.

<geometry axis>:

Identifier of the geometry axis

TOFFR:

Command for the compensation of the effective tool radius

TOFFR changes the effective tool radius with active tool radius compen-
sation by the programmed offset value.

<value>:

Offset value for the tool length or radius

Type: | REAL

Note

The TOFFR command has almost the same effect as the OFFN command (see "Tool radius.
compensation (Page 245)"). There is only a difference with active peripheral curve
transformation (TRACYL) and active slot side compensation. In this case, the tool radius is
affected by OFFN with a negative sign, but by TOFFR with a positive sign.

OFFN and TOFFER can be effective simultaneously. They then generally have an additive effect
(except for slot side compensation).
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6.8 Programmable tool offset (TOFFL, TOFF, TOFFR)

Further syntax rules

® The tool length can be changed simultaneously in all three components. However,
commands of the TOFFL/TOFFL[1..3] group and commands of the TOFF [<geometry
axis>] may not be used simultaneously in one block.
TOFFL and TOFFL[1] may also not be written simultaneously in one block.

e |f all three tool length components are not programmed in a block, the components not
programmed remain unchanged. In this way, it is possible to build up offsets for several
components block-by-block. However, this only applies as long as the tool components
have been modified either only with TOFFL or only with TOFF. Changing the programming
type from TOFFL to TOFF or vice versa deletes any previously programmed tool length
offsets (see example 3).

Supplementary conditions

Examples

Fundamentals

e Evaluation of setting data
The following setting data is evaluated when assigning the programmed offset values to
the tool length components:
SD42940 $SC_TOOL_LENGTH_CONST (change of tool length components on change of
planes).
SD42950 $SC_TOOL_LENGTH_TYPE (assignment of the tool length offset independent
of tool type).
If this setting data has valid values not equal to 0, then these take preference over the
contents of G code group 6 (plane selection G17 - G19) or the tool type ($TC_DP1[<T no.>,
<D no.>]) contained in the tool data, i.e. this setting data influences the evaluation of the
offsets in the same way as the tool length components L1 to L3.

® Tool change
All offset values are retained during a tool change (cutting edge change), e.g. they are also
effective for the new tool (new cutting edge).

Example 1: Positive tool length offset
The active tool is a drill with length L1 = 100 mm.
The active plane is G17, i.e. the drill points in the Z direction.

The effective drill length is to be increased by 1 mm. The following variants are available for
the programming of this tool length offset:
TOFFL=1

or
TOFFL[1]=1

or
TOFF[Z]=1

Example 2: Negative tool length offset
The active tool is a drill with length L1 = 100 mm.

The active plane is G18, i.e. the drill points in the Y direction.
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6.8 Programmable tool offset (TOFFL, TOFF, TOFFR)

The effective drill length is to be decreased by 1 mm. The following variants are available for

the programming of this tool length offset:
TOFFL=-1

or
TOFFL[1]=-1

or
TOFF[Y]=1

Example 3: Changing the programming type from TOFFL to TOFF
The active tool is a milling tool. The active plane is G17.

Program code Comment

N10 TOFFL[1]=3 TOFFL[3]=5 ; Effective offsets: L1=3, L2=0, L3=5
N20 TOFFL[2]=4 ; Effective offsets: L1=3, L2=4, L3=5
N30 TOFF([Z]=1.3 ; Effective offsets: L1=0, L2=0, L3=1.3

Example 4: Plane change

Program code Comment

N10 S$TC DP1[1,1]=120
N20 $TC DP3[1,1]= 100 ; Tool length L1=100 mm.
N30 T1 D1 G17

N40 TOFF[Z]=1.0 ; Offset in Z direction (corresponds to L1 for G17).
N50 GO X0 YO 70 ; Machine axis position X0 YO Z101.

N6O G18 GO X0 YO ZO. ; Machine axis position X0 Y100 Z1.

N70 G17

N80 TOFFL=1.0 ; Offset in L1 direction (corresponds to Z for G17).
N90 GO X0 YO Z0 ; Machine axis position X0 YO0 Z101.

N100 G18 GO X0 YO ZO ; Machine axis position X0 Y101 ZO.

In this example, the offset of 1 mm in the Z axis is retained when changing to G18 in block
N60; the effective tool length in the Y axis is the unchanged tool length of 100 mm.

However, in block N100, the offset is effective in the Y axis when changing to G18 as it was
assigned to tool length L1 in the programming and this length component is effective in the Y
axis with G18.

Further information

76

Applications

The "Programmable tool offset" function is especially interesting for ball mills and milling tools
with corner radii as these are often calculated in the CAM system to the ball center instead of
the ball tip. However, generally the tool tip is measured when measuring the tool and stored
as tool length in the compensation memory.

System variables for reading the current offset values

Fundamentals
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6.8 Programmable tool offset (TOFFL, TOFF, TOFFR)

The currently effective offsets can be read with the following system variables:

System variable

Meaning

$P_TOFFL [<n>]

with0<sn<3

Reads the current offset value of TOFFL (for
n=0)or TOFFL[1...3] (forn=1,2, 3)inthe
preprocessing context.

$P_TOFF [<geometry axis>]

Reads the current offset value of
TOFF [<geometry axis>] inthe preprocess-
ing context.

$P_TOFFR

Reads the current offset value of TOFFR in the
preprocessing context.

$AC_TOFFL[<n>]

with0sn<3

Reads the current offset value of TOFFL (for
n=0)or TOFFL[1...3] (forn=1,2, 3)inthe
main run context (synchronized actions).

$AC_TOFF[<geometry axis>]

Reads the current offset value of
TOFF [<geometry axis>] inthe main run
context (synchronized actions).

$AC_TOFFR

Reads the current offset value of TOFFR in the
main run context (synchronized actions).

Note

The system variables $AC_TOFFL, $AC_TOFF and AC_TOFFR trigger an automatic
preprocessing stop when reading from the preprocessing context (NC program).

Fundamentals
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6.8 Programmable ftool offset (TOFFL, TOFF, TOFFR)

78

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Spindle motion 7

71 Spindle speed (S), spindle direction of rotation (M3, M4, M5)

The spindle speed and direction of rotation values set the spindle in rotary motion and provide
the conditions for chip removal.

3. DA

Figure 7-1 Spindle motion during turning

Other spindles may be available in addition to the main spindle (e.g. the counterspindle or an
actuated tool on turning machines). As a rule, the main spindle is declared the master spindle
in the machine data. This assignment can be changed using an NC command.

Syntax
S.../S<n>=...
M3/ M<n>=3
M4 [ M<n>=4

M5 [/ M<n>=5

SETMS (<
n>)

SETMS

Fundamentals
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7.1 Spindle speed (S), spindle direction of rotation (M3, M4, M5)

Meaning

Example

80

S... Spindle speed in rpm for the master spindle
S<n>=...: Spindle speed in rpm for spindle <n>
Note:
The speed specified with s0=... applies to the master spindle
M3: Direction of spindle rotation clockwise for master spindle
M<n>=3: Spindle direction of rotation clockwise for spindle <n>
M4: Direction of spindle rotation counter-clockwise for master spindle
M<n>=4: Spindle direction of rotation counter-clockwise for spindle <n>
M5: Spindle stop for master spindle
M<n>=5: Spindle stop for spindle <n>
SETMS (<n>): Set spindle <n> as master spindle
SETMS: If SETMS is programmed without a spindle name, the configured master spindle
is used instead.
Note

Up to three S-values can be programmed per NC block, e.g.:

S... S2=... S3=...

Note

SETMS must be in a separate block.

S1 is the master spindle, S2 is the second spindle. The part is to be machined from two sides.
To do this, it is necessary to divide the operations into steps. After the cut-off point, the
synchronizing device (S2) takes over machining of the workpiece after the cut off. To do this,
this spindle S2 is defined as the master spindle to which G95 then applies.

Fundamentals
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7.1 Spindle speed (S), spindle direction of rotation (M3, M4, M5)

Program code Comment

N10 S300 M3 ; Speed and direction of rotation for drive spindle = pre-
set master spindle.

; Machining of the right-hand workpiece side.
N100 SETMS (2) ; S2 is now the master spindle.
N110 S400 G95 F.. ; Speed for new master spindle.

; Machining of the left-hand workpiece side.

N160 SETMS ; Switching back to master spindle S1.

Further information
Interpretation of the S-value for the master spindle

If function G331 or G332 is active in G function group 1 (modally valid motion commands), the
programmed S-value will always be interpreted as the speed in rpm. Otherwise, the
interpretation of the S-value will depend upon G function group 15 (feedrate type): If G96,
G961 or G962 is active, the S-value is interpreted as a constant cutting rate in m/min; otherwise,
it is interpreted as a speed in rpm.

Changing from G96/G961/G962 to G331/G332 sets the value of the constant cutting rate to
zero; changing from G331/G332 to a function within the G function group 1 other than G331/
G332 sets the speed value to zero. The corresponding S-values have to be reprogrammed if
required.

Preset M commands M3, M4, M5

In a block with axis commands, functions M3, M4, M5 are activated before the axis movements
commence (basic setting on the control).

Example:

Program code Comment

N10 Gl F500 X70 Y20 S270 M3 ; The spindle ramps up to 270 rpm and the move-
ments then executed in X and Y.

N100 GO Z150 M5 ; Spindle stop before the retraction movement
in Z.

Note

Machine data can be used to set when axis movements should be executed; either once the
spindle has powered up to the setpoint speed, or immediately after the programmed switching
operations have been traversed.

Working with multiple spindles

Five spindles (master spindle plus four additional spindles) can be available in one channel at
the same time.

One of the spindles is defined in machine data as the master spindle. Special functions such
as thread cutting, tapping, revolutional feedrate, and dwell time apply to this spindle. For the
remaining spindles (e.g. a second spindle and an actuated tool) the numbers corresponding
to the speed and the direction of rotation / spindle stop must be specified.
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Spindle motion

7.2 Cutting rate (SVC)
Example:
|Program code Comment
N10 S300 M3 S2=780 M2=4 ; Master spindle: 300 rpm, CW rotation

7.2

82

2nd spindle: 780 rpm, CCW rotation

Programmable switchover of master spindle

The SETMS (<n>) command can be used in the NC program to define any spindle as the
master spindle. SETMS must be in a separate block.

Example:

|Program code Comment

|N10 SETMS (2) ; Spindle 2 is now the master spindle.

Note

The speed specified with s. . ., along with the functions programmed with M3, M4, M5, now

apply to the newly declared master spindle.

If SETMS is programmed without a spindle name, the master spindle programmed in the
machine data is used instead.

Cutting rate (SVC)

As an alternative to the spindle speed, the tool cutting rate, which is more commonly used in
practice, can be programmed for milling operations.

Cutting rate

The control uses the radius of the active tool to calculate the effective spindle speed from the program-
med tool cutting rate:

S = (SVC * 1000) / (R * 21)
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Spindle motion

Requirements

Syntax

Meaning

Fundamentals

7.2 Cutting rate (SVC)
with: S: Spindle speed in rpm
SVC: Cutting rate in m/min or ft/min
R+ Radius of the active tool in mm

The tool type ($TC_DP1) of the active tool is not taken into account.

The programmed cutting rate is independent of the path feedrate F and G function group 15.
The direction of rotation and the spindle start are programmed using M3 and M4 respectively
and the spindle stop using M5.

A change to the tool radius data in the offset memory will be applied the next time a tool offset
is selected or the next time the active offset data is updated.

Changing the tool or selecting/deselecting a tool offset data set generates a recalculation of
the effective spindle speed.

The programming of the cutting rate requires:
® The geometric ratios of a rotating tool (milling cutter or drilling tool)

® An active tool offset data set

SVC [<n>]=<value>

Note

In the block with svc, the tool radius must be known; in other words, a corresponding tool
including a tool offset data set must be active or selected in the block. There is no fixed
sequence for svC and T/D selection during programming in the same block.

svc: | Cutting rate

[<n>]: Number of spindle

This address extension specifies which spindle the programmed cutting
rate is to be applied for. In the absence of an address extension, the rate
is always applied to the master spindle.

Note:
A separate cutting rate can be preset for each spindle.

Note:

Programming svc without an address extension requires that the master
spindle has the active tool. If the master spindle changes, the user will need
to select a tool accordingly.

Unit: m/min or ft/min (dependent upon G700/G710)
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7.2 Cutting rate (SVC)

Examples

84

Note
Changing between SVC and S

Changing between svC and s programming is possible at will, even while the spindle is turning.
In each case, the value that is not active is deleted.

Note
Maximum tool speed
System variable $TC_TP_MAX_VELO[<tool number>] can be used to preset a maximum tool

speed (spindle speed).
If no speed limit has been defined, there will be no monitoring.

Note

SVC programming is not possible if the following are active:
® (G96/G961/G962

® GWPS

® SPOS/SPOSA/M19

® M70

Conversely, programming one of these commands will lead to the deselection of svc.

Note

The tool paths of "standard tools" generated, e.g. using CAD systems which already take the
tool radius into account and only contain the deviation from the standard tool in the tool nose
radius, are not supported in conjunction with SVC programming.

The following shall apply to all examples: Toolholder = spindle (for standard milling)

Example 1: Milling cutter 6 mm radius

Program code Comment

N10 GO X10 T1 D1 ; Selection of milling tool with, e.g.
$TC_DP6[1,1] = 6 (tool radius = 6 mm)

N20 SvC=100 M3 ; Cutting rate = 100 m/min

[J Resulting spindle speed:

S = (100 m/min * 1000) / (6.0 mm * 2 * 3.14) =
2653.93 rpm

N30 Gl X50 G95 Fz=0.03 ; SVC and tooth feedrate

Example 2: Tool selection and SVC in the same block

|Program code Comment

|NlO GO0 X20
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7.2 Cutting rate (SVC)

Program code Comment

N20 T1 D1 SVC=100 ; Tool and offset data set selection together with
SVC in block (no specific sequence)

N30 X30 M3 ; Spindle start with CW direction of rotation, cut-
ting rate 100 m/min

N40 G1 X20 FO0.3 G95 ; SVC and revolutional feedrate

Example 3: Defining cutting rates for two spindles

Program code Comment
N10 SVC[3]=100 M6 T1 D1
N20 SVC[5]1=200 ; The tool radius of the active tool offset is the

same for both spindles. The effective speed is dif-
ferent for spindle 3 and spindle 5.

Example 4:

Assumptions:

Master or tool change is determined by the toolholder.

MD20124 $MC_TOOL_MANAGEMENT_TOOLHOLDER > 1

In the event of a tool change the old tool offset is retained. A tool offset for the new tool is only
activated when D is programmed:

MD20270 $MC_CUTTING_EDGE_DEFAULT = - 2

Program code Comment
N10 $TC MPP1[9998,1]=2 ; Magazine location is toolholder
N1l $TC _MPP5[9998,1]1=1 ; Magazine location is toolholder 1

N12 $TC_MPP SP[9998,1]=3
N20 $TC_MPP1[9998,2]=2
N21 $TC_MPP5[9998,2]=4
N22 $TC_MPP SP[9998,2]=6

; Toolholder 1 is assigned to spindle 3
; Magazine location is toolholder
; Magazine location is toolholder 4

; Toolholder 4 is assigned to spindle 6

N100 SETMTH(1)

N130 SETMTH (4)
N140 T="wz8"
N150 M6

Fundamentals

N110 T="wz2" M6 D1
N120 G1 G94 F1000 M3=3 svC=100

N30 $TC TP2[2]="Wz2"

N31 $TC_DP6[2,1]:5.0 ; Radius = 5.0 mm of T2, offset D1
N40 $TC_TP2[8]="WZ8"

N4l $TC DP6[8,1]1=9.0 ; Radius = 9.0 mm of T8, offset D1
N42 $TC_DP6[8,4]:7.0 ; Radius = 7.0 mm of T8, offset D4

; Set master toolholder number

; Tool T2 is loaded and offset D1 is activated.

; S3 = (100 m/min * 1,000) / (5.0 mm * 2 * 3.14) = 3184.71 rpm
; Set master toolholder number

; Corresponds to T8="Wz8"

; Corresponds to M4=6

Tool "WzZ8" is in the master toolholder, but because MD20270=-
2, the old tool offset remains active.
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7.2 Cutting rate (SVC)

Program code

Comment

N160 SvVC=50

N170 D4

N180 SvC=300

Example 5:

Assumptions:

; 83 = (50 m/min * 1,000) / (5.0 mm * 2 * 3.14) = 1592.36 rpm.

The offset applied to toolholder 1 is still active and as-
signed to spindle 3.

; Offset D4 of the new tool "WZ8" becomes active (in tool-
holder 4).

; S6 = (300 m/min * 1,000) / (7.0 mm * 2 * 3.14) = 6824.39 rpm
Spindle 6 is assigned to toolholder 4.

Spindles are toolholders at the same time:

MD20124 $MC_TOOL_MANAGEMENT_TOOLHOLDER =0

In the event of a tool change, tool offset data set D4 is selected automatically.
MD20270 $MC_CUTTING_EDGE_DEFAULT =4

Program code

Comment

N10 $TC MPP1[9998,1]=2
N11 $TC_MPP5[9998,1]1=1
2

N20 $TC MPP1[9998,2]

N21 $TC MPP5[9998,2]=3
N30 $TC TP2[2]="Wz2"
N31 $TC DP6[2,1]=5.0
N40 $TC TP2[8]="WZ8"
N41 $TC DP6([8,1]=9.0

N42 $TC DP6[8,4]1=7.0

N100 SETMS (1)

N110 T="wz2" M6 D1

N120 G1 G94 F1000 M3 svC=100

N200 SETMS (3)
N210 M4 SVC=150

N220 T="wz8"
N230 M4 SVC=200

N240 M6

N250 svC=50

N260 D1
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; Magazine location is toolholder

; Magazine location is toolholder 1 = spindle 1

; Magazine location is toolholder

; Magazine location is toolholder 3 = spindle 3

; Radius = 5.0 mm of T2, offset D1

; Radius = 9.0 mm of T8, offset D1

; Radius = 7.0 mm of T8, offset D4

; Spindle 1 = master spindle

; Tool T2 is loaded and offset D1 is activated.

; S1 = (100 m/min * 1,000) / (5.0 mm * 2 * 3.14) = 3184.71 rpm
; Spindle 3 = master spindle

; S3 = (150 m/min * 1,000) / (5.0 mm * 2 * 3.14) =
4777.07 rpm.

Refers to tool offset D1 of T="WZ2", S1 continues to turn at
previous speed.

; Corresponds to T8="Wz8"

; S3 = (200 m/min * 1,000) / (5.0 mm * 2 * 3.14) =
6369.43 rpm.

Refers to tool offset D1 of T="WzZ2".
; Corresponds to M3=6

Tool "WZz8" is in the master spindle, tool offset D4 of the
new tool becomes active.

; S3 = (50 m/min * 1,000) / (7.0 mm * 2 * 3.14) = 1137.40 rpm.
Offset D4 on master spindle is active.

; Offset D1 of new tool "Wz8" active.
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7.2 Cutting rate (SVC)
Program code Comment
N270 SVC[1]=300 ; S1 = (300 m/min * 1,000) / (9.0 mm * 2 * 3.14) =
5307.86 rpm.
S3 = (50 m/min * 1,000) / (9.0 mm * 2 * 3.14) = 884.64 rpm.

Further information

Fundamentals

Tool radius

The following tool offset data (associated with the active tool) affect the tool radius when:
$TC_DP6 (radius - geometry)

$TC_DP15 (radius - wear)

$TC_SCPx6 (offset for $TC_DP6)

$TC_ECPx6 (offset for $TC_DP6)

The following are not taken into account:

® Online radius compensation
® Allowance on the programmed contour (OFFN)
Tool radius compensation (G41/G42)

Although tool radius compensation (G41/G42)and svcC both refer to the tool radius, with regard
to function, they are not linked and are independent of one another.

Tapping without compensating chuck (G331, G332)

SVC programming is also possible in conjunction with G331 or G332.
Synchronized actions

SVC cannot be programmed from synchronized actions.

Reading the cutting rate and the spindle speed programming variant

The cutting rate of a spindle and the speed programming variant (spindle speed S or cutting
rate svC) can be read using system variables:

e With preprocessing stop in the part program via system variables:

$AC_SVC[<n>] Cutting rate applied when the current main run record for spindle
number <n> was preprocessed.

$AC_S_TYPE[<n>] Spindle speed programming variant applied when the current
main run record for spindle number <n> was preprocessed.

Value: Meaning:
1 Spindle speed S in rpm

2 Cutting rate SVC in m/min or ft/min

e Without preprocessing stop in the part program via system variables:
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7.3 Constant cutting rate (G96/G961/G962, G97/G971/G972, G973, LIMS, SCC)

$P_SVC[<n>] Programmed cutting rate for spindle <n>
$P_S_TYPE[<n>] Programmed spindle speed programming variant for spindle <n>
Value: Meaning:
1 Spindle speed S in rpm
2 Cutting rate SVC in m/min or ft/min
7.3 Constant cutting rate (G96/G961/G962, G97/G971/G972, G973,
LIMS, SCC)

When the "Constant cutting rate" function is active, the spindle speed is modified as a function
of the respective workpiece diameter so that the cutting rate S in m/min or ft/min remains
constant at the tool edge.

Spindle speed
reduced Cutting rate
constant

Spindle speed
increased

This results in the following advantages:
e Uniformity and consequently improved surface quality of turned parts

® Machining with less wear on tools

Syntax

Activating/deactivating constant cutting rate for the master spindle:

G96/G961/G962
S...

G97/G971/G972/
G973

Speed limitation for the master spindle:
LIMS=<value>
LIMS [<spindle>]=<value>
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7.3 Constant cutting rate (G96/G961/G962, G97/G971/G972, G973, LIMS, SCC)

Other reference axis for G96/G961/G962:
SCC[<axis>]

Note

SCC[<axis>] can be programmed together with G96/G961/G962 or in isolation.

Meaning

G96: Constant cutting rate with feedrate type G95: ON

G95 is activated automatically with G96. If G95 has not been activated previously, a
new feedrate value F. . . will have to be specified when G96 is called.

G961: Constant cutting rate with feedrate type G94: ON
G962: Constant cutting rate with feedrate type G94 or G95: ON
Note:

See " Eeedrate (G93, G94, G95, F, FGROUP, FL, FGREF) (Page 95)" for information
about G94 and G95.

S...: In conjunction with G96, G961 or G962, S. . . is not interpreted as a spindle speed but
rather as a cutting rate. The cutting rate is always applied to the master spindle.
Unit: | m/min (for G71/G710) or ft/min (for G70/G700)
Range of values: | 0.1 m/min to 9999 9999.9 m/min
G97: Deactivate constant cutting rate with feedrate type G95
AfterG97 (orG971), S. . . isagain interpreted as a spindle speed in rpm. In the absence
of a new spindle speed being specified, the last speed set with G96 (or G961) is retained.
G971: Deactivate constant cutting rate with feedrate type G94
G972: Deactivate constant cutting rate with feedrate type G94 or G95
G973: Deactivate constant cutting rate without activating spindle speed limitation
LIMS: Speed limitation for the master spindle (only applied if G96/G961/G97 active)

On machines with selectable master spindles, limitations of differing values can be
programmed for up to four spindles within one block.

<spindle>: Number of spindle
<value>: Spindle speed upper limit in rpm
SCC: If any of the G96/G961/G962 functions are active, SCC [<axis>] can be used to assign

any geometry axis as a reference axis.

Note

When G96/G961/G962 is selected for the first time, a constant cutting rate Ss. .. must be
entered; when G96/G961/G962 is selected again, the entry is optional.

Note

The speed limitation programmed with Z.TMS must not exceed the speed limit programmed
with G2 6 or defined in the setting data.
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7.3 Constant cutting rate (G96/G961/G962, G97/G971/G972, G973, LIMS, SCC)

Note

The reference axis for G96/G961 /G962 must be a geometry axis assigned to the channel at
the time when SCC [<axis>] is programmed. SCC [<axis>] can also be programmed when
any of the G96/G961/G962 functions are active.

Examples
Example 1: Activating the constant cutting rate with speed limitation

Program code Comment

N10 SETMS (3)

N20 G96 S100 LIMS=2500 ; Constant cutting rate = 100 m/min,
max. speed = 2,500 rpm

N60 G96 G90 X0 Z10 F8 S100 LIMS=444 ; Max. speed = 444 rpm

Example 2: Defining speed limitation for four spindles

Speed limitations are defined for spindle 1 (master spindle) and spindles 2, 3, and 4:

Program code

N10 LIMS=300 LIMS[2]=450 LIMS[3]=800
LIMS[4]=1500

Example 3: Y-axis assignment for face cutting with X axis

Program code Comment

N10 G18 LIMS=3000 T1 D1 ; Speed limitation at 3000 rpm

N20 GO X100 2200

N30 Z100

N40 G96 S20 M3 ; Constant cutting rate = 20 m/min, is dependent upon
X axis.

N50 GO X80

N60 Gl Fl.2 X34 ; Face cutting in X at 1.2 mm/revolution.

N70 GO G94 X100

N80 Z80

N100 T2 D1

N110 G96 S40 SCC[Y] ; Y axis is assigned to G96 and G96 is activated (can
be achieved in a single block). Constant cutting rate
= 40 m/min, is dependent upon X axis.

N140 Y30

N150 GOl Fl1l.2 Y=27 ; Plunge-cutting in Y, feedrate F = 1.2 mm/revolution.

N160 G97 ; Constant cutting rate off.

N170 GO Y100
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7.3 Constant cutting rate (G96/G961/G962, G97/G971/G972, G973, LIMS, SCC)

Further information
Calculation of the spindle speed

The ENS position of the face axis (radius) is the basis for calculating the spindle speed from
the programmed cutting rate.

Note

Frames between WCS and SZS (e.g. programmable frames such as SCALE, TRANS or ROT)
are taken into account in the calculation of the spindle speed and can bring about a change
in speed (for example, if there is a change in the effective diameter in the case of SCALE).

Speed limitation LIMS

If a workpiece that varies greatly in diameter needs to be machined, it is advisable to specify
a speed limit for the spindle with 1,TMS (maximum spindle speed). This prevents excessively
high speeds with small diameters. L.TMS is only applied when G96, G961, and G97 are active.
LIMS is not applied when G971is selected. On loading the block into the main run, all
programmed values are transferred into the setting data.

Note

The speed limits changed with LIMS in the part program are taken into the setting data and
therefore remain saved after the end of program.

However, if the speed limits changed with 1.IMS are no longer to apply after the end of program,
the following definition must be inserted in the GUD block of the machine manufacturer:

REDEF $SA_SPIND_MAX_VELO_LIMS PRLOC

Deactivating the constant cutting rate (G97/G971/G973)

After G97/G971, the control interprets an S value as a spindle speed in rpm again. If you do
not specify a new spindle speed, the last speed set with G96/G961 is retained.

The G96/G961 function can also be deactivated with G94 or G95. In this case, the last speed
programmed S. . . is used for subsequent machining operations.

G97 can be programmed without G96 beforehand. The function then has the same effect as
G95; LIMS can also be programmed.

Using G973, the constant cutting rate can be deactivated without activating a spindle speed
limitation.

Note

The transverse axis must be defined in machine data.

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

Exception:

Fundamentals
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92

If the contour is approached in rapid traverse and the next NC block contains a G1/G2/G3/etc.
path command, the speed is adjusted in the GO approach block for the next path command.

Other reference axis for G96/G961/G962

If any of the G96/G961/G962 functions are active, SCC[<axis>] can be used to assign any
geometry axis as a reference axis. If the reference axis changes, which will in turn affect the
TCP (tool center point) reference position for the constant cutting rate, the resulting spindle
speed will be reached via the set braking or acceleration ramp.

Axis replacement of the assigned channel axis

The reference axis property for G96/G961/G962 is always assigned to a geometry axis. In the
event of an axis exchange involving the assigned channel axis, the reference axis property for
G96/G961/G962 is retained in the old channel.

A geometry axis exchange will not affect how the geometry axis is assigned to the constant
cutting rate. If the TCP reference position for G96/G961/G962 is affected by a geometry axis
exchange, the spindle will reach the new speed via a ramp.

If no new channel axis is assigned as a result of a geometry axis exchange (e.g.
GEOAX (0, X)), the spindle speed will be frozen in accordance with G97.

Examples for geometry axis exchange with assignments of the reference axis:

Program code Comment

NO5 G95 FO.1
N10 GEOAX (1, X1) ; Channel axis X1 becomes the first geometry axis.
N20 SCC[X] ; First geometry axis (X) becomes the reference axis

; for G96/G961/G962.

N30 GEOAX (1, X2) ; Channel axis X2 becomes the first geometry axis.
N40 G96 M3 S20 ; Reference axis for G96 is channel axis X2.
Program code Comment

NO5 G95 FO.1

N10 GEOAX (1, X1) ; Channel axis X1 becomes the first geometry axis.
N20 SCCI[X1] ; X1 and implicitly the first geometry axis (X) becomes
the reference axis for G96/G961/G962.

N30 GEOAX (1, X2) ; Channel axis X2 becomes the first geometry axis.
N40 G96 M3 S20 ; Reference axis for G96 is X2 or X, no alarm.
Program code Comment

NO5 G95 FO.1

N10 GEOAX (1, X2) ; Channel axis X2 becomes the first geometry axis.
N20 SCC[X1] ; X1 is not a geometry axis, alarm.

Program code Comment

NO5 GO 750

N10 X35 Y30
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7.4 Swifching constant grinding wheel peripheral speed (GWPSON, GWPSOF) on/off:

Program code

Comment

N15
N20
N25
N30
N35

N40

SCC[X]
G96 M3 S20
Gl F1.5 X20

GO Z51
SCC[Y]

Gl F1.2 Y25

References:
Function Manual, Basic Functions; Transverse Axes (P1) and Feedrates (V1)

; Reference axis for G96/G961/G962 is X.
; Constant cutting rate ON at 10 mm/min.

; Face cutting in X at 1.5 mm/revolution.

; Reference axis for G96 is Y,
reduction of spindle speed (Y30).

; Face cutting in Y at 1.2 mm/revolution.

7.4 Switching constant grinding wheel peripheral speed (GWPSON,

GWPSOF) on/off:

With the predefined procedures GWPSON(...) and GWPSOF(...), the constant grinding wheel
peripheral speed (GWPS) for grinding tools (tool type: 400 to 499) is switched on and off.

Switch on the constant grinding wheel peripheral speed

Switch off the constant grinding wheel peripheral speed

T number

Note:

Only required if the constant grinding wheel peripheral speed is to be switch-
ed on or off for an inactive grinding wheel rather than the active grinding
wheel that is currently in use.

Grinding wheel peripheral speed in m/s or ft/s for spindle <n>

Grinding wheel peripheral speed for the master spindle

Syntax
GWPSON (<TNo>)
S<n>=... :
GWPSOF (<TNo>)
Meaning
GWPSON (. ..):
GWPSOF (. ..):
<TNo>:
S<n>=..:
S0=...o0rs...:
Query status

The following system variable can be used to query from the part program whether the constant
grinding wheel peripheral speed is active for a specific spindle.

Fundamentals
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7.5 Programmable spindle speed limitation (G25, G26)

7.5

Syntax

Meaning

Example

94

$P_GWPS[<n>] ; where <n> = spindle number

Value Meaning
0 (= FALSE) GWPS is inactive.
1 (= TRUE) GWPS is active.

Programmable spindle speed limitation (G25, G26)

The minimum and maximum spindle speeds defined in the machine and setting data can be
modified by means of a part program command.

Programmed spindle speed limitations are possible for all spindles of the channel.

G25: Lower spindle speed limit

G26: Upper spindle speed limit

S... Sl=.. S2=.. : Minimum or maximum spindle speed(s)
Note:
A maximum of three spindle speed limits can be programmed for each
block.

Range of values: 0.1 to 9999 9999.9 rpm

Note

A spindle speed limitation programmed with G25 or G2 6 overwrites the speed limits in the
setting data and, therefore, remains stored even after the end of the program.

However, if the speed limits changed with G25/G26 are no longer to apply after the end of
program, the following definitions must be inserted in the GUD block of the machine
manufacturer:

REDEF $SA_SPIND_MIN_VELO_G25 PRLOC
REDEF $SA_SPIND_MAX_VELO_G26 PRLOC

| Program code Comment
N10 G26 S1400 S2=350 S3=600 ; Upper speed limit for master spindle, spindle 2 and
spindle 3.
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8.1

Syntax

Meaning

Examples

Fundamentals

Feedrate (G93, G94, G95, F, FGROUP, FL, FGREF)

These commands are used in the NC program to set the feedrates for all axes involved in the
machining sequence.

G993

G94

G95

F<value>

FGROUP (<axis 1>,<axis 2>,...)

FGREF [<rotary axis>]=<reference radius>
FL[<axis>]=<value>

G93: Path feed type: Inverse-time feedrate [rpm]

G94: Path feed type: Linear feedrate [mm/min], [inch/min] or [degrees/min]

G95: Path feed type: Revolutional feedrate [mm/revolution] or [inch/revolution]
The revolutional feedrate can be derived from a master spindle, any other spindle or a
rotary axis.

F<value> Path feedrate for all or the path axes selected with FGROUP.

FGROUP: Definition of the path axes to which the F-programmed path feed refers

FGREF: FGREF is used to program the effective radius (<reference radius>) for each of

the rotary axes specified under FGROUP

FL: Limit velocity for synchronized/path axes
The unit set with G94 applies

One FL value can be programmed per axis (channel axes, geometry axis or orientation
axis)

<axis>: Name of a channel axis, type: AXIS

Example 1: Mode of operation of FGROUP

The following example is intended to demonstrate the effect of FGROUP on the path and path
feedrate. The variable $AC_TIME contains the time of the block start in seconds. It can only
be used in synchronized actions.

| Program code Comment

N100 GO X0 A0
N110 FGROUP (X,A)
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Program code Comment

N120 G91 G1 G710 F100 ; Feedrate = 100mm/min or 100 degrees/min
N130 DO $Rl:$AC_TIME

N140 X10 ; Feedrate = 100 mm/min, path = 10 mm, R1
= approx. 6 s

N150 DO SR2=$AC_ TIME

N160 X10 A10 ; Feedrate = 100 mm/min, path = 14.14 mm,
R2 = approx. 8 s

N170 DO $R3=SAC_TIME

N180 AlO0 ; Feedrate = 100 degrees/min, path = 10 de-
grees, R3 = approx. 6 s

N190 DO $R4=$SAC_TIME

N200 X0.001 AlO ; Feedrate = 100 mm/min, path = 10 mm, R4
= approx. 6 s

N210 G700 F100 ; Feedrate = 2540 mm/min or 100 degrees/min
N220 DO $R5=$AC7TIME

N230 X10 ; Feedrate = 2540 mm/min, path = 254 mm, R5
= approx. 6 s

N240 DO $R6=SAC_TIME

N250 X10 Al10 ; Feedrate = 2540 mm/min, path = 254.2 mm,
R6 = approx. 6 s

N260 DO $R7=$AC TIME

N270 AlO0 ; Feedrate = 100 degrees/min, path = 10 de-
grees, R7 = approx. 6 s

N280 DO $R8=SAC_TIME

N290 X0.001 AlO ; Feedrate = 2540 mm/min, path = 10 mm, RS8
= approx. 0.288 s

N300 FGREF[A]=360/(2*S$PI) ; Set 1 degree = 1 inch via the effective
radius

N310 DO SR9=$SAC TIME

N320 X0.001 A10 ; Feedrate = 2540 mm/min, path = 254 mm, R9
= approx. 6 s

N330 M30

Example 2: Traverse synchronized axes with limit speed FL

The path velocity of the path axes is reduced if the synchronized axis Z reaches the limit
velocity.

Program code

N10 GO X0 YO

N20 FGROUP (X)

N30 G1 X1000 Y1000 G94 F1000 FL[Y]=500
N40 Z-50
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8.1 Feedrate (G93, G94, G95, F, FGROUP, FL, FGREF)

Example 3: Helical interpolation
Path axes X and Y traverse with the programmed feedrate, the infeed axis Z is a synchronized

axis.
AY AY
7
L
o
N
V)
S . R
» -
10 X Z
25

Program code Comment

N10 G17 G94 Gl Z0 F500 ; Feed of the tool.

N20 X10 Y20 ; Approach the starting posi-
tion.

N25 FGROUP (X,Y) ; Axes X/Y are path axes, Z is
a synchronized axis.

N30 G2 X10 Y20 Z-15 I15 J0 F1000 FL[Z]=200 ; On the circular path, the
feedrate is 1,000 mm/min, tra-
versing in the Z direction is
synchronized.

N100 FL[Z]=SMA AX VELO LIMIT[O,Z] ; The limit speed is deselec-
ted by reading the speed from
the MD. Read the value from
the MD.

N110 M30 ; End of program

Further information
Feedrate for path axes (F)

The path feedrate is generally composed of the individual speed components of all geometry
axes participating in the movement and refers to the center point of the cutter or the tip of the
turning tool.
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AY

MovementonY ¢

Movement on X

The feedrate is specified under address F. Depending on the default setting in the machine
data, the units of measurement specified with the G commands are either in mm or inch.

One F value can be programmed per NC block. The feedrate unit is defined using one of the
G commands G93/G94/G95. The feedrate F acts only on path axes and remains active until a
new feedrate is programmed. Separators are permitted after the address F.

Examples:

F100orF 100

F.5

F=2*FEED

Feedrate type (G93/G94/G95)

The G commands G93, G94 and G95 are modal. In the event of switching between G93, G94
and G95, the path feedrate value has to be reprogrammed. When machining with rotary axes,
the feedrate can also be specified in degrees/min.

Inverse-time feedrate (G93)

The inverse-time feedrate specifies the time required to execute the motion commands in a
block.

Unit: rpm
Example:
N10 G93 GO1 X100 F2

Means: The programmed path is traversed in 0.5 min.

Fundamentals
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Q G93 X... F2
@

Note

If the path lengths vary greatly from block to block, a new F value should be specified in each
block with G93. When machining with rotary axes, the feedrate can also be specified in degrees/
min.

Feedrate for synchronized axes

The feedrate programmed under address F applies to all the path axes programmed in a block
but not to the synchronized axes. The synchronized axes are controlled such that they require
the same time for their path as the path axes, and all axes reach their end point at the same
time.

Limit velocity for synchronized axes (FL)

The FL. command can be used to program a limit velocity for synchronized axes. In the absence
of a programmed F1, the rapid traverse velocity applies. FL is deselected by assignment to
MD (MD36200 $MA_AX_VELO_LIMIT).

Traverse path axis as synchronized axis (FGROUP)

FGROUP is used to define whether a path axis should be traversed with path feedrate or as a
synchronized axis. In helical interpolation, for example, it is possible to define that only two
geometry axes, X and Y, are to be traversed at the programmed feedrate. The infeed axis Z
is the synchronized axis in this case.

Example: FGROUP (X, Y)
Change FGROUP
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100

The setting made with FGROUP can be changed:
1. By reprogramming FGROUP: €.g. FGROUP (X, Y, 2)

2. By programming FGROUP without a specific axis: FGROUP ()
In accordance with FGROUP (), the initial setting in the machine data applies: Geometry
axes are now once again traversed in the path axis grouping.

Note

With FGROUP, axis identifiers must be the names of channel axes.

Units of measurement for feedrate F

In addition to the geometrical settings G700 and G710, the G commands are also used to
define the measuring system for the feedrates F. In other words:

® For G700: [inch/min]

® For G710: [mm/min]

Note

G70/G71 have no effect on feedrate settings.

Unit of measurement for synchronized axes with limit speed FL
The unit set for F using G command G700/G710 is also valid for FL.
Unit for rotary and linear axes

For linear and rotary axes which are combined with FGROUP and traverse a path together, the
feedrate is interpreted in the unit of the linear axes (depending on the default with G94/G95,
in mm/min or inch/min and mm/rev or inch/rev).

The tangential velocity of the rotary axis in mm/min or inch/min is calculated according to the
following formula:

F[mm/min] = F'[degrees/min] * 1 * D[mm]/360[degrees]

with: F: Tangential velocity
F" Angular velocity
1 Circle constant
D: Diameter
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8.1 Feedrate (G93, G94, G95, F, FGROUP, FL, FGREF)

Traverse rotary axes with path velocity F (FGREF)

For machining operations in which the tool or the workpiece or both are moved by a rotary
axis, the effective machining feedrate is to be interpreted as a path feed in the usual way by
reference to the F value. This requires the specification of an effective radius (reference radius)
for each of the rotary axes involved.

The unit of the reference radius depends on the G70/G71/G700/G710 setting.

All axes involved must be included in the FGROUP command to be taken into account in the
calculation of the path feedrate.

In order to ensure compatibility with the behavior with no FGREF programming, the factor 1
degree = 1 mm is activated on system power up and RESET. This corresponds to a reference
radius of FGREF= 360 mm/(21) = 57.296 mm.

Note

This default is independent of the active basic system
(MD10240 $MN_SCALING_SYSTEM_IS_METRIC) and the currently active G70/G71/G700/
G710 setting.

Special situations:

Program code

N100 FGROUP (X,Y,Z,A)
N110 Gl G91 Al0 F100
N120 G1 G91 A10 X0.0001 F100
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With this type of programming, the F value programmed in N110 is evaluated as the rotary
axis feedrate in degrees/min, while the feedrate evaluation in N120 is either 100 inch/min or
100 mm/min, dependent upon the currently active G70/G71/G700/G710 setting.

NOTICE

Feedrate difference

FGREF evaluation also works if only rotary axes are programmed in the block. The normal F
value interpretation as degrees/min applies in this case only if the radius reference
corresponds to the FGREF default:

® ForG71/G710: FGREF [A]=57.296
® ForG70/G700: FGREF [A]=57.296/25.4

Read reference radius
The value of the reference radius of a rotary axis can be read using system variables:

® |n synchronized actions or with preprocessing stop in the part program via system variable:

| | $AA_FGREF[<axis>] | Current main run value |

e Without preprocessing stop in the part program via system variable:

| | $PA_FGREF[<axis>] | Programmed value |

If no values are programmed, the default 360 mm/(21r) = 57.296 mm (corresponding to 1 mm
per degree) will be read in both variables.

For linear axes, the value in both variables is always 1 mm.
Read path axes affecting velocity
The axes involved in path interpolation can be read using system variables:

® In synchronized actions or with preprocessing stop in the part program via system variables:

$AA_FGROUP[<axis>] Returns the value "1" if the specified axis affects the path ve-
locity in the current main run record by means of the basic set-
ting or through FGROUP programming. Otherwise, the variable
returns the value "0".

$AC_FGROUP_MASK Returns a bit key of the channel axes programmed with
FGROUP which are to affect the path velocity.

e Without preprocessing stop in the part program via system variables:

$PA_FGROUP[<axis>] Returns the value "1" if the specified axis affects the path ve-
locity by means of the basic setting or through FGROUP pro-
gramming. Otherwise, the variable returns the value "0".
$P_FGROUP_MASK Returns a bit key of the channel axes programmed with
FGROUP which are to affect the path velocity.

Path reference factors for orientation axes with FGREF
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8.2

Syntax

Fundamentals

8.2 Traverse positioning axes (POS, POSA, POSP, FA, WAITP, WAITMC)

With orientation axes the mode of operation of the FGREF [ ] factors is dependent upon whether
the change in the orientation of the tool is implemented by means of rotary axis or vector
interpolation.

In the case of rotary axis interpolation, as is the case with rotary axes, the relevant FGREF
factors of the orientation axes are calculated individually as reference radius for the axis paths.

In the case of vector interpolation, an effective FGREF factor, which is calculated as the
geometric mean value of the individual FGREF factors, is applied.

FGREF(effective] = nth root of [(FGREF[A] * FGREFIB]...)]

with: A: Axis identifier of 1st orientation axis
B: Axis identifier of 2nd orientation axis
C: Axis identifier of 3rd orientation axis
n: Number of orientation axes
Example:

Since there are two orientation axes for a standard 5-axis transformation, the effective factor
is, therefore, the root of the product of the two axial factors:

FGREF[effective] = square root of [[FGREF[A] * FGREF[B])]

Note

It is, therefore, possible to use the effective factor for orientation axes FGREF to define a
reference point on the tool to which the programmed path feedrate refers.

Traverse positioning axes (POS, POSA, POSP, FA, WAITP,
WAITMC)

Positioning axes are traversed independently of the path axes at a separate, axis-specific
feedrate. There are no interpolation commands. The POS/POSA/POSP commands are used to
traverse the positioning axes and coordinate the motion sequences at the same time.

The following are typical examples of positioning axes:
e Pallet feed equipment
® Gauging stations

WAITP can be used to identify a position in the NC program where the program is to wait until
an axis programmed with POSA in a previous NC block reaches its end position.

WAITMC loads the next NC block immediately when the specified wait marker is received.

POS [<axis>]=<position>
POSA [<axis>]=<position>

POSP [<axis>]=(<end position>,<partial length>, <mode>)
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FA[<axis>]=<value>

WAITP (<axis>) ; Programming in a separate NC block.

WAITMC (<wait marker>)

Move positioning axis to specified position

POS and POSA have the same functionality but differ in their block change behavior:
® pOs delays the enabling of the NC block until the position has been reached.
e POSA enables the NC block even if the position has not been reached.

<axis>: Name of the axis to be traversed (channel or geometry axis
identifier)

<position>: Axis position to be approached
Type: | REAL

Move positioning axis to specified end position in sections

<end position>: Axis end position to be approached

<partial length>. |Length of a section

<mode>: Approach mode

= 0: | For the last two sections, the path remaining until
the end position is split into two residual sections
of equal size (preset).

= 1: | The partial length is adjusted so that the total of

all calculated partial lengths corresponds exactly
to the path up to the end position.

Note:
POSP is used specifically to program oscillating motion.

References:
Programming Manual, Job Planning; Section "Oscillation"

Feedrate for the specified positioning axis

<axis>: Name of the axis to be traversed (channel or geometry axis identifier)

<value>: Feedrate

Unit: mm/min or inch/min or degrees/min

Note:
Up to five FA values can be programmed for each NC block.

Wait for a positioning axis to be traversed

The subsequent blocks are not processed until the specified positioning axis pro-
grammed in a previous NC block with POSA has reached its end position (with
exact stop fine).

<axis>: Name of the axis (channel or geometry axis identifier) for which
the WATTP command is to be applied

Note:
With WAITP, an axis can be made available as an oscillating axis or for traversing
as a concurrent positioning axis (via PLC).

Wait for the specified wait marker to be received
When the wait marker is received, the next NC block is loaded immediately.

<wait marker>: | Number of the wait marker

Meaning
POS/POSA:
POSP:
FA:
WAITP:
WAITMC:
104
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8.2 Traverse positioning axes (POS, POSA, POSP, FA, WAITP, WAITMC)

/I\ CAUTION

Travel with POSA

If a command, which implicitly causes a preprocessing stop, is read in a following block, this
block is not executed until all other blocks which are already preprocessed and stored have
been executed. The previous block is stopped in exact stop (as G9).

Examples

Example 1: Travel with POSA and access to machine status data

The control generates an internal preprocessing stop on access to machine status data ($A...).
Machining is stopped until all preprocessed and saved blocks have been executed in full.

Program code

Comment

N40 POSA[X]=100

N50 IF $AA IM[X]==R100 GOTOF LABEL1l
N60 GO Y100

N70 WAITP (X)

N80 LABELL:

N...

Example 2: Wait for end of travel with WAITP

Pallet feed equipment
Axis U: Pallet store

; Access to machine status data.

Transport of workpiece pallet to working area
Axis V: Transfer line to a gauging station where spot checks are carried out to assist

the process

Program code

Comment

N10 FA[U]=100 FA[V]=100

N20 POSA[V]=90 POSA[U]=100 GO X50 Y70

N50 WAITP (U)

Further information
Travel with POSA

Fundamentals
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; Axis-specific feedrate specifica-
tions for the individual position-
ing axes U and V.

; Traverse positioning and path ax-
es.

; Program execution does not resume
until axis U reaches the end point

programmed in N20.
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8.3 Position-controlled spindle mode (SPCON, SPCOF)

8.3

Syntax

Meaning
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Block step enable or program execution is not affected by POSA. The movement to the end
position can be performed during execution of subsequent NC blocks.

Travel with POS
The next block is not executed until all axes programmed under POS reach their end positions.
Wait for end of travel with WAITP

After a WAITP, assignment of the axis to the NC program is no longer valid; this applies until
the axis is programmed again. This axis can then be operated as a positioning axis through
the PLC, or as a reciprocating axis from the NC program/PLC or HMI.

Block change in the braking ramp with IPOBRKA and WAITMC

An axis is only decelerated if the wait marker has not yet been reached or if another end-of-
block criterion is preventing the block change. After a WATITMC, the axis starts immediately if
no other end-of-block criterion is preventing the block change.

Position-controlled spindle mode (SPCON, SPCOF)

Position-controlled spindle mode may be advisable in some cases, e.g. in conjunction with
large-pitch thread cutting with G33, where better quality can be achieved.
The spcoN NC command is used to switch over to position-controlled spindle mode.

Note

SPCON requires a maximum of three interpolation cycles.

SPCON/SPCON (<n>) /SPCON (<n>, <m>, etc.)

SPCOF/SPCOF (<n>) /SPCOF (<n>, <m>, etc.)

SPCON: Activate position-controlled mode
The specified spindle is switched over from speed control to position control.
SPCON s modal and is retained until SPCOF.

SPCOF: Deactivate position-controlled mode
The specified spindle is switched over from position control to speed control.

<n>: Number of the spindle to be switched over.

If a spindle number is not specified, SPCON/SPCOF will be applied
to the master spindle.

<n>,<m>, etc.: SPCON or SPCOF can even be used to switch over multiple spin-
dles in one block.
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8.4

Fundamentals

8.4 Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

Note
The speed is specified with s....

M3, M4 and M5 apply in respect of the directions of rotation and spindle stop.

Note

With synchronized spindle setpoint value linkage, the master spindle must be operated in
position-control mode.

Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

SPOS, SPOSA or M19 can be used to set spindles to specific angular positions, e.g. during tool
change.

Angle position

SPOS, SPOSA and M1 9 induce a temporary switchover to position-controlled mode until the
next M3/M4/M5/M41 to M45.

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 identifier is specified, the spindle is in axis
mode. M70 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, IPOENDA or IPOBRKA.

The program advances to the next block if the end of motion criteria for all spindles or axes
programmed in the current block plus the block change criterion for path interpolation are
fulfilled.

Synchronization
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8.4 Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

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

Requirements

The spindle to be positioned must be capable of operation in position-controlled mode.

Syntax
Position spindle:
SPOS=<value>/SPOS [<n>]=<value>
SPOSA=<value>/SPOSA [<n>]=<value>
M19/M<n>=19
Switch spindle over to axis mode:
M70/M<n>=70
Define end-of-motion criterion:
FINEA/FINEA[S<n>]
COARSEA/COARSEA [S<n>]
IPOENDA/IPOENDA [ S<n>]

TPOBRKA/IPOBRKA (<axis>[,<instant in time>]) ; Programming in a separate NC
block.

Synchronize spindle movements:

WAITS/WAITS (<n>, <m>) ; Programming in a separate NC block.
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Meaning

8.4 Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

SPOS/SPOSA:

Set spindle to specified angle

SPOS and SPOSA have the same functionality but differ in their block change be-
havior:

® sPOs delays the enabling of the NC block until the position has been reached.

® SPOSA enables the NC block even if the position has not been reached.

<n>: Number of the spindle to be positioned.

If a spindle number is not specified or if the spindle number is set
to "0", sPOs or sPOsA will be applied to the master spindle.

<value>: Angular position to which the spindle is to be set.
Unit: Degrees
Type: REAL

The following options are available for programming the position
approach mode:

=AC (<value>): Absolute dimensions
Range of values: | 0 ... 359,9999

=IC (<value>): Incremental dimensions
Range of values: | 0 ... £99 999,999

=DC (<value>): Approach absolute value directly

=ACN (<value>): | Absolute dimension, approach in negative
direction

=ACP (<value>): | Absolute dimension, approach in positive di-
rection

=<value>: as DC (<value>)

M<n>=109:

Set the master spindle (M1 9 or M0=19) or spindle number <n> (M<n>=19) to the
angular position preset with SD43240 $SA_M19_SPOS with the position approach
mode preset in SD43250 $SA_M19_SPOSMODE.

The NC block is not enabled until the position has been reached.

M<n>=70:

Switch the master spindle (M70 or M0=70) or spindle number <n> (M<n>=70) over
to axis mode.

No defined position is approached. The NC block is enabled after the switchover
has been performed.

FINEA:

Motion end when "Exact stop fine" reached

COARSEA:

Motion end when "Exact stop coarse" reached

IPOENDA:

End of motion on reaching "interpolator stop"

S<n>:

Spindle for which the programmed end-of-motion criterion is to be effective

<n>: Spindle number

If a spindle is not specified in [S<n>] or a spindle number of "0" is specified, the
programmed end-of-motion criterion will be applied to the master spindle.
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8.4 Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

IPOBRKA: A block change is possible in the braking ramp.
<axis>: Channel axis identifier
<instant in Instant in time of the block change with reference to the brak-
time>: ing ramp
Unit: Percent
Range of values: 100 (application point of the braking
ramp) to 0 (end of the braking ramp)

If a value is not assigned to the <instant in time> pa-
rameter, the current value of the setting data is applied:
SD43600 $SA_IPOBRAKE_BLOCK_EXCHANGE

Note:
IBOBRKA with an instant in time of "0" is identical to
IPOENDA.

WAITS: Synchronization command for the specified spindle(s)

The subsequent blocks are not processed until the specified spindle(s) program-
med in a previous NC block with SPOSA has (have) reached its (their) end posi-
tion(s) (with exact stop fine).

WAITS after M5: Wait for the specified spindle(s) to come to a standstill.

WAITS after M3/M4: Wait for the specified spindle(s) to reach their setpoint
speed.

<n>, <m>: Numbers of the spindles to which the synchronization

command is to be applied.

If a spindle number is not specified or if the spindle
number is set to "0", WAITS will be applied to the
master spindle.

Note

Three spindle positions are possible for each NC block.

Note

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

Note

If position control was activated with SPCON prior to SPOS, this remains active until SPCOF is
issued.

Note

The control detects the transition to axis mode automatically from the program sequence.
Explicit programming of M70 in the part program is, therefore, essentially no longer necessary.
However, M70 can continue to be programmed, e.g. to increase the legibility of the part
program.
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8.4 Positioning spindles (SPOS, SPOSA, M19, M70, WAITS)

Further information
Positioning with SPOSA

The block step enable or program execution is not affected by SPOSA. The spindle positioning
can be performed during execution of subsequent NC blocks. The program moves onto the
next block if all the functions (except for spindle) programmed in the current block have reached
their block 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 block is delayed until all positioning spindles are stationary.

Positioning with SPOS/M19

The block step enabling condition is met when all functions programmed in the block reach
their end-of-block criterion (e.g. all auxiliary functions acknowledged by the PLC, all axes at
their end 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, see:

e Feed f T indles (FA. EPR, FPRAON. FPRAOF) (Page 112)
® Programmable acceleration override (ACC) (option) (Page 116)
Specification of spindle positions:

As the G90/G91 commands are not effective here, the corresponding dimensions apply
explicitly, e.g. AC, IC, DC, ACN, ACP. If no specifications are made, traversing automatically
takes place as for DC.

Synchronize spindle movements with WAITS

WATITS can be used to identify a point at which the NC program waits until one or more spindles
programmed with SPOSA in a previous NC block reach their positions.

Example:

Program code Comment

N10 SPOSA[2]=180 SPOSA[3]=0

N40 WAITS(2,3) ; The block waits until spindles 2 and 3 have
reached the positions specified in block NI10.
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8.5 Feedrate for positioning axes / spindles (FA, FPR, FPRAON, FPRAOF)

WAITS can be used after M5 to wait until the spindle(s) has (have) stopped. WAITS can be
used after M3/M4 to wait until the spindle(s) has (have) 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

— —
_\DC =AC

_DC=AC

Programmed

Programmed
angle

angle

There is no difference between DC and AC dimensioning. In both cases, rotation continues in
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).

8.5 Feedrate for positioning axes / spindles (FA, FPR, FPRAON,
FPRAOF)

It is also possible to derive the revolutional feedrate for path and synchronized axes or for
individual positioning axes/spindles from another rotary axis or spindle.

Positioning axes such as workpiece transport systems, tool turrets and end supports are
traversed independently of path and synchronized axes. A separate feedrate is therefore
defined for each positioning axis.

A separate axial feedrate can also be programmed for spindles.
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8.5 Feedrate for positioning axes / spindles (FA, FPR, FPRAON, FPRAOF)

Syntax
Feedrate for positioning axis:
FA[<axis>]=..
Axis feedrate for spindle:
FA[SPI (<n>) ]=..
FA[S<n>]=..
Derive revolutional feedrate for path/synchronized axes:
FPR (<rotary axis>)
FPR (SPI (<n>))
FPR (S<n>)
Derive rotational feedrate for positioning axes/spindles:
FPRAON (<axis>,<rotary axis>)
FPRAON (<axis>, SPI (<n>))
FPRAON (<axis>, S<n>)
FPRAON (SPI (<n>) ,<rotary axis>)
FPRAON (S<n>, <rotary axis>)
FPRAON (SPI (<n>), SPI (<n>))
FPRAON (S<n>, S<n>)
FPRAOF (<axis>, SPI (<n>), etc.)
FPRAOF (<axis>, S<n>, etc.)
Meaning
FA[...]=...: Feedrate for the specified positioning axis or positioning speed (axial fee-
drate) for the specified spindle
Unit: mm/min or inch/min or degrees/min
Range of values: ... 999,999.999 mm/min, degrees/min
... 39 999.9999 inch/min
FPR(...): FPR is used to identify the rotary axis (<rotary axis>) or spindle
(SPI (<n>)/s<n>) from which the revolutional feedrate for the revolutional
feedrate of the path and synchronized axes programmed under G95 is to
be derived.
FPRAON (...): Derive rotational feedrate for positioning axes and spindles
The first parameter (<axis>/SPI (<n>)/S<n>) identifies the positioning
axis/spindle to be traversed with revolutional feedrate.
The second parameter (<rotary axis>/SPI (<n>)/S<n>) identifies the
rotary axis/spindle from which the revolutional feedrate is to be derived.
Note:
The second parameter can be omitted, in which case the feedrate will be
derived from the master spindle.
FPRAOF (...): FPRAOF is used to deselect the derived revolutional feedrate for the speci-
fied axes or spindles.
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8.5 Feedrate for positioning axes / spindles (FA, FPR, FPRAON, FPRAOF)

<axis>: Axis identifier (positioning or geometry axis)

SPI (<n>)/S<n>: Spindle identifier
SPI (<n>) and S<n> are identical in terms of function.
<n>: | Spindle number
Note:

SPI converts spindle numbers into axis identifiers. The transfer parameter
(<n>) must contain a valid spindle number.

Note
The programmed feedrate FA[...] is modal.

Up to five feedrates for positioning axes or spindles can be programmed in each NC block.

Note
The derived feedrate is calculated according to the following formula:

Derived feedrate = programmed feedrate * absolute master feedrate

Examples

Example 1: Synchronous spindle coupling

With synchronous spindle coupling, the positioning speed of the following spindle can be
programmed independently of the master spindle, e.g. for positioning operations.

Program code Comment
FA[S2]=100 ; Positioning speed of the following spindle (spindle 2) = 100
degrees/min

Example 2: Derived revolutional feedrate for path axes
Path axes X, Y must be traversed at the revolutional feedrate derived from rotary axis A:

Program code

N40 FPR(A)
N50 G95 X50 Y50 F500

Example 3: Derive revolutional feedrate for master spindle

|Program code Comment

N30 FPRAON(S1,S2) ; The revolutional feedrate for the master spindle (S1)
must be derived from spindle 2.
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8.6 Programmable feedrate override (OVR, OVRRAP, OVRA)

Program code Comment

N40 SPOS=150 ; Position master spindle.

N50 FPRAOF (S1) ; Deselect derived revolutional feedrate for the master
spindle.

Example 4: Derive revolutional feedrate for positioning axis

Program code Comment

N30 FPRAON (X) ; The revolutional feedrate for positioning axis X
must be derived from the master spindle.

N40 POS[X]=50 FA[X]=500 ; The positioning axis is traversing at 500 mm/rev-
olution of the master spindle.

N50 FPRAOF (X)

Further information
FAL...]

The feedrate type is always G94. When G70/G71 is active, the unit is metric/inches according
to the default setting in the machine data. G700/G710 can be used to modify the unit in the
program.

Note

If no FA is programmed, the value defined in the machine data applies.

FPR(...)

As an extension of the G95command (revolutional feedrate referring to the master spindle),
FPR allows the revolutional feedrate to be derived from any chosen spindle or rotary axis. G95
FPR (..) is valid for path and synchronized axes.

If the rotary axis/spindle specified in the FPR command is operating on position control, then
the setpoint linkage is active. Otherwise the actual-value linkage is effective.

FPRAON(...)

FPRAON is used to derive the revolutional feedrate for positioning axes and spindles from the
current feedrate of another rotary axis or spindle.

FPRAOF(...)

The revolutional feedrate can be deactivated for one or a number of axes/spindles
simultaneously with the FPRAOF command.

8.6 Programmable feedrate override (OVR, OVRRAP, OVRA)

The velocity of path/positioning axes and spindles can be modified in the NC program.
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8.7 Programmable acceleration override (ACC) (option)

Syntax

Meaning

8.7

Syntax

116

OVR=<value>
OVRRAP=<value>

OVRA [<axis>]=<value>
OVRA[SPI (<n>) ]=<value>
OVRA [S<n>]=<value>

OVR: Feedrate modification for path feedrate F
OVRRAP: Feedrate modification for rapid traverse velocity
OVRA: Feedrate modification for positioning feedrate Fa or for spindle speed S
<axis>: Axis identifier (positioning or geometry axis)
SPI (<n>)/S<n>: Spindle identifier
SPI (<n>) and S<n> are identical in terms of function.
<n>: | Spindle number
Note:

SP1I converts spindle numbers into axis identifiers. The transfer parameter
(<n>) must contain a valid spindle number.

<value>: Feedrate modification in percent

The value refers to or is combined with the feedrate override set on the
machine control panel.

Range of values: ... 200%, integers

Note:
With path and rapid traverse override, the maximum velocities set in the
machine data is not overshot.

Programmable acceleration override (ACC) (option)

In critical program sections, it may be necessary to limit the acceleration to below the maximum
values, e.g. to prevent mechanical vibrations from occurring.

The programmable acceleration override can be used to modify the acceleration for each path
axis or spindle via a command in the NC program. The limit is effective for all types of
interpolation. The values defined in the machine data apply as 100% acceleration.

ACC[<axis>]=<value>
ACC[SPI (<n>) ]=<value>
ACC (S<n>) =<value>

Deactivate:
ACC[...]=100
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8.7 Programmable acceleration override (ACC) (opfion)

Syntax
ACC: Acceleration change for the specified path axis or speed change for the
specified spindle.
<axis>: Channel axis name of path axis
SPI (<n>)/S<n>: Spindle identifier
SPI (<n>) and S<n> are identical in terms of function.
<n>: Spindle number
Note:
SPI converts spindle numbers into axis identifiers. The transfer parameter
(<n>) must contain a valid spindle number.
<value>: Acceleration change in percent
The value refers to or is combined with the feedrate override set on the
machine control panel.
Range of values: 1 to 200%, integers
Note
With a greater acceleration rate, the values permitted by the manufacturer may be exceeded.
Example
Program code Comment
N50 ACC[X]=80 ; The axis slide in the X direction should only be trav-

ersed with 80% acceleration.

N60 ACC[SPI(1)]1=50 ; Spindle 1 should only accelerate or brake with 50% of
the acceleration capacity.

Further information
Acceleration override programmed with ACC

The acceleration override programmed with ACC[ . . . ] is always taken into consideration on
output as in system variable $AA_ACC. Readout in the parts program and in synchronized
actions takes place at different times in the NC processing run.

In the part program

The value written in the part program is then only taken into consideration in system variable
$AA_ACC as written in the part program if ACC has not been changed in the meantime by a
synchronized action.

In synchronized actions

The following thus applies: The value written to a synchronized action is then only considered
in system variable $AA_ACC as written to the synchronized action if AcC has not been changed
in the meantime by a part program.

The preset acceleration can also be changed via synchronized actions (see Function Manual,
Synchronized Actions).
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8.8 Feedrate with handwheel override (FD, FDA)

Example:

| Program code

N100 EVERY SA IN[1] DO POS[X]=50 FA[X]=2000 ACC[X]=140

The current acceleration value can be called with system variable $AA_ACC[<axis>]. Machine
data can be used to define whether the last ACC value set should apply on RESET/part program
end or whether 100% should apply.

8.8 Feedrate with handwheel override (FD, FDA)

The FD and FDA commands can be used to traverse axes with handwheels during execution
of the part program. The programmed settings for traversing the axes are then overlaid with
the handwheel pulses evaluated as path or velocity defaults.

Path axes

In the case of path axes, the programmed path feedrate can be overlaid. The handwheel is
evaluated as the first geometry axis of the channel. The handwheel pulses evaluated per
interpolation cycle dependent on the direction of rotation correspond to the path velocity to be
overlaid. The path velocity limit values which can be achieved by means of handwheel override
are:

® Minimum: O

® Maximum: Machine data limit values of the path axes involved in traversing

Note
Path feedrate

The path feedrate F and the handwheel feedrate FD cannot be programmed in the same
NC block.

Positioning axes
In the case of positioning axes, the travel path or velocity can be overlaid as an axial value.
The handwheel assigned to the axis is evaluated.

e Path override
The handwheel pulses evaluated dependent on the direction of rotation correspond to the
axis path to be traveled. Only handwheel pulses in the direction of the programmed position
are evaluated.

® Velocity override
The handwheel pulses evaluated per interpolation cycle dependent on the direction of
rotation correspond to the axial velocity to be overlaid. The path velocity limit values which
can be achieved by means of handwheel override are:

— Minimum: 0
— Maximum: Machine data limit values of the positioning axis
A detailed description of how to set handwheel parameters appears in:

References:
/FB2/ Function Manual, Extended Functions; Manual Travel and Handwheel Travel (H1)
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8.8 Feedrate with handwheel override (FD, FDA)

Syntax
FD=<velocity>
FDA [<axis>]=<velocity>
Meaning
FD=<velocity>: Path feedrate and enabling of velocity override with
handwheel
<velocity>:
e Value = 0: Not allowed!
e Value # 0: Path velocity
FDA [<axis>]=<velocity>: Axial feedrate
<velocity>:
® Value = 0: Path default with handwheel
e Value * 0: Axial velocity
<axis>: Axis identifier of positioning axis
Note
FD and FDA are non-modal.
Example

Path definition: The grinding wheel oscillating
in the Z direction is traversed to the workpiece

12 in the X direction with the handwheel.
The operator can continue to feed manually
until the sparks are flying uniformly. Activating
. "Delete distance-to-go" switches to the next
r——m;jm———. NC block and machining continues in AUTO-

MATIC mode.

4 /
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8.8 Feedrate with handwheel override (FD, FDA)

Further information

Traverse path axes with velocity override (FD=<velocity>)
The following conditions must be met for the part program block in which path velocity override
is programmed:

® Path command G1, G2 or G3 active
® Exact stop G60 active
® Linear feedrate G94 active

Feedrate override
The feedrate override only affects the programmed path velocity and not the velocity
component generated with the handwheel (exception: (except if feed override = 0).

Example:
Program code Description
N10 X.. Y.. F500 ; Feedrate = 500 mm/min
N20 X.. Y.. FD=700 ; Feedrate = 700 mm/min and velocity override
with handwheel.
; Acceleration from 500 to 700 mm/min in N20. The handwheel
can be used to vary the speed dependent on the direction of rotation between 0
and the maximum value (machine data).
Traverse positioning axes with path default (FDA[<axis>]=0)
In the NC block with programmed FDA [ <axis>]=0 the feed is set to zero so that the program
cannot generate any travel movement. The programmed travel movement to the target position
is now controlled exclusively by the operator rotating the handwheel.
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8.9 Feedrate optimization for curved path sections (CFTCP, CFC, CFIN)

Example:

Program code Description

N20 POS[V]=90 FDA[V]=0 ; Target position = 90 mm, axial feedrate = 0 mm/min and
path override with handwheel.
; Velocity of axis V at start of block = 0 mm/min.

; Path and speed defaults are set using handwheel pulses

Direction of movement, travel velocity

The axes follow the path set by the handwheel in the direction of the sign. Forward and
backwards travel is possible dependent on the direction of rotation. The faster the handwheel
rotates, the higher the traversing speed.

Traversing range:
The traversing range is limited by the starting position and the programmed end point.

Traverse positioning axis with velocity override (FDA[<axis>]=<velocity>)

In NC blocks with programmed FDA[...] =..,, the feedrate from the last programmed FA value

is accelerated or decelerated to the value programmed under FDA. Starting from the current

feedrate FDA, the handwheel can be turned to accelerate the programmed movement to the

target position or decelerate it to zero. The values set as parameters in the machine data serve
as the maximum velocity.

Example:
Program code Description
N10 POS[V]=.. FA[V]=100 ; Axial feedrate = 100 mm/min
N20 POS[V]=100 FAD[V]=200 ; Axial target position = 100, axial feedrate = 200 mm/min

; and velocity override with handwheel.
; Acceleration from 100 to 200 mm/min in N20. The

; Handwheel can be used to vary the velocity depending on the direc-
tion of rotation

; between 0 and the maximum value (machine data).

Traversing range:
The traversing range is limited by the starting position and the programmed end point.

8.9 Feedrate optimization for curved path sections (CFTCP, CFC, CFIN)

With activated offset mode G41/G42, the programmed feedrate for the milling cutter radius
initially refers to the milling cutter center path (see Section "Coordinate transformations
(frames)").

When you mill a circle (the same applies to polynomial and spline interpolation) the extent to
which the feedrate varies at the cutter edge is so significant under certain circumstances that
it can impair the quality of the machined part.
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8.9 Feedrate opfimization for curved path sections (CFTCP, CFC, CFIN)

Example: Milling a small outside radius with a large tool. The path that the outside of the milling
tool must travel is considerably longer than the path along the contour.

ot

)

Tool path

—@ =

Because of this, machining at the contour takes place with a very low feedrate. To prevent
adverse effects, the feedrate needs to be controlled accordingly for curved contours.

Syntax
CFTCP
CFC
CFIN
Meaning
CFTCEP: Constant feedrate on the milling cutter center path
The control keeps the feedrate constant and feedrate offsets are deactivated.
CFC: Constant feedrate at the contour (tool cutting edge).

This function is preset per default.

CFIN: Constant feedrate at the tool cutting edge only at concave contours, otherwise on the
milling cutter center path.

The feedrate is reduced for inside radii.
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Example

8.9 Feedrate opfimization for curved path sections (CFTCP, CFC, CFIN)

In this example, the contour is first produced

40

Y
1 with CFC-corrected feedrate. During finishing,

the cutting base is also machined with CFIN.
This prevents the cutting base being damaged
at the outside radii by a feedrate that is too high.

S

ey "

—» 10 [=—

20 20
55 30
Program code Comment

N10
N20
N30
N40
N50
N40
N50
N60
N70

Fundamentals
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G17 G54 G64 T1 M6
S3000 M3 CFC F500 G41

GO X-10
Y0 Z-10
CONTOURL
CFIN Z-25
CONTOUR1
Y120

X200 M30

; Feed to first cutting depth
; Subprogram call
; Feed to second cutting depth

; Subprogram call
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8.10 Several feedrate values in one block (F, ST, SR, FMA, STA, SRA)

Further information

8.10

Syntax

Meaning

124

Constant feedrate on contour with CFC

The feedrate is reduced for inside radii and in-
creased for outside radii. This ensures a con-
stant speed at the tool edge and thus at the
contour.

constant

______ 1> reduced L—— _ —

increased

Several feedrate values in one block (F, ST, SR, FMA, STA, SRA)

The "Multiple feedrates in one block" function can be used to activate different feedrate values
for an NC block, a dwell time or a retraction motion-synchronously, dependent on external
digital and/or analog inputs.

Path motion

F=... F7/=... F6=... F5=... F4=... F3=... F2=... ST=... SR=...

Axial motion:

FA[<Ax>]=... FMA[7,<Ax>]=... FMA[6,<Ax>]=... FMAI[S5, <Ax>]:
FMA[4,<Ax>]=... FMA[3,<Ax>]=... FMA[2,<Ax>]=... STA[<Ax>]=

SRA [KAX>]=

F=...: The path feedrate is programmed under the ad-

dress F and remains valid during the absence of
an input signal.

Effective: Modal

Fundamentals
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8.10 Several feedrate values in one block (F, ST, SR, FMA, STA, SRA)

F2=... tOF7=...:

In addition to the path feedrate, up to six further
feedrates can be programmed in the block. The
numerical expansion indicates the bit number of
the input that activates the feedrate when
changed:

Effective: | Non-modal

Dwell time in s (for grinding technology: sparking-
out time)

Input bit: 1

Effective: Non-modal

Retraction path

The unit for the retraction path refers to the cur-
rent valid unit of measurement (mm or inch).

Input bit: 0

Effective: Non-modal

FA[<AxX>]=...:

The axial feedrate is programmed under the ad-
dress FA and remains valid during the absence
of an input signal.

Effective: Modal

FMA[2,<Ax>]=... t0o FMA[7,<Ax>]=...:

In addition to the axial feedrate Fa up to six fur-
ther feedrates per axis can be programmed in
the block with FMA. The first parameter indicates
the bit number of the input and the second the
axis for which the feedrate is to apply.

Effective: | Non-modal

STA[<AX>]=...:

Axial dwell time in s (for grinding technology:
sparking-out time)

Input bit: 1

Effective: Non-modal

SRA[<Ax>]=...:

Axial retraction path

Input bit: 0

Effective: Non-modal

<AxX>:

Axis for which the feedrate is to apply

Note
Priority of the signals

The signals are scanned in ascending order starting at input bit 0 (10). Therefore, the retraction
motion has the highest priority and the feedrate F7 the lowest priority. Dwell time and retraction
motion end the feedrate motions that were activated with F2 to F7.

The signal with the highest priority determines the current feedrate.

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3

125



Feed control

8.10 Several feedrate values in one block (F, ST, SR, FMA, STA, SRA)

Examples

Program code

Note
Delete distance-to-go

If input bit 1 is activated for the dwell time or bit O for the return path, the distance to go for the
path axes or the relevant single axes is deleted and the dwell time or return started.

Note
Retraction path

The unit for the retraction path refers to the current valid unit of measurement (mm or inch).

The reverse stroke is always made in the opposite direction to the current motion. SR/SRA
always programs the value for the reverse stroke. No sign is programmed.

Note
POS instead of POSA
If feedrates, dwell time or return path are programmed for an axis on account of an external

input, this axis must not be programmed as POSA axis (positioning axis over multiple blocks)
in this block.

Note
Status query

It is also possible to poll the status of an input for synchronous commands of various axes.

Note
LookAhead

Look Ahead is also active for multiple feedrates in one block. In this way, the current feedrate
can be restricted by the Look Ahead value.

Example 1: Path motion

Comment

Gl X48 F1000 F7=200 F6=50 F5=25 F4=5 ST=1.5 SR=0.5 ; Path feedrate = 1000

126

; Additional path feedrate values:
; 200 (input bit 7)

; 50 (input bit 6)

; 25 (input bit 5)

; 5 (input bit 4)

; Dwell time 1.5 s

; Retraction 0.5 mm

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Feed control/
8.11 Non-modal feedrate (FB)

Example 2: Axial motion

Program code Comment

POS[A]=300 FA[A]=800 FMA[7,A]=720 FMA[6,A]=640 ; Feedrate for axis A = 800

FMA[S,A]=560 STA[A]=1.5 SRA[A]=0.5 ; Additional feedrate values for axis A: 720

(input bit 7)
; 640 (input bit 6)
; 560 (input bit 5)

; Axial dwell time: 1.5 s

; Axial retraction: 0.5 mm

Example 3: Multiple operations in one block

Program code Comment
N20 T1 D1 F500 GO X100 Initial setting
N25 Gl X105 F=20 F7=5 F3=2.5 F2=0.5 ST=1.5 SR=0.5 ; Normal feedrate with F,

; roughing with F7,

; finishing with F3,

; smooth-finishing with F2,
; dwell time 1.5 s,

; retraction path 0.5 mm

8.11 Non-modal feedrate (FB)

The "Non-modal feedrate" function can be used to define a separate feedrate for a single block.
After this block, the previous modal feedrate is active again.

Syntax
FB=<value>
Meaning
FB: Feedrate for current block only
<VALUE>: The programmed value must be greater than zero.

Values are interpreted based on the active feedrate type:
® (G94: feedrate in mm/min or degrees/min
® (95: feedrate in mm/rev or inch/rev

® (596: constant cutting rate

Fundamentals
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8.12 Tooth feedrate (G95 F2)

Example

8.12

128

Note

If no traversing motion is programmed in the block (e.g. computation block), the FB has no
effect.

If no explicit feedrate for chamfering/rounding is programmed, then the value of FB also applies
for any chamfering/rounding contour element in this block.

Feedrate interpolations FLIN, FCUB, etc. are also possible without restriction.

Simultaneous programming of ¥B and FD (handwheel travel with feedrate override) or F (modal
path feedrate) is not possible.

Program code Comment

N10 GO X0 YO G17 F100 G94 ;Initial setting

N20 G1 X10 ; Feedrate 100 mm/min

N30 X20 FB=80 ; Feedrate 80 mm/min

N40 X30 ; Feedrate is 100 mm/min again.
Tooth feedrate (G95 FZ)

Feedrate path
per tooth

Fundamentals
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Syntax

Meaning

Fundamentals

8.12 Tooth feedrate (G95 F2)

The control uses the $TC_DPNT (number of teeth) tool parameter associated with the active
tool offset data block to calculate the effective revolutional feedrate for each traversing block
from the programmed tooth feedrate.

F=FZ*$TC_DPNT

with:  F: Revolutional feedrate in mm/rev or inch/rev
FZ: Tooth feedrate in mm/tooth or inch/tooth
$TC_DPNT: System variable tool parameter: Number of teeth/rev

The tool type ($TC_DP1) of the active tool is not taken into account.

The programmed tooth feedrate is independent of the tool change and the selection/
deselection of a tool offset data block; it is retained in modal format.

A change to the $TC_DPNT tool parameter associated with the active tool cutting edge will be
applied the next time a tool offset is selected or the next time the active offset data is updated.

Changing the tool or selecting/deselecting a tool offset data block generates a recalculation
of the effective revolutional feedrate.

Note

The tooth feedrate refers only to the path (axis-specific programming is not possible).

G95 FZ...

G95: Type of feedrate: Revolutional feedrate in mm/rev or inch/rev (dependent upon G700/
G710)

For G95 see "Eeedrate (G93. GO4, GO5. F, FGROUP, FL, FGREF) (Page 25)"

FZz: Tooth feedrate

Activation: with G95
Effective: Modal
Unit: mm/tooth or inch/tooth (dependent upon G700/G710)

NOTICE

Tool change/Changing the master spindle

A subsequent tool change or changing the master spindle must be taken into account by the
user by means of corresponding programming, e.g. reprogramming FZ.
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8.12 Tooth feedrate (G95 F2)

Examples

130

NOTICE

Tool operations undefined

Technological concerns such as climb milling or conventional milling, front face milling or
peripheral face milling, etc., along with the path geometry (straight line, circle, etc.), are not
taken into account automatically. Therefore, these factors have to be given consideration

when programming the tooth feedrate.

Note
Switchover between G95 F... and G95 FZ...

Switching over between G95 F. .. (revolutional feedrate) and G95 F7Z. .. (tooth feedrate)
will delete the non-active feedrate value in each case.

Note
Derive feedrate with FPR
As is the case with the revolutional feedrate, FPR can also be used to derive the tooth feedrate

of any rotary axis or spindle (see "Eeedrate for positioning axes / spindles (FA, FPR, FPRAON,
EPRAOF) (Page 112)").

Example 1: Milling cutter with five teeth ($TC_DPNE = 5)

Program code Comment

N10 GO X100 Y50

N20 G1 G95 F7z=0.02 ; Tooth feedrate 0.02 mm/tooth

N30 T3 D1 ; Load tool and activate tool offset data block.
M40 M3 S200 ; Spindle speed 200 rpm

N50 X20 ; Milling with:

FZ = 0.02 mm/tooth

effective revolutional feedrate:

F = 0.02 mm/tooth * 5 teeth/rev = 0.1 mm/rev
or

F=0.1 mm/rev * 200 rpm = 20 mm/min

Example 2: Switchover between G95 F... and G95 FZ...

Program code Comment

N10 GO X100 Y50

N20 Gl G95 FO.1 ; Revolutional feedrate 0.1 mm/rev
N30 T1 M6

N35 M3 S100 D1

N40 X20

N50 GO X100 M5
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Program code

8.12 Tooth feedrate (G95 F2)

Comment

N60 M6 T3 D1
N70 X22 M3 S300
N80 Gl X3 G95 Fz=0.02

; Load tool with e.g. five teeth ($TC DPNT = 5).

; Change G95 F.. to G95 FZ..,, tooth feedrate active with
0.02 mm/tooth.

Example 3: Derive tooth feedrate of a spindle (FBR)

Program code

Comment

N41 FPR(S4)
N51 G95 X51 Fz=0.5

Program code

; Tool in spindle 4 (not the master spindle).

; Tooth feedrate 0.5 mm/tooth dependent upon spindle S4.

Example 4: Subsequent tool change

Comment

N10 GO X50 Y5

N20 Gl G95 Fz=0.03
N30 M6 T11l D1

N30 M3 S100

N40 X30

N50 GO X100 M5

N60 M6 T33 D1

N70 X22 M3 S300
N80 Gl X3

; Tooth feedrate 0.03 mm/tooth

; Load tool with e.g. seven teeth ($TC DPNT = 7).

; Effective revolutional feedrate 0.21 mm/rev

; Load tool with e.g. five teeth (S$TC DPNT = 5).

; Tooth feedrate modal 0.03 mm/tooth,
effective revolutional feedrate 0.15 mm/rev

Example 5: Changing the master spindle

Program code

Comment

N10 SETMS (1)

N20 T3 D3 M6

N30 S400 M3

N40 G95 Gl Fz0.03
N50 X50

N60 GO X60

N100 SETMS (2)
N110 T1 D1 M6
N120 sS500 M3

Fundamentals
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; Spindle 1 is the master spindle.

; Tool 3 is changed to spindle 1.

; Speed S400 of spindle 1 (and therefore T3).

; Tooth feedrate 0.03 mm/tooth

; Path motion, the effective feedrate is dependent upon:
- The tooth feedrate FZ

- The speed of spindle 1

- The number of teeth of the active tool T3

; Spindle 2 becomes the master spindle.
; Tool 1 is changed to spindle 2.
; Speed S500 of spindle 2 (and therefore T1).
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8.12 Tooth feedrate (G95 F2)

|Program code Comment

N130 G95 G1 Fz0.03 X20 ; Path motion, the effective feedrate is dependent upon:
- The tooth feedrate FZ
- The speed of spindle 2

- The number of teeth of the active tool T1

Note

Following the change in the master spindle (N100), a tool actuated by spindle 2 must be
substituted (N110).

Further information
Changing between G93, G94 and G95

Fz can also be programmed when G95 is not active, although it will have no effect and is
deleted when G95 is selected. In other words, when changing between G293, G94, and G95,
in the same way as with F, the Fz value is also deleted.

Reselection of G95

Reselecting G95 when G95 is already active has no effect (unless a change between F and
Fz has been programmed).

Non-modal feedrate (FB)

When G95 F7Z... (modal) is active, a non-modal feedrate FB. . . is interpreted as a tooth
feedrate.

SAVE mechanism

In subprograms with the SAVE attribute £z is written to the value prior to the subprogram
starting (in the same way as F).

Multiple feedrate values in one block

The "Multiple feedrate values in one block" function is not possible with tooth feedrate.
Synchronized actions

FZ cannot be programmed from synchronized actions.

Read tooth feedrate and path feedrate type

The tooth feedrate and the path feedrate type can be read using system variables.

e With preprocessing stop in the part program via system variables:

Fundamentals
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8.12 Tooth feedrate (G95 F2)

$AC_FZ

$AC_F_TYPE

Tooth feedrate effective when the current main run block was prepro-
cessed.

Path feedrate type effective when the current main run block was pre-
processed.

Value: Meaning:

0 mm/min

1 mm/rev

2 inch/min

3 inch/rev

11 mm/tooth

33 inch/tooth

e Without preprocessing stop in the part program via system variables:

$P_FZ

$P_F_TYPE

Programmed tooth feedrate
Programmed path feedrate type
Value: Meaning:

0 mm/min

1 mm/rev

2 inch/min

3 inch/rev

11 mm/tooth

33 inch/tooth

Note

If G95 is not active, the $P_FZ and $AC_FZ variables will always return a value of zero.

Fundamentals
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Geometry settings

9.1 Settable zero offset (G54 to G57, G505 to G599, G53, G500, SUPA,
G153)

The G54 to G57 and G505 to G599 commands activate the values of the associated
parameterizable zero offsets of the workpiece coordinate system compared with the base
coordinate system set from the user interface.

Syntax
Switching on:
G54
G57
G505
G599
Switching off or suppressing:
G500
G53
G153
SUPA
Meaning
G54 to G57: Call of the 1st to 4th settable zero offset (WO)
G505 to G599: Call of the 5th to 99th settable zero offset
G500: Deactivation of the current settable zero offset
G500=zero frame: Deactivation of the settable zero offset
(default setting; contains no off- | Until the next call, activation of the entire
set, rotation, mirroring or scaling) | basic frame ($P_ACTBFRAME).
G500 not equal to 0: Activation of the first settable zero offset
($P_UIFR[0]) and activation of the entire
basic frame ($P_ACTBFRAME) or possi-
bly a modified basic frame is activated.
G53: G53 suppresses the settable zero offset and the programmable zero offset
non-modally.
G153: G153 has the same effect as G53 and also suppresses the entire basic frame.
SUPA: SUPA has the same effect as G153 and also suppresses:
® Handwheel offsets (DRF)
e Overlaid movements
® External zero offset
® PRESET offset
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9.1 Settable zero offset (G54 fo G57, G505 to G599, G53, G500, SUPA, G153)

Example

W

Three workpieces that are arranged on a pallet in
accordance with the zero offset values G54 to
G56 are to be machined in succession. The ma-
chining sequence is programmed in subprogram
L47.

N20 G54 S1000 M3
N30 L47

N40 G55 GO 2200
N50 L47

N60 G56

N70 L47

N80 G53 X200 Y300 M30

Further information

136

LY,
(\H[\\W.X (\Hf\\w.x_
5, - =
K
@ég, i
TRANS X10 MO

Program code Comment
N10 GO G90 X10 Y10 F500 T1 ; Approach

; Call of the first WO, spindle clockwise

Program pass as subprogram

; Call of the second WO, Z via obstruction

Program pass as subprogram

; Call of the third WO

Program pass as subprogram

Suppress zero offset, end of program

A parameterized zero offset is in principle a set frame (Page 303). Consequently, the following
components and frame values are also available for a parameterized zero offset:

o Offset
® Rotation
® Scaling

® Scale

Fundamentals
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9.2 Selection of the working plane (G17/G18/G19)

A
YBKS
YWKS
L
@ XBKS
@  Initial position in the BCS
@ Offset
@ Offset + rotation
@ Offset + scaling

Figure 9-1 Zero offsets

The frame values for the parameterized zero offsets are input from the user interface:

SINUMERIK Operate: "Parameters" > "Zero offsets" > "Details" operating area

SINUMERIK 828D

For SINUMERIK 828D, the 5th and 6th parameterized zero offsets are called with G58 and
G59, respectively.

The G505 and G506 commands are not available for SINUMERIK 828D.

Parameterized number of parameterizable frames (G505 - G599)

The number of user-specific parameterized zero offsets (G505 - G599) can be set for each
specific channel via:

MD28080 $MC_MM_NUM_USER_FRAMES = <number>

See also
Programmable work offset (G58, G59) (Page 312)

9.2 Selection of the working plane (G17/G18/G19)

The specification of the working plane, in which the desired contour is to be machined, also
defines the following functions:

® The plane for tool radius compensation
® The infeed direction for tool length offset depending on the tool type

® The plane for circular interpolation

Fundamentals
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9.2 Selection of the working plane (G17/G18/G19)

Syntax

Meaning

Example

138

G17/G18/G19, etc.

G17: Working plane X/Y
Infeed direction Z, plane selection 1st - 2nd geometry axis
G18: Working plane Z/X
Infeed direction Y, plane selection 3rd - 1st geometry axis
G19: Working plane Y/Z
Infeed direction X, plane selection 2nd - 3rd geometry axis
Note

In the default setting, G17 (X/Y plane) is defined for milling and G18 (Z/X plane) is defined for

turning.

When calling the tool path correction G41/G42 (see Section "Tool radius compensation
(Page 245)"), the working plane must be defined so that the control can correct the tool length
and radius.

The "conventional" approach for milling is:

1. Define working plane (G17 default setting for milling).

. Select tool type (T) and tool offset values (D).

2
3. Switch on path correction (G41).
4

. Program traversing movements.

Fundamentals
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9.2 Selection of the working plane (G17/G18/G19)

Program code Comment

N10 G17 T5 D8 ; Call of working plane X/Y, tool call. Tool
length offset is performed in the Z
direction.

N20 Gl G41 X10 Y30 z-5 F500 ; Radius compensation is performed in the X/
Y plane.

N30 G2 X22.5 Y40 I50 J40 ; Circular interpolation / tool radius
compensation in the X/Y plane.

Further information
General

It is recommended that the working plane G17 to G19 be selected at the start of the program.
In the default setting, the Z/X plane is preset for turning G18.

Turning:

Y

The control requires the specification of the working plane for the calculation of the direction
of rotation (see circular interpolation G2/G3).

Machining on inclined planes

Rotate the coordinate system with ROT (see Section "Coordinate system offset") to position
the coordinate axes on the inclined surface. The working planes rotate accordingly.

Tool length compensation on inclined planes

As a general rule, the tool length compensation always refers to the fixed, non-rotated working
plane.

Milling:

Fundamentals
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9.3 Dimensions

Note

The tool length components can be calculated according to the rotated working planes with
the functions for "Tool length compensation for orientable tools".

The compensation plane is selected with CUT2D, CUT2DF. For further information on this and
for the description of the available calculation methods,see Chapter "Tool radius
compensation (Page 245)".

The control provides convenient coordinate transformation functions for the spatial definition

of the working plane. Please see Chapter "Coordinate transformations (frames) (Page 303)"

for more information.

9.3 Dimensions

The basis of most NC programs is a workpiece drawing with specific dimensions.
These dimensions can be:

® |n absolute dimensions or in incremental dimensions

® |n millimeters or inches

® In radius or diameter (for turning)

Specific programming commands are available for the various dimension options so that the
data from a dimension drawing can be transferred directly (without conversion) to the NC
program.

Fundamentals
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9.3.1

Syntax

Meaning

Fundamentals

9.3 Dimensions

Absolute dimensions (G90, AC)

With absolute dimensions, the position specifications always refer to the zero point of the
currently valid coordinate system, i.e. the absolute position is programmed, on which the tool
is to traverse.

Modal absolute dimensions

Modal absolute dimensions are activated with the G90 command. Generally it applies to all
axes programmed in subsequent NC blocks.

Non-modal absolute dimensions

With preset incremental dimensions (G91), the AC command can be used to set non-modal
absolute dimensions for individual axes.

Note

Non-modal absolute dimensions (AC) are also possible for spindle positioning (SPOS, SPOSA)
and interpolation parameters (I, J, K).

G90
<axis>=AC (<value>)

G90: Command for the activation of modal absolute dimensions

AC: Command for the activation of non-modal absolute dimensions
<axis>: Axis identifier of the axis to be traversed

<value>: Position setpoint of the axis to be traversed in absolute dimensions
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9.3 Dimensions

Examples
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Example 1: Milling

i AZ X
1) 1 T 1 T =
I
AY
Te)
N
0
(32)
X
@ >
20 | 25
|

Program code

Comment

N10 G90 GO X45 Y60 Z2 T1 S2000 M3

N20 Gl Z-5 F500
N30 G2 X20 Y35 I=AC(45) J=AC(35)

’

Absolute dimension input, in rapid tra-

verse to position XYZ, tool selection,
spindle on with clockwise direction of
rotation.

’

’

Linear interpolation, feed of the tool.

Clockwise circular interpolation, cir-

cle end point and circle center point in

absolute dimensions.

N40 GO Z2 ; Traverse
N50 M30 ; End of block
Note

For information on the input of the circle center point coordinates | and J, see Section "Circular

interpolation”.

Example 2: Turning

Fundamentals
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9.3 Dimensions
A X
0 —
RS — 7
L N eI
W
15
21
27 —
Program code Comment
N5 T1 D1 S2000 M3 ; Loading of tool T1, spindle on with
clockwise direction of rotation.
N10 GO G90 X11 Z1 ; Absolute dimension input, in rapid tra-
verse to position XZ.
N20 Gl Z-15 F0.2 ; Linear interpolation, feed of the tool.
N30 G3 X11 Z-27 I=AC(-5) K=AC(-21) ; Counter-clockwise circular interpola-
tion, circle end point and circle center
point in absolute dimensions.
N40 Gl z-40 ; Traverse
N50 M30 ; End of block

Note

For information on the input of the circle center point coordinates | and J, see Section "Circular
interpolation".

See also

9.3.2 Incremental dimensions (G91, IC)

With incremental dimensions, the position specification refers to the last point approached, i.e.
the programming in incremental dimensions describes by how much the tool is to be traversed.

Modal incremental dimensions

Modal incremental dimensions are activated with the G91 command. Generally it applies to all
axes programmed in subsequent NC blocks.

Non-modal incremental dimensions

Fundamentals
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9.3 Dimensions
With preset absolute dimensions (G90), the IC command can be used to set non-modal
incremental dimensions for individual axes.
Note
Non-modal incremental dimensions (IC) are also possible for spindle positioning (SPOS,
SPOSA) and interpolation parameters (I, J, K).
Syntax
G91
<axis>=IC (<value>)
Meaning
G91: Command for the activation of modal incremental dimensions
IC: Command for the activation of non-modal incremental dimensions
<axis>: Axis identifier of the axis to be traversed
<value>: Position setpoint of the axis to be traversed in incremental dimensions

G91 extension

For certain applications, such as scratching, it is necessary that only the programmed distance
is traversed in incremental dimensions. The active zero offset or tool length offset is not
traversed.

This behavior can be set separately for the active zero offset and tool length offset via the
following setting data:

SD42440 $SC_FRAME_OFFSET_INCR_PROG (zero offsets in frames)
SD42442 $SC_TOOL_OFFSET_INCR_PROG (tool length offsets)

Value | Meaning

0 With incremental programming (incremental dimensions) of an axis, the zero offset or the tool
length offset is not traversed.

1 With incremental programming (incremental dimensions) of an axis, the zero offset or the tool
length offset is traversed.
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Examples

Example 1: Milling

Program code

* AZ X
15) % T =
*
AY
Te]
N
V%
PR
w0
(40]
20 25
|

9.3 Dimensions

Comment

N20 Gl Z-5 F500
N30 G2 X20 Y35 I0 J-25

N10 G90 GO X45 Y60 Z2 T1 S2000 M3

; Absolute dimension input, in rapid tra-
verse to position XYZ, tool selection,
spindle on with clockwise direction of
rotation

; Linear interpolation, feed of the tool.

; Clockwise circular interpolation, cir-
cle end point in absolute dimensions, cir-
cle center point in incremental dimen-

sions.
N40 GO Z2 ; Traverse
N50 M30 ; End of block
Note

For information on the input of the circle center point coordinates | and J, see Section "Circular

interpolation”.

Fundamentals
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9.3 Dimensions
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Example 2: Turning

AX
0 -~
N — Z
IR I A F— | »
W
15
21
27

Program code Comment

N5 T1 D1 S2000 M3 ; Loading of tool T1, spindle on with clockwise di-
rection of rotation.

N10 GO G90 X11 Zz1 ; Absolute dimension input, in rapid
traverse to position XZ.

N20 G1 Z-15 F0.2 ; Linear interpolation, feed of the tool.

N30 G3 X11 zZ-27 I-8 K-6 ; Counter-clockwise circular interpolation, circle
end point in absolute dimensions, circle center point
in incremental dimensions.

N40 G1 Z-40 ; Traverse

N50 M30 ; End of block

Note

For information on the input of the circle center point coordinates | and J, see Section "Circular
interpolation”.

Example 3: Incremental dimensions without traversing of the active zero offset
Settings:

® (G54 contains an offset in X of 25

e SD42440 $SC_FRAME_OFFSET_INCR_PROG =0

Program code Comment

N10 GS90 GO G54 X100

N20 G1 G91 X10 ; Incremental dimensions active, traversing in X of 10 mm
(the zero offset is not traversed).

Fundamentals
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|Program code Comment

N30 G90 X50 ; Absolute dimensions active, traverse to position X75 (the
zero offset is traversed).

See also
Absolute and incremental dimensions for turning and milling (G90/G91) (Page 147)

9.3.3 Absolute and incremental dimensions for turning and milling (G90/G91)

The two following figures illustrate the programming with absolute dimensions (G90) or
incremental dimensions (G91) using turning and milling technology examples.

Milling:
Y A
Yo
1 "”’ff'
«® ®
® O
w e N
[ce]
=)
(90
X
@ -
10 50
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Turning:

X\

‘ %
~
~
~
~
O
&
Q
)
O
4 i—
Note
On conventional turning machines, it is usual to consider incremental traversing blocks in the
transverse axis as radius values, while diameter specifications apply for the reference
dimensions. This conversion for G90 is performed using the commands DIAMON, DIAMOF or
DIAM9O.
9.34 Absolute dimensions for rotary axes (DC, ACP, ACN)

The non-modal and G90/G91-independent commands DC, ACP and ACN are available for the
positioning of rotary axes in absolute dimensions.

DC, ACP and ACN differ in the basic approach strategy:
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DC Maximum
traversing range

ACP /

a

ACN A

Syntax
<rotary axis>=DC (<value>)
<rotary axis>=ACP (<value>)
<rotary axis>=ACN (<value>)

Meaning

<rotary axis>: Identifier of the rotary axis that is to be traversed (e.g. A, B or C)

DC: Command for the direct approach to the position

The rotary axis approaches the programmed position directly on the shortest
path. The rotary axis traverses a maximum range of 180°.

ACP: Command to approach the position in a positive direction

The rotary axis traverses to the programmed position in the positive direction of
axis rotation (counter-clockwise).

ACN: Command to approach the position in a negative direction

The rotary axis traverses to the programmed position in the negative direction
of axis rotation (clockwise).

<value>: Rotary axis position to be approached in absolute dimensions

Range of values: | 0 - 360 degrees

Note

The positive direction of rotation (clockwise or counter-clockwise) is set in the machine data.

Note

The traversing range between 0° and 360° must be set in the machine data (modulo behavior)
for positioning with direction specification (ACP, ACN). G91 or IC must be programmed to
traverse modulo rotary axes more than 360° in a block.

Fundamentals
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9.3 Dimensions
Note
The commands DC, ACP and ACN can also be used for spindle positioning (SP0OS, SPOSA) from
standstill.
Example: SPOS=DC (45)
Example
Milling on a rotary table
Az The tool is stationary, the table turns to 270° in
v X aclockwise direction to produce a circular
A1 ~ groove.
of
Program code Comment
N10 SPOS=0 ; Spindle in position control.
N20 G90 GO X-20 YO 72 T1 ; Absolute dimensions, feed tool Tl in rapid tra-
verse.
N30 G1 Z-5 F500 ; Lower tool during feed.
N40 C=ACP(270) ; Table turns clockwise to 270 degrees (positive),
the tool mills a circular groove.
N50 GO z2 M30 ; Retraction, end of program.
References
Function Manual, Extended Functions; Rotary Axes (R2)
9.3.5 Inch or metric dimensions (G70/G700, G71/G710)
The following G functions can be used to switch between the metric measuring system and
the inch measuring system.
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Syntax
G70/G71
G700/G710
Meaning
G70: Activation of the inch measuring system
The inch measuring system is used to read and write geometric data in units of length.
Technological data in units of length, e.g. feedrates, tool offsets or settable zero offsets, as
well as machine data and system variables, are read and written using the parameterized
basic system (MD10240 $MN_SCALING_SYSTEM_IS_METRIC).
G71: Activation of the metric measuring system
The metric measuring system is used to read and write geometric data in units of length.
Technological data in units of length, e.g. feedrates, tool offsets or settable zero offsets, as
well as machine data and system variables, are read and written using the parameterized
basic system (MD10240 $MN_SCALING_SYSTEM_IS_METRIC).
G700: Activation of the inch measuring system
All geometrical and technological data in units of length (see above) are read and written
using the inch measuring system.
G710: Activation of the metric measuring system
All geometrical and technological data in units of length (see above) are read and written
using the metric measuring system.
Example

Changeover between inch system and metric system
The parameterized basic system is metric:
MD10240 $MN_SCALING_SYSTEM_IS_METRIC = TRUE

Yi
[ .
\
G71l G70
5. |
O
o | Yo%
Y g—- '
2 G71
D)
P> X
1.18"
2.75"
90
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Program code Comment
N10 GO G90 X20 Y30 z2 S2000 M3 T1 ; X=20 mm, Y=30 mm, Z=2 mm, F=rapid traverse mm/min
N20 Gl z-5 F500 ; Z2=-5 mm, F=500 mm/min
N30 X90 ; X=90 mm
N40 G70 X2.75 Y¥3.22 ; Prog. meas. system: inch
X=2.75 inch, Y=3.22 inch, F=500 mm/min
N50 X1.18 Y3.54 ; X=1.18 inch, Y=3.54 inch, F=500 mm/min
N6O G71 X20 Y30 ; Prog. meas. system: metric
X=20 mm, ¥Y=30 mm, F=500 mm/min
N70 GO Z2 ; Z=2 mm, F=rapid traverse mm/min
N80 M30 ; End of program

Further information

G70/G71
With G70/G71 active, only the following geometric data is interpreted in the relevant measuring
system:

® Position data (%, v, 7, ...)

e Circular-path programming:
— Interpolation point coordinates (11, J1, K1)
— Interpolation parameters (1, J, K)
— Circle radius (CR)

® Pitch (G34, G35)

® Programmable work offset (TRANS)

® Polar radius (RP)

Synchronized actions

If, in a synchronized action (condition component and/or action component) no explicit
measuring system is programmed (G70/G71/G700/G710), the measuring system which was
active in the channel at the point of execution will be applied to the synchronized action
(condition component and/or action component).

Note
Read position data in synchronized actions
If a measuring system has not been explicitly programmed in the synchronized action

(condition component and/or action component), position data specified in units of length in
the synchronized action is always read in the parameterized basic system.
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References

® Function Manual, Basic Functions; Speeds, Setpoint/Actual-Value System, Closed-Loop
Control (G2), Section "Metric/inch dimension system"

® Programming Manual, Job Planning; Section "Motion-synchronous actions"

® Function Manual, Synchronized Actions

9.3.6 Channel-specific diameter/radius programming (DIAMON, DIAM90, DIAMOF,
DIAMCYCOF)

During turning, the dimensions for the transverse axis can be specified in the diameter (D) or
in the radius (®):

30

So that the dimensions from a technical drawing can be transferred directly (without
conversion) to the NC program, channel-specific diameter or radius programming is activated
using the modal commands DIAMON, DIAM90, DIAMOF, and DIAMCYCOF.

Note

The channel-specific diameter/radius programming refers to the geometry axis defined as
transverse axis via MD20100 $MC_DIAMETER_AX_DEF (-~ see machine manufacturer's
specifications).

Only one transverse axis per channel can be defined via MD20100.

Syntax
DIAMON
DIAMI0
DIAMOF

Fundamentals
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Meaning

Example

154

DIAMON: Command for the activation of the independent channel-specific diameter program-
ming.
The effect of DIAMON is independent of the programmed dimensions mode (absolute
dimensions G90 or incremental dimensions G91):
e For G90: Dimensions in the diameter
® For G91: Dimensions in the diameter

DIAM90: Command for the activation of the dependent channel-specific diameter program-
ming.
The effect of DIAM90 depends on the programmed dimensions mode:
e For G90: Dimensions in the diameter
® For G91: Dimensions in the radius

DIAMOF: Command for the deactivation of the channel-specific diameter programming
Channel-specific radius programming takes effect when diameter programming is
deactivated. The effect of DIAMOF is independent of the programmed dimensions
mode:
® For G90: Dimensions in the radius
® For G91: Dimensions in the radius

DIAMCYCOF: Command for the deactivation of channel-specific diameter programming during cy-
cle processing.
In this way, computations in the cycle can always be made in the radius. The last G
function active in this group remains active for the position indicator and the basic
block indicator.

Note

With DTAMON or DIAM90, the transverse-axis actual values will always be displayed as a
diameter. This also applies to reading of actual values in the workpiece coordinate system with
MEAS, MEAW, $P EP[x] and $AA IW[x].

Program code

Comment

N10 GO X0 z0
N20 DIAMOF
N30 G1 X30 s200

N40 DIAMON

N50 G1 X70 z-20
N60 Z-30
N70 DIAMO0

N80 G91 X10 z-2

N90 GS0 X10

; Approach starting point.
; Diameter programming off.

0 MO3 FO0.7 ; X axis = transverse axis, radius programming
active; traverse to radius position X30.

; The diameter programming is active for the
transverse axis.

; Traverse to diameter position X70 and Z-20.

; Diameter programming for absolute dimensions
and radius programming for incremental dimen-

sions.
0 ; Incremental dimensions active.

; Absolute dimensions active.

Fundamentals
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|Program code Comment

|N100 M30 ; End of program

Further information

9.3.7

Syntax

Fundamentals

Diameter values (DIAMON/DIAM90)

The diameter values apply for the following data:

e Actual value display of the transverse axis in the workpiece coordinate system
e JOG mode: Increments for incremental dimensions and handwheel travel

® Programming of end positions:
Interpolation parameters 1, J, K for G2/G3, if these have been programmed absolutely with
AC.
If I, J, K are programmed incrementally (1C), the radius is always calculated.

® Reading actual values in the workpiece coordinate system for:
MEAS, MEAW, $P_EP[X], $SAA IW[X]

Axis-specific diameter/radius programming (DIAMONA, DIAM90A, DIAMOFA,
DIACYCOFA, DIAMCHANA, DIAMCHAN, DAC, DIC, RAC, RIC)

In addition to channel-specific diameter programming, the axis-specific diameter programming
function enables the modal or non-modal dimensions and display in the diameter for one or
more axes.

Note

The axis-specific diameter programming is only possible for axes that are permitted as further
transverse axes for the axis-specific diameter programming via
MD30460 $MA_BASE_FUNCTION_MASK (- see machine manufacturer's specifications).

Modal axis-specific diameter programming for several transverse axes in the channel:
DIAMONA [<axis>]

DIAM90A [<axis>]

DIAMOFA [<axis>]

DIACYCOFA [<axis>]

Acceptance of the channel-specific diameter/radius programming:
DIAMCHANA [<axis>]
DIAMCHAN

Non-modal axis-specific diameter/radius programming:
<axis>=DAC (<value>)
<axis>=DIC (<value>)
<axis>=RAC (<value>)
<axis>=RIC (<value>)
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Meaning

Modal axis-specific diameter programming

DIAMONA:

Command for the activation of the independent axis-specific diameter programming

The effect of DIAMONA is independent of the programmed dimensions mode
(G90/G91 or AC/IC):

e For G90, AC: Dimensions in the diameter

e ForG91, IC: Dimensions in the diameter

DIAMIY0A:

Command for the activation of the dependent axis-specific diameter programming
The effect of DIAM90A depends on the programmed dimensions mode:

e For G90, AC: Dimensions in the diameter

e ForG91,IC: Dimensions in the radius

DIAMOFA:

Command for the deactivation of the axis-specific diameter programming

Axis-specific radius programming takes effect when diameter programming is de-
activated. The effect of DIAMOFA is independent of the programmed dimensions
mode:

e For G90, AC: Dimensions in the radius

e For G91, IC: Dimensions in the radius

DIACYCOFA:

Command for the deactivation of axis-specific diameter programming during cycle
processing.
In this way, computations in the cycle can always be made in the radius. The last

G function active in this group remains active for the position indicator and the
basic block indicator.

<axis>:

Axis identifier of the axis for which the axis-specific diameter programming is to be
activated.

Permitted axis identifiers are as follows:

® Geometry/channel axis name
or

® Machine axis name

Range of values: | The axis specified must be a known axis in the channel.
Other conditions:

® The axis must be permitted for the axis-specific diameter
programming via
MD30460 $MA_BASE_FUNCTION_MASK.

® Rotary axes are not permitted to serve as transverse axes.

Acceptance of the channel-specific diameter/radius programming

DIAMCHANA:

With the DIAMCHANA [<axis>] command, the specified axis accepts the channel
status of the diameter/radius programming and is then assigned to the channel-
specific diameter/radius programming.

DIAMCHAN:

With the DIAMCHAN command, all axes permitted for the axis-specific diameter
programming accept the channel status of the diameter/radius programming and
are then assigned to the channel-specific diameter/radius programming.

Non-modal axis-specific diameter/radius programming

The non-modal axis-specific diameter/radius programming specifies the dimension type as a diameter
or radius value in the part program and synchronized actions. The modal status of diameter/radius
programming remains unchanged.
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DAC:

The DAC command sets the following dimensions to non-modal for the specified

axis:

Diameter in absolute dimensions

DIC:

axis:

The DIC command sets the following dimensions to non-modal for the specified

Diameter in incremental dimensions

RAC:

axis:

The RAC command sets the following dimensions to non-modal for the specified

Radius in absolute dimensions

RIC:

axis:

The RIC command sets the following dimensions to non-modal for the specified

Radius in incremental dimensions

Note

With DIAMONA [<axis>] or DIAMO0A [<axis>], the transverse-axis actual values are
always displayed as a diameter. This also applies to reading of actual values in the workpiece
coordinate system with MEAS, MEAW, $P_EP[x] and $SAA IW[x].

Note

During the replacement of an additional transverse axis because of a GET request, the status
of the diameter/radius programming in the other channel is accepted with
RELEASE [<axis>].

Examples

Example 1: Modal axis-specific diameter/radius programming

X is the transverse axis in the channel, axis-specific diameter programming is permitted for Y.

Program code

Comment

N10
N15
N20
N25
N30

N35
N40
N45

Fundamentals

GO X0 z0O DIAMON
DIAMOF
DIAMONA[Y]

X200 Y100
DIAMCHANA[Y]

X50 Y100
DIAMON
X50 Y100

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3

’

’

7

’

’

Channel-specific diameter programming active for X.
Channel-specific diameter programming off.

Modal axis-specific diameter programming active for Y.
Radius programming active for X.

Y accepts the status of the channel-specific diameter/

radius programming and is assigned to this.

’

’

’

Radius programming active for X and Y.
Channel-specific diameter programming on.

Diameter programming active for X and Y.
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Example 2: Non-modal axis-specific diameter/radius programming
X is the transverse axis in the channel, axis-specific diameter programming is permitted for Y.

Program code Comment

N10 DIAMON ; Channel-specific diameter pro-
gramming on.

N15 GO G90 X20 Y40 DIAMONA[Y] ; Modal axis-specific diameter
programming active for Y.

N20 GOl X=RIC(5) ; Dimensions effective in this
block for X: Radius in incremen-

tal dimensions.

N25 X=RAC (80) ; Dimensions effective in this
block for X: Radius in absolute
dimensions.

N30 WHEN $SAA71M[Y]> 50 DO POS[X]=RIC(1) ; X is command axis.

Dimensions effective in this
block for X: Radius in incremen-
tal dimensions.

N40 WHEN $SAA IM[Y]> 60 DO POS[X]=DAC(10) ; X is command axis.
Dimensions effective in this
block for X: Radius in absolute

dimensions.

N50 G4 F3

Further information
Diameter values (DIAMONA/DIAMS90A)
The diameter values apply for the following data:
e Actual value display of the transverse axis in the workpiece coordinate system
e JOG mode: Increments for incremental dimensions and handwheel travel

® Programming of end positions:
Interpolation parameters 1, J, K for G2/G3, if these have been programmed absolutely with
AC.
If T, J, K are programmed incrementally (1C), the radius is always calculated.

® Reading actual values in the workpiece coordinate system for:
MEAS, MEAW, $P_EP[X], $AA IW[X]

Non-modal axis-specific diameter programming (DAC, DIC, RAC, RIC)

The statements DAC, DIC, RAC, RIC are permissible for any commands for which channel-
specific diameter programming is relevant:

® Axis position: X. .., POS, POSA
e Oscillating: 0sP1, 0SP2, 0SS, OSE, POSP
® |nterpolation parameters: I, J, K

e Contour definition: Straight line with specified angle
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® Rapid retraction: POLF [AX]
® Movement in tool direction: MOVT

® Smooth approach and retraction:
G140t0G143,G147,G148, G247, G248, G347, G348, G340, G341

9.4 Position of workpiece for turning

Axis identifiers

The two geometry axes perpendicular to one another are usually called:

Longitudinal axis | = Z axis (abscissa)
Transverse axis = X axis (ordinate)

Workpiece zero

Whereas the machine zero is permanently defined, the workpiece zero can be freely selected
on the longitudinal axis. Generally the workpiece zero is on the front or rear side of the
workpiece.

Both the machine and the workpiece zero are on the turning center. The settable offset on the
X axis is therefore zero.

X Machine X

Workpiece

Workpiece W

zero I

front @ Z .
Workpiece

|
G54...G599 or TRANS
2 Machine | X Workpiece

Workpiece

zero

rear z .
Workpiece

G54 ...G599
or TRANS

M Machine zero

W Workpiece zero

zZ Longitudinal axis

X Transverse axis

G54 t0 G599 Call for the position of the workpiece zero

or TRANS
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Transverse axis

Generally the dimensions for the transverse axis are diameter specifications (double path
dimension compared to other axes):

- X

Transverse axis

@ SR I U I

AZ
CP;
N

D1

D2

Longitudinal axis

The geometry axis that is to serve as transverse axis is defined in the machine data (-~ machine
manufacturer).

Fundamentals
160 Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Motion commands 1

10.1 General information about the travel commands

Contour elements
The programmed workpiece contour can be made up of the following contour elements:
e Straight lines
e Circular arcs

® Helical curves (through overlaying of straight lines and circular arcs)

Travel commands
The following travel commands are available for the creation of these contour elements:
® Rapid traverse motion (G0)
® Linear interpolation (G1)
e Circular interpolation clockwise (G2)
e Circular interpolation counter-clockwise (G3)

The travel commands are modal.

Target positions

A motion block contains the target positions for the axes to be traversed (path axes,
synchronized axes, positioning axes).

The target positions can be programmed in Cartesian coordinates or in polar coordinates.

Note

The axis address may only be programmed once per block.

Starting point - target point

The traversing motion is always for the last point reached to the programmed target position.

This target position is then the starting position for the next travel command.

Fundamentals
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10.1 General information about the travel commands

Workpiece contour

NOTICE
Tool operation undefined

Before machining, the workpiece must be positioned in such a way that the tool or workpiece
cannot be damaged.

The motion blocks produce the workpiece contour when performed in succession:

Figure 10-1  Motion blocks for turning

Figure 10-2 Motion blocks for milling
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10.2 Travel commands with Cartesian coordinates (GO, G1, G2, G3, X..., Y..., Z...)

10.2 Travel commands with Cartesian coordinates (G0, G1, G2, G3, X...,
Y...Z.)

The position specified in the NC block with Cartesian coordinates can be approached with
rapid traverse motion G0, linear interpolation G1 or circular interpolation G2 /G3.

Syntax
GO X.. Y.. Z
Gl X.. Y.. Z
G2 X.. Y.. Z
G3 X.. Y.. Z
Meaning
GO: Command for the activation of rapid traverse motion
G1: Command for the activation of linear interpolation
G2: Command for the activation of clockwise circular interpolation
G3: Command for the activation of counter-clockwise circular interpolation
Cartesian coordinate of the target position in the X direction
Y...: Cartesian coordinate of the target position in the Y direction
Cartesian coordinate of the target position in the Z direction
Note
In addition to the coordinates of the target position x. .., Y. .., Z. . ., the circularinterpolation
G2 / G3 also requires further data (e.g. the circle center point coordinates; see "Circular
interpolation types (G2/G3, ...) (Page 176)").
Example

6
20
/

@

p—

Z+

<

20
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Program code Comment

N10 G17 S400 M3 ; Selection of the working plane, spindle clockwise

N20 GO X40 Y-6 Z2 ; Approach of the starting position specified with Cartesian
coordinates in rapid traverse

N30 Gl Z-3 F40 ; Activation of the linear interpolation, feed of the tool

N40 X12 Y-20 ; Travel on an inclined line to an end position specified with

Cartesian coordinates

N50 GO z100 M30 ; Retraction in rapid traverse for tool change
10.3 Travel commands with polar coordinates
10.3.1 Reference point of the polar coordinates (G110, G111, G112)

The point from which the dimensioning starts is called the pole.
The pole can be specified in Cartesian or polar coordinates.

The reference point for the pole coordinates is clearly defined with the G110 to G112
commands. Absolute or incremental dimension inputs therefore have no effect.

Syntax
G110/G111/G112 X.. Y.. Z..
G110/G111/G112 AP=.. RP=..
Meaning
G110 ...: With the command G110, the following pole coordinates refer to the last position
reached.
G111 ...: With the command G111, the following pole coordinates refer to the zero point of
the current workpiece coordinate system.
G112 ...: With the command G112, the following pole coordinates refer to the last valid
pole.
Note:
The commands G110...G112 must be programmed in a separate NC block.
X Yo 7. Specification of the pole in Cartesian coordinates
AP=.. RP=.. Specification of the pole in polar coordinates
AP=.. Polar angle

Angle between the polar radius and the horizontal axis of the working
plane (e.g. X axis for G17). The positive direction of rotation runs coun-
ter-clockwise.

Range of values: | +0...360°
RP=..: Polar radius

The specification is always in absolute positive values in [mm] or [inch].
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Note

It is possible to switch block-by-block in the NC program between polar and Cartesian
dimensions. It is possible to return directly to the Cartesian system by using Cartesian
coordinate identifiers (X..., Y..., Z...). The defined pole is moreover retained up to program end.

Note

If no pole has been specified, the zero point of the current workpiece coordinate system applies.

Example

Poles 1 to 3 are defined as follows:
Y G112 (X) ® Pole 1 withc111 X.. Y.
® Pole 2 with G110 X.. Y..
® Pole 3withGc112 X.. Y..

Pole 3

G112 (Y)
G110 (Y)
30°
G111 (\{)G | _X

Fundamentals
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10.3 Travel commands with polar coordinates

10.3.2 Travel commands with polar coordinates (GO, G1, G2, G3, AP, RP)

Travel commands with polar coordinates are useful when the dimensions of a workpiece or
part of the workpiece are measured from a central point and the dimensions are specified in
angles and radii (e.g. for drilling patterns).

LY

162°_]

90°

234° 306°

|

G0/G1/G2/G3 AP=.. RP=..

Command for the activation of rapid traverse motion

Command for the activation of linear interpolation

Command for the activation of clockwise circular interpolation

Command for the activation of counter-clockwise circular interpolation

Polar angle

Angle between the polar radius and the horizontal axis of the working plane (e.g. X axis for
G17). The positive direction of rotation runs counter-clockwise.

Range of values: +0...360°

The angle can be specified either incremental or absolute:

AP=AC(...): Absolute dimension input

AP=IC(...): Incremental dimension input

With incremental dimension input, the last programmed angle applies
as reference.

The polar angle remains stored until a new pole is defined or the working plane is changed.

Polar radius
The specification is always in absolute positive values in [mm] or [inch].

The polar radius remains stored until a new value is entered.

Syntax

Meaning
GO:
G1:
G2:
G3:
AP:
RP:
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Fundamentals

10.3 Travel commands with polar coordinates

Note

The polar coordinates refer to the pole specified with G110 ... G112 and apply in the working
plane selected with G17 to G19.

Note

The 3rd geometry axis, which lies perpendicular to the working plane, can also be specified
in Cartesian coordinates (see the following diagram). This enables spatial parameters to be

programmed in cylindrical coordinates.

Example: G17 GO AP.. RP.. Z..

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3
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Supplementary conditions

e No Cartesian coordinates such as interpolation parameters, axis addresses, etc. may be
programmed for the selected working plane in NC blocks with polar end point coordinates.

e [f a pole has not been defined with G110 ... G112, then the zero point of the current
workpiece coordinate system is automatically considered as the pole:

AY

&

b

® Polarradius RP =0
The polar radius is calculated from the distance between the starting point vector in the
pole plane and the active pole vector. The calculated polar radius is then saved as modal.
This applies irrespective of the selected pole definition (G110 ... G112). If both points have
been programmed identically, this radius = 0 and alarm 14095 is generated.

® Only polar angle AP has been programmed
If no polar radius RP has been programmed in the current block, but a polar angle AP, then
when there is a difference between the current position and pole in the workpiece
coordinates, this difference is used as polar radius and saved as modal. If the difference =
0, then the pole coordinates are specified again and the modal polar radius remains at zero.
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10.3 Travel commands with polar coordinates

Example
Creation of a drilling pattern

LY The positions of the holes are specified in polar
coordinates.
Each hole is machined with the same produc-
tion sequence:
Rough-drilling, drilling as dimensioned, ream-
ing ...
The machining sequence is stored in the sub-
program.

o

™

D
T
I

Program code Comment

N10 G17 G54 ; Working plane X/Y, workpiece zero.

N20 G111 X43 Y38 ; Specification of the pole.

N30 GO RP=30 AP=18 Z5 ; Approach starting point, specification in cy-
lindrical coordinates.

N40 L10 ; Subprogram call.

N50 G91 AP=72 ; Approach next position in rapid traverse, polar
angle in incremental dimensions, polar radius
from block N30 remains saved and does not have to
be specified.

N60 L10 ; Subprogram call.

N70 AP=IC(72)

N80 L10

N90 AP=IC(72)

N100 L10

N110 AP=IC(72)

N120 L10

N130 GO X300 Y200 Z100 M30 ; Retract tool, end of program.

See also

Circular interpolation types (G2/G3, ...) (Page 176)

Fundamentals
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10.4 Rapid traverse motion (GO, RTLION, RTLIOF)

10.4

Syntax

Meaning

170

Rapid traverse motion (GO, RTLION, RTLIOF)

The rapid traverse velocity of an axis is its maximum permissible velocity defined using
machine data:

e MD32000 SMA_MAX_AX_VELO (maximum axis velocity) will still apply even after the
coupling is activated

Rapid traverse motion is used, for example:
® Quickly positioning a tool

® Passing around the workpiece

® Approaching tool change points

® Retracting the tool

Note

The function is not suitable for workpiece machining!

GO X.. Y.. Z..

GO AP=..

GO RP=..

RTLIOF

RTLION

GO: Traversing the axis with rapid traverse velocity
Effective: Modal

Xevo Youlo Z...: Specifying the end point in Cartesian coordinates

AP=...: Specifying the end point in polar coordinates angle

RP=...: Specifying the end point in polar coordinates radius

RTLIOF: Non-linear interpolation of the path axes = all path axes reach their endpoint
independently of one another

RTLION: Linear interpolation of the path axes = all path axes reach their endpoint
simultaneously

Fundamentals
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10.4 Rapid traverse motion (GO, RTLION, RTLIOF)

Examples
Example 1: Milling
Y
w*
\/\/6.0
1
7.
)
3 (Y
&
N\ 30
80
Program code Comment
N10 G90 S400 M3 ; Absolute dimension input, spindle clockwise
N20 GO X30 Y20 Z2 ; Approach the starting position
N30 Gl z-5 F1000 ; Tool infeed
N40 X80 Y65 ; Traversing along a straight line
N50 GO z2
N60 GO X-20 Y100 Z100 M30 ; Retract tool, end of program
Example 2: Turning
X
A
N8O _ _ — = 7 -V@,
- /
7
QY
<7
=)
©
y s
w0
N
Q
=4+ | —& -
7.5 Za
85
50
Fundamentals
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10.4 Rapid traverse motion (GO, RTLION, RTLIOF)

N40 G95 Z-7.5 F0.2

Further information

172

Rapid traverse velocity

Program code Comment

N10 G90 5400 M3 ; Absolute dimension input, spindle clockwise
N20 GO X25 75 ; Approach the starting position

N30 G1 G94 70 F1000 ; Tool infeed

N50 X60 Zz-35 ; Traversing along a straight line
N60 Z-50

N70 GO X62

N80 GO X80 z20 M30 ; Retract tool, end of program

The tool movement programmed with GO is executed at the highest possible speed (rapid
traverse). The rapid traverse speed is defined separately for each axis in machine data. If the
rapid traverse movement is executed simultaneously on several axes, the rapid traverse speed
is determined by the axis which requires the most time for its section of the path.

Az

Path
component (Z)

Path component (Y)
ath component (X)

X

Traverse path axes as positioning axes with GO

Path axes can travel in one of two different modes to execute movements in rapid traverse:

® Linear interpolation (RTLION):
The path axes are interpolated together.

¢ Non-linear interpolation (RTLIOF):

Each path axis interpolates as a single axis (positioning axis) independently of the other

axes of the rapid traverse motion.

Fundamentals
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10.4 Rapid traverse motion (GO, RTLION, RTLIOF)

With non-linear interpolation, the setting for the appropriate positioning axis (BRISKA, SOFTA,
DRIVER) applies with reference to the axial jerk.

NOTICE

Risk of collision

For non-linear interpolation, generally another contour is traversed along than for linear
interpolation. As a consequence, synchronized actions that refer to path coordinates, are
under certain circumstances not active.

In spite of programmed rapid traverse (G0), linear interpolation (G01) is applied in the following
cases:

® For a G code combination with GO that does not permit positioning motion (e.g. tool radius
correction G40/G41/G42)

® \When using GO together with continuous path mode G64, G641, ... G645
® For active compressor (COMPCAD)
® For active transformation

Example:

Program code

GO X0 Y10
GO G40 X20 Y20
GO G95 X100 7100 M3 sS100

Path POS[X]=0 POS[Y]=10is traversed in path mode. No revolutional feedrate is active if path
POS[X]=100 POS[Z]=100 is traversed.

Settable block change time with GO

For single-axis interpolation, a new end-of-motion criterion FINEA or COARSEA or TPOENDA
can be set for block change even within the braking ramp.

Consecutive axes are handled in GO like positioning axes.

With the combination of

® "Block change settable in the braking ramp of the single axis interpolation" and

® "Traversing path axes in rapid traverse movement as positioning axes with G0"

all axes can travel to their end point independently of one another. In this way, two sequentially
programmed X and Z axes are treated like positioning axes in conjunction with GO.

The block change to axis Z can be initiated by axis X as a function of the braking ramp time
setting (100-0%). Axis Z starts to move while axis X is still in motion. Both axes approach their
end point independently of one another.

For additional information, see Chapter Eeedrate control (Page 95) and spindle motion
(Page 79).
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10.5 Linear interpolation (G1)

10.5

Syntax

Meaning

174

Linear interpolation (G1)

With G1 the tool travels on paraxial, inclined or straight lines arbitrarily positioned in space.
Linear interpolation permits machining of 3D surfaces, grooves, etc.

Milling:
9
4
3
/
7/ﬂ<\r
Wi [
Gl X.. Y.. Z .. F.
Gl AP=.. RP=.. F..
G1: Linear interpolation with feedrate (linear interpolation)
X Y. Z End point in Cartesian coordinates
AP= End point in polar coordinates, in this case polar angle
RP= End point in polar coordinates, in this case polar radius
F. Feedrate in mm/min. The tool travels at feedrate F along a straight line from

the current starting point to the programmed destination point. You can enter
the destination point in Cartesian or polar coordinates. The workpiece is ma-
chined along this path.

Example: G1 G94 X100 Y20 Z30 A40 F100

The end point on X, Y, Z is approached at a feedrate of 100 mm/min; the
rotary axis A is traversed as a synchronized axis, ensuring that all four move-
ments are completed at the same time.

Fundamentals
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10.5 Linear interpolation (G1)

Note

G1 is modal.

Spindle speed s and spindle direction M3/M4 must be specified for the machining.

Axis groups, for which path feedrate F applies, can be defined with FGROUP. You will find more
information in the "Path behavior" section.

Examples

Example 1: Machining of a groove (milling)

The tool travels from the starting point to the
% end point in the X/Y direction. Infeed takes
place simultaneously in the Z direction.

Program code

Comment

N10
N20
N30
N40
N50

Fundamentals
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G17 s400 M3
GO0 X20 Y20 Z2
Gl z-2 F40
X80 Y80 z-15
GO Z100 M30

; Selection of the working plane, spindle clockwise
; Approach the starting position

; Tool infeed

; Travel on an inclined line

; Retraction for tool change
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10.6 Circular interpolation

10.6

10.6.1

176

Example 2: Machining of a groove (turning)

X+ X+
A A
\ ol o
;! 1Y
&) > —
Y+ i Iz N z+
N s 1.3
20
 J \
X- X-'
Program code Comment
N10 G17 S400 M3 ; Selection of the working plane, spindle clockwise
N20 GO X40 Y-6 72 ; Approach the starting position
N30 Gl Z-3 F40 ; Tool infeed
N40 X12 Y-20 ; Travel on an inclined line
N50 GO z100 M30 ; Retraction for tool change

Circular interpolation

Circular interpolation types (G2/G3, ...)

Possibilities of programming circular movements

The control provides a range of different ways to program circular movements. This allows you
to implement almost any type of drawing dimension directly. The circular motion is described
by the:

Center point and end point in the absolute or incremental dimension (default)

Radius and end point in Cartesian coordinates

Opening angle and end point in Cartesian coordinates or center point under the addresses
Polar coordinates with the polar angle AP= and the polar radius RP=

Intermediate and end point

End point and tangent direction at the start point.

Fundamentals
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Syntax

Meaning

Fundamentals
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10.6 Circular interpolation

G2/G3 X..

I=AC(..) J=AC(..) K=AC(..) ; Absolute center point and end
point with reference to the work-
piece zero

G2/G3 X.. I Center point in incremental dimen-
sions with reference to the circle
starting point

G2/G3 X.. CR=. Circle radius CR= ..., end point in
Cartesian coordinates X..., Y..., Z...

G2/G3 X. . AR Opening angle AR=..., end pointin
Cartesian coordinates X..., Y..., Z...

G2/G3 I.. . AR=.. ; Opening angle AR=..., center point
at addresses I..., J..., K...

G2/G3 AP=.. =.; Polar coordinates: Polar angle
AP=..., polar radius RP=...

CIP X.. Y.. Z.. I1=AC (.. K1=AC(..) ; The intermediate point at address-
es 1=, J1=, K1=

CT X.. Y.. Circle through starting and end
point and tangent direction at start-
ing point

G2: Circular interpolation clockwise

G3: Circular interpolation counter-clockwise

CIP: Circular interpolation through intermediate point

CT: Circle with tangential transition defines the circle

X. End point in Cartesian coordinates
Circle center point in Cartesian coordinates in X, Y, Z direc-
tion

CR=...: Circle radius

AR=...: Opening angle

AP=...: End point in polar coordinates, in this case polar angle

RP=...: End point in polar coordinates, in this case polar radius cor-

responding to circle radius
I1=... J1 . Kl=...: Intermediate points in Cartesian coordinates in X, Y, Z direc-

tion
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10.6 Circular interpolation

Examples
Example 1: Milling
Y The following program lines contain an exam-
1 ple for each circular-path programming possi-
bility. The necessary dimensions are shown in
the production drawing on the right.
Sl
(V'z g
< <y
o
~
©
=
<
~
Y A
A\ 20
115
133 N
Program code Comment
N10 GO G90 X133 Y44.48 S800 M3 ; Approach starting point
N20 G17 G1 Z-5 F1000 ; Tool infeed
N30 G2 X115 Y113.3 I-43 J25.52 ; Circle end point, center
point in incremental dimensions
N30 G2 X115 Y113.3 I=AC(90) J=AC(70) ; Circle end point, center
point in absolute dimensions
N30 G2 X115 Y113.3 CR=-50 ; Circle end point, circle ra-
dius
N30 G2 AR=269.31 I-43 J25.52 ; Opening angle, center point
in incremental dimensions
N30 G2 AR=269.31 X115 Y113.3 ;Opening angle, circle end
point
N30 CIP X115 Y113.3 Z-10 I1l=IC(-...) J1=IC(...) Kl=IC(-...) ; Circle end point and inter-
mediate point: Coordinates for
all three geometry axes
N40 M30 ; End of program
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10.6 Circular interpolation

Example 2: Turning

XA
T82.326° N\
\35.9447
20
I (-_25 €£DT$_ 8 =}
54.25 SRS S
75 Q 9 9 8§ §
95
Program code Comment
N..
N120 GO X12 z0
N125 G1 X40 Z-25 F0.2
N130 G3 X70 Y-75 I-3.335 K-29.25 ; Circle end point, center point in incremental
dimensions
N130 G3 X70 Y-75 I=AC(33.33) K=AC(-54.25) ; Circle end point, center point in absolute di-
mensions
N130 G3 X70 Z-75 CR=30 ; Circle end point, circle radius
N130 G3 X70 z-75 AR=135.944 ;Opening angle, circle end point
N130 G3 I-3.335 K-29.25 AR=135.944 ; Opening angle, center point in incremental di-
mensions
N130 G3 I=AC(33.33) K=AC(-54.25) AR=135.944 ; Opening angle, center point in absolute dimen-
sions
N130 G111 X33.33 z-54.25 ; Polar coordinates
N135 G3 RP=30 AP=142.326 ; Polar coordinates
N130 CIP X70 Z-75 I1=93.33 Kl=-54.25 ; Circular arc with intermediate point and end
point
N140Gl Z-95
N..
N40 M30 ; End of program
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10.6 Circular interpolation

10.6.2 Circular interpolation with center point and end point (G2/G3, X... Y...Z..., ... J...
K...)

Circular interpolation enables machining of full circles or arcs.

The circular motion is described by:
® The end point in Cartesian coordinates X, Y, Z and
® The circle center point at addresses |, J, K.

If the circle is programmed with a center point but no end point, the result is a full circle.

Syntax
G2/G3 X.. Y.. Z.. I.. J. K.
G2/G3 X.. Y.. Z.. I=AC(..) J=AC(..) K=(AC..)
Meaning
G2: Circular interpolation clockwise
G3: Circular interpolation counter-clockwise
XY Z: End point in Cartesian coordinates
I: Coordinates of the circle center point in the X direction
J: Coordinates of the circle center point in the Y direction
K: Coordinates of the circle center point in the Z direction
=AC (...): Absolute dimensions (non-modal)
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10.6 Circular interpolation

Note
G2 and G3 are modal.

The default settings G90/G91 absolute and incremental dimensions are only valid for the circle
end point.

Per default, the center point coordinates 1, J, K are entered in incremental dimensions in
relation to the circle starting point.

You can program the absolute center point dimensions in relation to the workpiece zero block-
by-block with: T=AC (...), J=AC (...) , K=AC (...) . One interpolation parameter 1, J, K with value
0 can be omitted, but the associated second parameter must always be specified.

Examples

Example 1: Milling

Circle
starting point

\ Y

ﬁ

[
30.211

I
4
| —

— 4

Circle
end point

50.000

o) = X
—[17.203~ —~117.500/~—

=AC(.)

J=AC(..)
50.000

38.029

Center point data using incremental dimensions
N10 GO X67.5 Y80.211
N20 G3 X17.203 Y¥38.029 I-17.5 J-30.211 F500

Center point data using absolute dimensions
N10 GO X67.5 Y80.211
N20 G3 X17.203 Y¥38.029 I=AC(50) J=AC(50)
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10.6 Circular interpolation

Example 2: Turning

YN

75

25

D

N\ %

95

@ 40
270

Center point data using incremental dimensions

N120 GO X12 ZzO0

N125 G1 X40 z-25 F0.2
N130 G3 X70 z-75 I-3.335 K-29.25

N135 G1 z-95

Center point data using absolute dimensions

N120 GO X12 ZzO0

N125 G1 X40 z-25 F0.2
N130 G3 X70 zZ-75 I=AC(33.33)

N135 G1 z-95

Further information

182

Indication of working plane

K=AC (-54.25)
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10.6.3

Syntax

Fundamentals

10.6 Circular interpolation

The control needs the working plane parameter (G17 to G19) to calculate the direction of
rotation for the circle (G2 is clockwise or G3 is counter-clockwise).

It is advisable to specify the working plane generally.
Exception:

You can also machine circles outside the selected working plane (not with arc angle and helix
parameters). In this case, the axis addresses that you specify as an end point determine the
circle plane.

Programmed feedrate

FGROUP can be used to specify which axes are to be traversed with a programmed feedrate.
For more information please refer to the Path behavior section.

Circular interpolation with radius and end point (G2/G3, X... Y... Z..., CR)

The circular motion is described by the:
e (Circle radius cCrR=and
® End point in Cartesian coordinates X, Y, Z.

In addition to the circle radius, you must also specify the leading sign +/- to indicate whether
the traversing angle is to be greater than or less than 180°. A positive leading sign can be
omitted.

Note

There is no practical limitation on the maximum size of the programmable radius.

G2/G3 X.. Y.. Z.. CR=...
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10.6 Circular interpolation

Meaning
G2: Circular interpolation clockwise
G3: Circular interpolation counter-clockwise
Xeee Yoo Zuul End point in Cartesian coordinates. These specifications depend on the
travel commands G90/G91 or ...=AC(...)/...=IC(..)
CR=...: Circle radius
The meanings are as follows:
CR=+...: Angle less than or equal to 180°
CR=-...: Angle greater than 180°
Note
You don't need to specify the center point with this procedure. Full circles (traversing angle
360°) are not programmed with CR=, but via the circle end position and interpolation
parameters.
Examples

Example 1: Milling

Y
A
in
2 A
o
(o]
S
)
o
-
—17.203 |=—
67.500
Program code
N10 GO X67.5 Y80.511
N20 G3 X17.203 ¥38.029 CR=34.913 F500

Fundamentals
184 Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Motion commands

10.6 Circular interpolation

Example 2: Turning

A X
]
L z
SIS
75 Qs
95
Program code
N125 G1 X40 Z-25 F0.2
N130 G3 X70 Z-75 CR=30
N135 G1 Z-95
10.6.4 Circular interpolation with opening angle and center point (G2/G3, X... Y... Z.../

... J... K..., AR)
The circular motion is described by:
® The opening angle AR = and
® The end point in Cartesian coordinates X, Y, Z or

® The circle center at addresses |, J, K

Syntax
G2/G3 X.. Y.. Z.. AR=
G2/G3 I.. J.. K.. AR=
Meaning
G2: Circular interpolation clockwise
G3: Circular interpolation counter-clockwise
XY Z: End point in Cartesian coordinates

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3 185



Moftion commands

10.6 Circular interpolation

Examples

186

Circle center point in Cartesian coordinates (in X, Y, Z direction)
The meanings are as follows:

I: Coordinate of the circle center point in the X direction

J: Coordinate of the circle center point in the Y direction

K: Coordinate of the circle center point in the Z direction

AR=":

Opening angle, range of values 0° to 360°

=AC (...):

Absolute dimensions (non-modal)

Note

Full circles (traversing angle 360°) cannot be programmed with AR=, but must be programmed
using the circle end position and interpolation parameters. Per default, the center point
coordinates I, J, K are entered in incremental dimensions in relation to the circle starting point.

You can program the absolute center point dimensions in relation to the workpiece zero block-
by-block with: I=AC(...), J=AC(...), K=AC(...). One interpolation parameter I, J, K with value 0
can be omitted, but the associated second parameter must always be specified.

Example 1: Milling

Circle starting
oint
Y A
x =
N JI 2
©; 3
N (30)
| v
i \l
S N —
o ) |
2| =@
ol S Aperture|angle
©
o
® .
—{17.203 |=— —[17.500 [=—
50.000
Program code
N10 GO X67.5 Y80.211
N20 G3 X17.203 ¥38.029 AR=140.134 F500
N20 G3 I-17.5 J-30.211 AR=140.134 F500
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Example 2: Turning

A X
AN2:326°
20
1§ z
(N =
2% T o
54.25 3 s
95 S

Program code

10.6 Circular interpolation

N125 G1 X40 Z-25 F0.2
N130 G3 X70 Z-75 AR=135.944
N130 G3 I-3.335 K-29.25 AR=135.944
N130 G3 I=AC(33.33) K=AC(-54.25) AR=135.944
N135 G1 Z-95
10.6.5 Circular interpolation with polar coordinates (G2/G3, AP, RP)

The circular motion is described by:

® The polar angle AP=...

® The polar radius RP=...

The following rule applies:

® The pole lies at the circle center.

® The polar radius corresponds to the circle radius.

G2/G3 AP= RP=

Circular interpolation clockwise

Circular interpolation counter-clockwise

Syntax
Meaning
G2:
G3:
XY Z:

End point in Cartesian coordinates

Fundamentals
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10.6 Circular interpolation

AP=: End point in polar coordinates, in this case polar angle

RP=: End point in polar coordinates, in this case polar radius corresponds to circle radius

Examples

Example 1: Milling

80.211
I

50.000

\
X

50.000
67.500

Program code

N10 GO X67.5 ¥80.211
N20 G111 X50 Y50
N30 G3 RP=34.913 AP=200.052 F500

Example 2: Turning

\A2'326°

20

YN

g
©

2 33.33
@ 40

25

54.25

95
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10.6 Circular interpolation

Program code

N125 G1 X40 z-25 FO0.2
N130 G111 X33.33 Z-54.25
N135 G3 RP=30 AP=142.326
N140 G1 z-95

10.6.6 Circular interpolation with intermediate point and end point (CIP, X...Y...Z..., I1...
J1...K1..)

CIP can be used to program arcs. These arcs can also be inclined in space. In this case, you
describe the intermediate and end points with three coordinates.

The circular motion is described by:
® The intermediate point at addresses 1=, J1=, K1= and

® The end point in Cartesian coordinates X, Y, Z.

Y
Y A

/—
,ﬁmediate point

NY

The traversing direction is determined by the order of the starting point, intermediate point and
end point.

Syntax
CIP X.. Y.. Z.. I1=AC(..) J1=AC(..) Kl=(AC..)
Meaning
CIP: Circular interpolation through intermediate point
Effective: Modal
XY Z: End pointin Cartesian coordinates. These specifications depend on the travel
commands G90/G91 or ...=AC(...)/...=IC(..)
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10.6 Circular interpolation

I1= Jl= Kl=: Interpolation parameters: Intermediate points in Cartesian coordinates (in X,
Y, Z direction)

The meanings are as follows:

I1: Coordinate of the intermediate point in the X direction
J1: Coordinate of the intermediate point in the Y direction
K1: Coordinate of the intermediate point in the Z direction
=AC(..): Absolute dimensions (non-modal)
=IC(..): Incremental dimensions (non-modal)

Input in absolute and incremental dimensions

The G90/G91 defaults for absolute or incremental dimensions are valid for the intermediate
and circle end points.

With G91, the circle starting point is used as the reference for the intermediate point and end
point.

Turning technology

Note

The diameter programming of the interpolation parameter for the transverse axis is not
supported with CIP in the circular-path programming. The interpolation parameter for the
transverse axis must therefore be programmed in the radius.

Examples

Example 1: Milling

In order to machine an inclined circular groove,

Y y | acircle is described by specifying the inter-
A 85.35 A mediate point with three interpolation parame-
— ters, and the end point with three coordinates.

a2 7
N

120

35.35

D
©

60
¥

|
YN

80 2
130 r
el
10
Program code Comment
N10 GO G90 X130 Y70.70 S800 M3 ; Approach starting point.
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10.6 Circular interpolation

Program code Comment

N20 G17 Gl Z-2 F100 ; Feed of the tool.

N30 CIP X80 Y120 Z-10 I1=IC(-85.35) J1=IC(-35.35) ; Circle end point and inter-
Kl=-6 mediate point.

; Coordinates for all three ge-
ometry axes.

N40 M30 ; End of program

Example 2: Turning

AX
™
2
[se)
of Rl &
Q z
S\ —
25 P B
54.25
75
95
Program code
N125 G1 X40 z-25 F0.2
N130 CIP X70 z-75 I1=IC(26.665) ; Interpolation parameter Il for trans-
K1=IC(-29.25) verse axis must be programmed in the ra-
or dius.
N130 CIP X70 Z-75 I1=46.665 K1=-54.25
N135 Gl Z-95
10.6.7 Circular interpolation with tangential transition (CT, X... Y... Z...)

The Tangential transition function is an expansion of the circle programming.
The circle is defined by:

® The start and end point and

® The tangent direction at the start point.

The G code CT produces an arc that lies at a tangent to the contour element programmed
previously.
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10.6 Circular interpolation

Syntax

Meaning

192

Arc S-E at a tangent to the
straight line 1-2

S
. .
1 2
E
Arcs that lie at a tangent depend
on the previous contour element
CT3
L1 S
C— - — CT2
L2 _— CT1
P E

Determination of the tangent direction

The tangent direction in the starting point of a CT block is determined from the end tangent of
the programmed contour of the last block with a traversing motion.

There can be any number of blocks without traversing information between this block and the
current block.

CT X.. Y.. Z..

CT: Circle with tangential transition
Xeee Yoo Zuul End point in Cartesian coordinates
Note

CT is modal.

As arule, the circle is clearly defined by the tangent direction as well as the starting point and
end point.

Fundamentals
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Examples

Example 1: Milling

10.6 Circular interpolation

Fundamentals

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3

Milling a circular arc with CT directly after the
LY with TRC straight part.
J | 4
of | L= X
@ — >
30
50
60
70
80
Program code Comment
N10 GO X0 YO z0 G90 T1 D1
N20 G41 X30 Y30 G1 F1000 ; Activation of TRC.
N30 CT X50 Y15 ; Circular-path programming with tangential transi-
tion.
N40 X60 Y-5
N50 G1 X70
N60 GO G40 X80 YO z20
N70 M30
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10.6 Circular interpolation

Example 2: Turning

AX
A
) z
/4 [
\L_pes -
30 T s
42 w 3 Sl F
N O B ®
Q Q
Program code Comment
N110 G1 X23.293 z0 F10
N115 X40 Z-30 F0.2
N120 CT X58.146 Z-42 ; Circular-path programming with tangential transition.

N125 G1 X70

Further information

194

Splines

In the case of splines, the tangential direction is defined by the straight line through the last
two points. In the case of A and C splines with active ENAT or EAUTO, this direction is generally
not the same as the direction at the end point of the spline.

The transition of B splines is always tangential, the tangent direction is defined as for A or C
splines and active ETAN.

Frame change

If a frame change takes place between the block defining the tangent and the CT block, the
tangent is also subjected to this change.

Limit case

If the extension of the start tangent runs through the end point, a straight line is produced
instead of a circle (limit case: circle with infinite radius). In this special case, TURN must either
not be programmed or the value must be TURN=0.

Note

When the values tend towards this limit case, circles with an unlimited radius are produced
and machining with TURN unequal 0 is generally aborted with an alarm due to violation of the
software limits.

Fundamentals
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10.7 Helical interpolation (G2/G3, TURN)

Position of the circle plane
The position of the circle plane depends on the active plane (G17-G19).

If the tangent of the previous block does not lie in the active plane, its projection in the active
plane is used.

If the start and end points do not have the same position components perpendicular to the
active plane, a helix is produced instead of a circle.

10.7 Helical interpolation (G2/G3, TURN)

The helical interpolation enables, for example, the production of threads or oil grooves.

With helical interpolation, two motions are superimposed and executed in parallel:
® A plane circular motion on which

® A vertical linear motion is superimposed.

Syntax
G2/G3 X.. Y.. Z.. I.. J.. K.. TURN=
G2/G3 X.. Y.. Z.. I.. J.. K.. TURN=
G2/G3 AR=.. I.. J.. K.. TURN=
G2/G3 AR=.. X.. Y.. Z.. TURN=
G2/G3 AP.. RP=.. TURN=
Meaning
G2: Travel on a circular path in clockwise direction
G3: Travel on a circular path in counter-clockwise direction

Fundamentals
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10.7 Helical interpolation (G2/G3, TURN)

Example

196

XY 7Z: End point in Cartesian coordinates

I JK: Circle center point in Cartesian coordinates

AR: Opening angle

TURN= : Number of additional circular passes in the range from 0 to 999
AP=: Polar angle

RP=: Polar radius
Note

G2 and G3 are modal.

The circular motion is performed in those axes that are defined by the specification of the
working plane.

\Y Y
S / "
o
Nl
AN
Va o fa
> »
Y20 el
27.5 -20

Program code

Comment

N40 M30

N20 G1 z-5 F50

N10 G17 GO X27.5 ¥32.99 Z3

N30 G3 X20 Y5 Z-20 I=AC(20)

’

tion.

’

J=AC (20) TURN=2 ;

tions:

Feed of the tool.

Approach the starting posi-

Helix with the specifica-
Execute two full cir-

cles after the starting posi-

tion,

point.

’

End of program

then travel to end

Fundamentals
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10.8 Involute interpolation (INVCW, INVCCW)

Further information

10.8

Fundamentals

Sequence of motions

1. Approach starting point

2. Execute the full circles programmed with TURN=.
3. Approach circle end position, e.g. as part rotation.
4. Execute steps 2 and 3 across the infeed depth.

The pitch, with which the helix is to be machined is calculated from the number of full circles
plus the programmed circle end position (executed across the infeed depth).

Start point

L 1st full circle
[ 2nd full circle
[ 3rd full circle

z
L/
\‘ End point as

partial rotation

Target point

Programming the end point for helical interpolation
Please refer to circular interpolation for a detailed description of the interpolation parameters.
Programmed feedrate

For helical interpolation, it is advisable to specify a programmed feedrate override (CFC).
FGROUP can be used to specify which axes are to be traversed with a programmed feedrate.
For more information please refer to the Path behavior section.

Involute interpolation (INVCW, INVCCW)

The involute of the circle is a curve traced out from the end point on a "piece of string" unwinding
from the curve.

Involute interpolation allows trajectories along an involute. It is executed in the plane in which
the basic circle is defined and runs from the programmed starting point to the programmed
end point.
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10.8 Involute interpolation (INVCW, INVCCW)

Syntax

Meaning

198

Circle center point (X,,Y,)

Radius Starting
/ point

Basic circle

(XY)

End point

The end point can be programmed in two ways:
1. Directly via Cartesian coordinates

2. Indirectly by specifying an opening angle (also refer to the programming of the opening
angle for the circular-path programming)

If the starting point and the end point are in the plane of the basic circle, then, analogous to
the helical interpolation for circles, there is a superimposition to a curve in space.

With additional specification of paths perpendicular to the active plane, an involute can be
traversed in space (comparable to the helical interpolation for circles).

INVCW X... Y... Z2... I... J... K... CR=...
INVCCW X... Y... Z... I... J... K... CR=...
INVCW I... J... K... CR=... AR=...
INVCCW IT... J... K... CR=... AR=...
INVCHW: Command to travel on an involute in clockwise direction
INVCCW: Command to travel on an involute in counter-clockwise direction
Xewoo Youlo Z.o..: Direct programming of the end point in Cartesian coordinates
I... J... K...: Interpolation parameters for the description of the center point of the
basic circle in Cartesian coordinates
Note:
The coordinate specifications refer to the starting point of the involute.
CR=...: Radius of the basic circle

Fundamentals
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10.8 Involute interpolation (INVCW, INVCCW)

AR=...: Indirect programming of the end point through specification of an
opening angle (angle of rotation)

The origin of the opening angle is the line from the circle center point
to the starting point.

AR>0: The path of the involute moves away from the basic cir-
cle.
AR <O: The path of the involute moves towards the basic circle.

For AR < 0, the maximum angle of rotation is restricted
by the fact that the end point must always be outside the
basic circle.

Indirect programming of the end point through specification of an opening angle

NOTICE

Opening angle undefined

With the indirect programming of the end point through specification of an opening angle AR,
the sign of the angle must be taken into account, as a sign change would result in another
involute and therefore another path.

This is demonstrated in the following example:

End points

Starting point

The specifications of the radius and center point of the basic circle as well as the starting point
and direction of rotation (INVCW/INVCCW) are the same for involutes 1 and 2. The only
difference is in the sign of the opening angle:

e With AR > 0, the path is on involute 1 and end point 1 is approached.
e With AR < 0, the path is on involute 2 and end point 2 is approached.

Fundamentals
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10.8 Involute interpolation (INVCW, INVCCW)

Supplementary conditions

e Both the starting point and the end point must be outside the area of the basic circle of the
involute (circle with radius CR around the center point specified by |, J, K). If this condition
is not satisfied, an alarm is generated and the program processing is aborted.

® The two options for the programming of the end point (directly via Cartesian coordinates
orindirectly via the specification of an opening angle) are mutually exclusive. Consequently,
only one of the two programming options may be used in a block.

e |f the programmed end point does not lie exactly on the involute defined by the starting
point and basic circle, interpolation takes place between the two involutes defined by the
starting and end points (see following figure).

Starting point
Radius
U/ >
Basic circle End point max.
deviation

The maximum deviation of the end point is determined by a machine data (— machine
manufacturer). If the deviation of the programmed end point in the radial direction is greater
than that by the MD, then an alarm is generated and the program processing aborted.

Fundamentals
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Examples

Fundamentals

10.8 Involute interpolation (INVCW, INVCCW)

Example 1: Counter-clockwise involute from the starting point to the programmed end point

and back again as clockwise involute

Y N20 End point:

b
:
I
N30
I
I
I
|

X=32.77 Y =3277

KJ N20 Starting point:
X=10 Y=0

Program code

Comment

N10 Gl X10 YO F5000
N15 G17

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3

N20 INVCCW X32.77 Y32.77 CR=5 I-10 JO

N30 INVCW X10 YO CR=5 I-32.77 J-32.77

; Approach the starting position.

; Selection of the X/Y plane as
working plane.

; Counter-clockwise involute, end
point in Cartesian coordinates.

; Clockwise involute, starting
point is end point from N20, new
end point is starting point from
N20, new circle center point refers
to a new starting point and is the
same as the old circle center point.
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10.9 Conftour definitions

Example 2: Counter-clockwise involute with indirect programming of the end point through
specification of an opening angle

Starting point:
X=10 Y=0

AR =360

@
)

Program code Comment

N10 G1 X10 YO0 F5000 ; Approach the starting position.

N15 G17 ; Selection of the X/Y plane as working
plane.

N20 INVCCW CR=5 I-10 J0 AR=360 ; Counter-clockwise involute and away from

the basic circle (as positive angle speci-
fication) with one full revolution (360 de-

grees) .

References
For more information about machine data and supplementary conditions that are relevant to
involute interpolation, see:
Function Manual, Basic Functions; Various NC/PLC interface signals and functions (A2),
Section: "Settings for involute interpolation”

10.9 Contour definitions

10.91 Contour definition programming

Function

The contour definition programming is used for the quick input of simple contours.

Fundamentals
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10.9 Confour definitions

Programmable are contour definitions with one, two, three or more points with the transition
elements chamfer or rounding, through specification of Cartesian coordinates and/or angles
(ANG or ANG1 and ANG2).

Arbitrary further NC addresses can be used, e.g. address letters for further axes (single axes
or axis perpendicular to the machining plane), auxiliary function specifications, G codes,
velocities, etc. in the blocks that describe contour definitions.

Note
Contour calculator

The contour definitions can be programmed easily with the aid of the contour calculator. This
is a user interface tool that enables the programming and graphic display of simple and
complex workpiece contours. The contours programmed via the contour calculator are
transferred to the part program.

References:
Operating Manual

Parameterization
The identifiers for angle, radius and chamfer are defined via machine data:
MD10652 $MN_CONTOUR_DEF_ANGLE_NAME (name of the angle for contour definitions)
MD10654 $MN_RADIUS_NAME (name of the radius for contour definitions)
MD10656 $MN_CHAMFER_NAME (name of the chamfer for contour definitions)

Note

See machine manufacturer's specifications.

10.9.2 Contour definitions: One straight line

Note

In the following description it is assumed that:

® (18 is active (= active working plane is the Z/X plane).
(However, the programming of contour definitions is also possible without restrictions with
G17 or G19.)

e The following identifiers have been defined for angle, radius and chamfer:
— ANG (angle)
— RND (radius)
— CHR (chamfer)

Fundamentals
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10.9 Conftour definitions

Syntax

Meaning

Example

204

The end point of the straight line is defined by the following specifications:
® Angle ANG

® One Cartesian end point coordinate (X2 or Z2)

X
A
X2,272
ANG
X1, 21
> 7

ANG: Angle of the straight line

X1, Z1: Start coordinates

X2, Z2: End point coordinates of the straight line
X... ANG=...

Z... ANG=...

Xou.: End point coordinate in the X direction

Zo.o.: End point coordinate in the Z direction

ANG: Identifier for angle programming

The specified value (angle) refers to the abscissa of the active working plane (Z axis with
G18).

Program code Comment

N10 X5 z70 F1000 G18 ; Approach the starting position

N20 X88.8 ANG=110 ; Straight line with angle specification
N30 ...

Fundamentals
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10.9.3

Fundamentals

10.9 Confour definitions

or

Program code Comment

N10 X5 z70 F1000 G18 ; Approach the starting position

N20 z39.5 ANG=110 ; Straight line with angle specification
N30 ...

Contour definitions: Two straight lines

Note

In the following description it is assumed that:

® (18 is active (= active working plane is the Z/X plane).
(However, the programming of contour definitions is also possible without restrictions with

G17 or G19.)
e The following identifiers have been defined for angle, radius and chamfer:
— ANG (angle)
— RND (radius)
— CHR (chamfer)

The end point of the first straight line can be programmed by specifying the Cartesian
coordinates or by specifying the angle of the two straight lines. The end point of the second
straight line must always be programmed with Cartesian coordinates. The intersection of the
two straight lines can be designed as a corner, curve or chamfer.

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3 205



Moftion commands

10.9 Conftour definitions

X
A X3, Z3
Can also be rounding
/ or chamfer
X2,272
X1, Z1
> 7
ANG1: Angle of the first straight line
ANG2: Angle of the second straight line
X1, Z1: Start coordinates of the first straight line
X2, 722: End point coordinates of the first straight line or
start coordinates of the second straight line
X3, Z3: End point coordinates of the second straight line

Syntax

Programming of the end point of the first straight line by specifying the angle

e Corner as transition between the straight lines:

ANG=...
X... Z.. ANG=..

® Rounding as transition between the straight lines:

ANG=... RND=...
X... Z.. ANG=..

e Chamfer as transition between the straight lines:

ANG=... CHR=...

X... Z.. ANG=..

Programming of the end point of the first straight line by specifying the coordinates

e Corner as transition between the straight lines:

Fundamentals
206 Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Motion commands

e Rounding as transition between the straight lines:

X.. Z.. RND=...
X 2.

e Chamfer as transition between the straight lines:

X.. Z.. CHR=...

Meaning

10.9 Confour definitions

ANG=. .. :

Identifier for angle programming

The specified value (angle) refers to the abscissa of the active working plane (Z

axis with G18).

RND=...:

Identifier for programming a rounding

The specified value corresponds to the radius of the rounding:

Rounding

CHR=...:

Identifier for programming a chamfer

The specified value corresponds to the width of the chamfer in the direction of

motion:

Angle bisector

Coordinates in the X direction

Coordinates in the Z direction

Fundamentals
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10.9 Conftour definitions

Note

For further information on the programming of a chamfer or rounding, see "Chamfer, rounding
(CHF, CHR, RND, RNDM, FRC, FRCM) (Page 237)".

Example
Program code Comment
N10 X10 780 F1000 G18 ; Approach the starting position.
N20 ANG=148.65 CHR=5.5 ; Straight line with angle and chamfer specification.
N30 X85 740 ANG=100 ; Straight line with angle and end point specification.
N40 ...

10.9.4 Contour definitions: Three straight lines
Note

208

In the following description it is assumed that:

® (18 is active (= active working plane is the Z/X plane).
(However, the programming of contour definitions is also possible without restrictions with

G17 or G19.)
e The following identifiers have been defined for angle, radius and chamfer:
— ANG (angle)
— RND (radius)
— CHR (chamfer)

The end point of the first straight line can be programmed by specifying the Cartesian
coordinates or by specifying the angle of the two straight lines. The end point of the second
and third straight lines must always be programmed with Cartesian coordinates. The
intersection of the straight lines can be designed as a corner, a curve, or a chamfer.

Fundamentals
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10.9 Confour definitions

X
A Can also be rounding
or chamfer
X1, 21
A
ANG1: Angle of the first straight line
ANG2: Angle of the second straight line
X1, Z1: Start coordinates of the first straight line
X2, Z22: End point coordinates of the first straight line or
start coordinates of the second straight line

X3, Z3: End point coordinates of the second straight line or

start coordinates of the third straight line
X4, Z4: End point coordinates of the third straight line

Note

The programming described here for a three point contour definition can be expanded
arbitrarily for contour definitions with more than three points.

Syntax

Programming of the end point of the first straight line by specifying the angle
e Corner as transition between the straight lines:

ANG=...
X... Z.. ANG=..
X Z..

® Rounding as transition between the straight lines:

ANG=... RND=...
X.. Z.. ANG=.. RND=...

Fundamentals
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10.9 Confour definitions

e Chamfer as transition between the straight lines:

ANG=... CHR=...
X.. Z.. ANG=.. CHR=...

Programming of the end point of the first straight line by specifying the coordinates

® Corner as transition between the straight lines:

X 2.
X Z...
X 2.

® Rounding as transition between the straight lines:

X.. Z.. RND=...
X.. Z.. RND=. ..

e Chamfer as transition between the straight lines:

X.. Z.. CHR=...
X.. Z.. CHR=...
Koo Do
Meaning
ANG=...: Identifier for angle programming

The specified value (angle) refers to the abscissa of the active working plane (Z
axis with G18).

RND=...: Identifier for programming a rounding
The specified value corresponds to the radius of the rounding:

Rounding
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10.9 Confour definitions

CHR=...: Identifier for programming a chamfer

The specified value corresponds to the width of the chamfer in the direction of
motion:

1 CHR
|
1 1

S

Chamfer (N

Angle bisector

X...: Coordinates in the X direction

Zouuu: Coordinates in the Z direction

Note

For further information on the programming of a chamfer or rounding, see " Chamfer, rounding
(CHF, CHR, RND, RNDM, FRC, FRCM) (Page 237) ".

Example
Program code Comment
N10 X10 Z100 F1000 G18 ; Approach the starting position
N20 ANG=140 CHR=7.5 ; Straight line with angle and chamfer specifica-
tion.
N30 X80 Z70 ANG=95.824 RND=10 ; Straight line to intermediate point with angle
and chamfer specification.
N40 X70 750 ; Straight line to end point.
10.9.5 Contour definitions: End point programming with angle
Function

If the address letter A appears in an NC block, either none, one or both of the axes in the active
plane may also be programmed.

Fundamentals
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10.10 Thread cutting

Number of programmed axes

® |f no axis of the active plane has been programmed, then this is either the first or second
block of a contour definition consisting of two blocks.
If it is the second block of such a contour definition, then this means that the starting point
and end point in the active plane are identical. The contour definition is then at best a motion
perpendicular to the active plane.

o |f exactly one axis of the active plane has been programmed, then this is either a single
straight line whose end point can be clearly defined via the angle and programmed
Cartesian coordinate or the second block of a contour definition consisting of two blocks.
In the second case, the missing coordinate is set to the same as the last (modal) position
reached.

e |f two axes of the active plane have been programmed, then this is the second block of a
contour definition consisting of two blocks. If the current block has not been preceded by
a block with angle programming without programmed axes of the active plane, then this
block is not permitted.

Angle A may only be programmed for linear or spline interpolation.

10.10 Thread cutting

10.10.1 Thread cutting with constant lead (G33, SF)
Threads with constant lead can be machined with G33:
e Cylindrical thread
e Face thread @
e Taper thread ®

Fundamentals
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Fundamentals

10.10 Thread cutting

Note

Technical requirement for thread cutting with G33 is a variable-speed spindle with position
measuring system.

Multiple thread

Multiple thread (thread with offset cuts) can be machined by specifying a starting point offset.
The programming is performed in the G33 block at address SF.

Starting point offset in °

Starting angle
for thread
(setting data)

Note

If no starting point offset is specified, the "starting angle for thread" defined in the setting data
is used.

Thread chain

A thread chain can be machined with several G33 blocks programmed in succession:

%
(o4
h’/[é ‘9@/

e 2nd set 1st set
with G33 with G33
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10.10 Thread cutting

Syntax

Meaning

214

Note

With continuous-path mode G64, the blocks are linked by the look-ahead velocity control in
such a way that there are no velocity jumps.

Direction of rotation of the thread

The direction of rotation of the thread is determined by the direction of rotation of the spindle:

® Clockwise with M3 produces a right-hand thread

® Counter-clockwise with M4 produces a left-hand thread

Cylinder thread:

G33 Z.. K.
G33 Z.. K.. SF=...
Face thread:
G33 X.. I..
G33 X.. I.. SF=..

Tapered thread:
G33 X.. Z.. K.

G33 X.. Z.. K.. SF=..
G33 X.. Z.. I.
G33 X.. Z.. I.. SF=..

G33: Command for thread cutting with constant lead
X... Y. z End point(s) in Cartesian coordinates

I.. Thread lead in X direction

J.. Thread lead in Y direction

K.. Thread lead in Z direction

Z: Longitudinal axis

X: Transverse axis

Z... K.. Thread length and lead for cylinder threads

X. . Thread diameter and thread lead for face threads
I...0r K...: Thread lead for tapered threads

The specification (I... or K...) refers to the taper angle:

<45°; The thread lead is specified with K. . . (thread lead in longitu-

dinal direction).

> 45°: The thread lead is specified with I. . (thread lead in transverse
direction).
=45°; The thread lead can be specified with T... ork. ...

Fundamentals
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10.10 Thread cutting

SF=...: Starting point offset (only required for multiple threads)
The starting point offset is specified as an absolute angle position.
Range of values: | 0.0000 to 359.999 degrees

Examples

Example 1: Double cylinder thread with 180° starting point offset

Starting point 0°

@
\I/ @ 100
]

Star_ting point

100 10 |180°

Program code Comment

N10 G1 G54 X99 Z10 sS500 F100 M3 ; Work offset, approach starting point, ac-
tivate spindle.

N20 G33 7z-100 K4 ; Cylinder thread: End point in Z.

N30 GO X102 ; Retraction to starting position.

N40 GO Zz10

N50 G1 X99

N60 G33 Z-100 K4 SF=180 ; 2nd cut: Starting point offset 180°.

N70 GO X110 ; Retract tool.

N80 GO z10

N90 M30 ; End of program

Fundamentals
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10.10 Thread cutting

Example 2: Tapered thread with angle less than 45°

A X
N /
o
Q
o
T
Q
I A
60
Program code Comment
N10 G1 X50 Z0 S500 F100 M3 ; Approach starting point, activate spindle.
N20 G33 X110 z-60 K4 ; Tapered thread: End point in X and 7, specifi-
cation of thread lead with K... in Z direction
(since angle < 45°).
N30 GO z0 M30 ; Retraction, end of program.

Further information
Feedrate for thread cutting with G33

From the programmed spindle speed and the thread lead, the control calculates the required
feedrate with which the turning tool is traversed over the thread length in the longitudinal and/
or transverse direction. The feedrate F is not taken into account for G33, the limitation to
maximum axis velocity (rapid traverse) is monitored by the control.
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A
Se
o
7S A

Speed

Cylinder thread

The cylinder thread is described by:

® Thread length
® Thread lead

10.10 Thread cutting

The thread length is entered with one of the Cartesian coordinates X, Y or Z in absolute or
incremental dimensions (for turning machines preferably in the Z direction). Allowance must
also be made for the run-in and run-out paths, across which the feed is accelerated or

decelerated.

The thread lead is entered at addresses 1, J, K (K is preferable for turning machines).

Run-out path

Run-in path

—@

Face thread

Fundamentals
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10.10 Thread cutting

The face thread is described by:
e Thread diameter (preferably in the X direction)

® Thread lead (preferably with 1)

;

Diameter

4{7

|
Lead

S

Tapered thread

The tapered thread is described by:

e End point in the longitudinal and transverse direction (taper contour)
® Thread lead

The taper contour is entered in Cartesian coordinates X, Y, Z in absolute or incremental
dimensions - preferentially in the X and Z direction for machining on turning machines.
Allowance must also be made for the run-in and run-out paths, across which the feed is
accelerated or decelerated.

The specification of the lead depends on the taper angle (angle between the longitudinal axis
and the outside of the taper):

Fundamentals
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o45° 1

49@ > 7

10.10.2 Programmed run-in and run-out path (DITS, DITE):

The DITS and DITE commands can be used to program the path ramp for acceleration and
braking, providing a means of adapting the feedrate accordingly if the tool run-in/run-out is too
short:

® Run-in path too short
Due to the collar on the thread runin, little room is left for the tool start ramp. This must
therefore be specified shorter via DITS.

® Run-out path too short
Because of the shoulder at the thread run-out, there is not much room for the tool braking
ramp, introducing a risk of collision between the workpiece and the tool cutting edge.
The tool braking ramp can be specified shorter using DITE. However, there is still a risk of
collision.
Run-out: Program a shorter thread, reduce the spindle speed.

—»  |-4— Run-in/run-out path
(dependent on machining
direction)
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Syntax

Meaning

Example

DITS=<value>
DITE=<value>

DITS: Define thread run-in path

DITE: Define thread run-out path

<value>: Value specification for the run-in/run-out path
Range of values: -1,0,...n

Note

Only paths, and not positions, are programmed with DITS and DITE.

Note

The DITS and DITE commands relate to setting data
SD42010 $SC_THREAD_RAMP_DISP[0,1], in which the programmed paths are written. If no
run-in/deceleration path is programmed before or in the first thread block, the corresponding
value is determined by the current value of SD42010.

References:
Function Manual, Basic Functions; Feedrates (V1)

Program code Comment

N40 G90 GO z100 X10 SOFT M3 S500
N50 G33 7z50 K5 SF=180 DITS=1 DITE=3 ; Start of smoothing with Z=53.
N60 GO X20

Further information

220

If the run-in and/or run-out path is very short, the acceleration of the thread axis is higher than
the configured value. This causes an acceleration overload on the axis.

Alarm 22280 ("Programmed run-in path too short") is then issued for the thread run-in (with
the appropriate configuration in MD11411 $MN_ENABLE_ALARM_MASK). The alarm is
purely for information and has no effect on part program execution.
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Syntax

Meaning

Fundamentals

10.10 Thread cutting

MD10710 $SMN_PROG_SD_RESET_SAVE_TAB can be used to specify that the value written
by the part program is written to the corresponding setting data during RESET. The values
are, therefore, retained following power off/on.

Note

DITE acts at the end of the thread as a rounding clearance. This achieves a smooth change
in the axis movement.

When a block with the DITS and/or DITE command is loaded to the interpolator, the path
programmed under DITS is written to SD42010 $SC_THREAD_RAMP_DISP[0] and the path
programmed under DITE is written to SD42010 $SC_THREAD_RAMP_DISP[1].

The current dimensions setting (inch/metric) is applied to the programmed run-in/run-out path.

Thread cutting with increasing or decreasing lead (G34, G35)

With the commands G34 and G35, the G33 functionality has been extended with the option of
programming a change in the thread lead at address F. With G34, this results in a linear
increase and with G35 to a linear decrease of the thread lead. The commands G34 and G35
can therefore be used for the machining of self-tapping threads.

Cylinder thread with increasing lead:
G34 Z.. K. F...

Cylinder thread with decreasing lead:
G35 Z.. K. F...

Face thread with increasing lead:
G34 X.. I.. F...

Face thread with decreasing lead:
G35 X.. I.. F...

Taper thread with increasing lead:
G34 X.. Z.. K. F...
G34 X.. Z.. I.. F...

Taper thread with decreasing lead:
G35 X.. Z.. K. F...
G35 X.. Z.. I.. F...

G34: Command for thread cutting with linear increasing lead
G35: Command for thread cutting with linear decreasing lead
Xevo Youo Zo..: End point(s) in Cartesian coordinates

Thread lead in X direction

J.o..: Thread lead in Y direction
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Thread lead in Z direction

F...: Thread lead change

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

K2-K?2
F=——" [mm/revy
2+1,

The meanings are as follows:

Ke: Thread lead (thread lead of axis target point coordinate) [mm/rev]

Ka: Starting thread lead (programmed under |, J, or K) [mm/rev]

lg: Thread length [mm]

Example
Program code Comment
N1608 M3 S10 ; Spindle on.
N1609 GO G64 z40 X216 ; Approach starting point.
N1610 G33 Z0 K100 SF=R14 ; Thread cutting with constant lead
(100 mm/rev) .
N1611 G35 Zz-200 K100 F17.045455 ; Lead decrease: 17.0454 mm/rev2
Lead at end of block: 50 mm/rev.
N1612 G33 Zz-240 K50 ; Traverse thread block without jerk.
N1613 GO X218
N1614 GO z40
N1615 M17
References

Function Manual, Basic Functions; Feedrates (V1), Section "Linear increasing/decreasing
thread lead change with G34 and G35"

10.10.4 Fast retraction during thread cutting (LFON, LFOF, DILF, ALF, LFTXT, LFWP,
LFPOS, POLF, POLFMASK, POLFMLIN)

The "Rapid retraction during thread cutting (G33)" function can be used to interrupt thread
cutting without causing irreparable damage in the following circumstances:

® NC stop via NC/PLC interface signal: DB21, ... DBX7.3 (NC stop)
e Alarms that implicitly trigger NC stop

e Switching of a rapid input
References
Programming Manual, Job Planning; Section "Rapid retraction from the contour"
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The retraction motion can be programmed via:
® Retraction path and retraction direction (relative)

® Retraction position (absolute)

Note
NC stop signals

The following NC stop signals do not trigger a rapid retraction during thread cutting:
e DB21, ... DBX3.4 (NC stop axes plus spindles)

e DB21, ... DBX7.2 (NC stop at the block limit)

Tapping

The "Rapid retraction" function cannot be used with tapping (G331/G332).

Enable rapid retraction, retraction motion via retraction path and retraction direction:
G33 ... LFON DILF=<value> LFTXT/LFWP ALF=<value>

Enable rapid retraction, retraction motion via retraction position:

POLF [<axis identifier>]=<value> LFPOS
POLFMASK/POLFMLIN (<axis 1 name>,<axis 2 name>, etc.)
G33 ... LFON

Disable rapid retraction during thread cutting:

LFOF
LFON: Enable rapid retraction during thread cutting (G33)
LFOF: Disable rapid retraction during thread cutting (G33)
DILF=: Define length of retraction path
The value preset during MD configuration (MD21200 $MC_LIFTFAST_DIST) can be
modified in the part program by programming DILF.
Note:
The configured MD value is always active following NC-RESET.
LETXT The retraction direction is controlled in conjunction with ALF with G functions
LEWP: LFTXT and LEWP.
LETXT: The plane in which the retraction motion is executed is calculated from
the path tangent and the tool direction (default setting).
LEWP: The plane in which the retraction motion is executed is the active working
plane.
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ALF=:

The direction is programmed in discrete degree increments with ALF in the plane of
the retraction motion.

With LETXT, retraction in the tool direction is defined for ALF=1.
For LEWP, the direction in the working/machining plane has the following assignment:
® G17 (X/Y plane)

ALF=1 ; Retraction in the X direction

ALF=3 ; Retraction in the Y direction

® (18 (Z/X plane)
ALF=1 ; Retraction in the Z direction
ALF=3 ; Retraction in the X direction
® G19(Y/Z plane)
ALF=1 ; Retraction in the Y direction

ALF=3 ; Retraction in the Z direction

References:
Programming options with ALF are also described in "Traverse direction for rapid
retraction from the contour" in the Programming Manual, Job Planning.

LFPOS:

Retraction of the axis declared with POLFMASK or POLFMLIN to the absolute axis
position programmed with POLF.

POLFMASK:

Release of axes (<axis 1 name>,<axis 1 name>, etc.) forindependent
retraction to absolute position.

POLFMLIN:

Release of axes for retraction to absolute position in linear relation

Note:
Depending on the dynamic response of all the axes involved, the linear relation can-
not always be established before the lift position is reached.

POLF[]:

Define absolute retraction position for the geometry axis or machine axis in the index

Effective: Modal

=<value>: In the case of geometry axes, the assigned value is interpreted
as a position in the workpiece coordinate system. In the case of
machine axes, it is interpreted as a position in the machine coor-
dinate system.

The values assigned can also be programmed as incremental di-
mensions:

=IC<value>

<axis
identifier>

Identifier of a geometry axis or machine axis.

Note

LFON or LFOF can always be programmed, but the evaluation is performed exclusively during
thread cutting (G33).

Note

POLF with POLFMASK/POLFMLIN are not restricted to thread cutting applications.

224
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Examples
Example 1: Enable rapid retraction during thread cutting

Program code Comment

N55 M3 S500 G90 G18 ; Active machining plane

; Approach the starting position

N65 MSG ("thread cutting") ; Tool infeed

MM THREAD:

N67 $AC_LIFTFAST=0 ; Reset before starting the thread.
N68 GO Z5

N68 X10

N70 G33 7Z30 K5 LFON DILF=10 LFWP ALF=7 ; Enable rapid retraction during

thread cutting.

Retraction path = 10 mm

Retraction plane: Z/X (because of G18)
Retraction direction: -X

(with ALF=3: Retraction direction +X)

N71 G33 z55 X15

N72 G1 ; Deselect thread cutting.

N69 IF $AC_LIFTFAST GOTOB MM THREAD ; If thread cutting has been interrup-
ted.

N90 MSG ("")

N70 M30

Example 2: Switch off rapid retraction before tapping.

Program code Comment

N55 M3 S500 G90 GO X0 z0

N87 MSG ("tapping")

N88 LFOF ; Deactivate rapid retraction before tapping.
N89 CYCLE... ; Tapping cycle with G33.

N90 MSG ("")

N99 M30

Example 3: Rapid retraction to absolute retraction position

Path interpolation of X is suppressed in the event of a stop and a motion executed to position
POLF[X] at maximum velocity instead. The motion of the other axes continues to be determined
by the programmed contour or the thread lead and the spindle speed.

|Program code Comment

|N10 GO G90 X200 70 S200 M3
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Program code Comment

N30 X135
N40 X155
N50 X145
N55 X210

M30

N22 POLF[X

N20 GO G90 X170

]=210 LFPOS

N23 POLFMASK (X) ; Activate (enable) rapid retraction from axis X.
N25 G33 X100 I10 LFON

Z-45 K10
Z-128 K10
Z-168 K10
I10

N60 GO Z0 LFOF
N70 POLFEFMASK () ; Disable 1lift for all axes.

10.10.5 Convex thread (G335, G336)

The G functions G335 and G336 can be used to turn convex threads (= differing to the
cylindrical form). Application is the machining of extremely large components that sag in the
machine because of their self-weight. Paraxial thread would result in the thread being too small
in the middle of the component. This can be compensated with convex threads.

Long, sagging workpiece

Circular tool path \

Thread turning tool

Figure 10-3 Turning a convex thread

Programming

The turning of a convex thread is programmed with G335 or G336:

G335:

Turning of a convex thread on a circular tool path in a clockwise direction

G336:

Turning of a convex thread on a circular tool path in a counter-clockwise direction

The programming is performed first as for a linear thread by specifying the axial block end

points and the pitch via parameters 1, J and K (see "Thread cutting with constant lead (G33,
SE) (Page 212)").
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An arc is also specified. As for G2/G3, this can be programmed via the center point, radius,
opening angle or intermediate point specification (see "Circular interpolation (Page 176)").
When programming the convex thread with center point programming, the following must be
taken into account: Since I, J and K are used for the pitch in thread cutting, the circle

parameters in the center point programming must be programmed with IR=. .., JR=. .. and
KR=....

IR=...: Cartesian coordinate for the circle center point in the X direction

JR=...: Cartesian coordinate for the circle center point in the Y direction

KR=...: Cartesian coordinate for the circle center point in the Z direction
Note

IR, JR and KR are the default values of the interpolation parameter names for a convex thread
that can be set via machine data (MD10651 $MN_IPO_PARAM_THREAD_NAME_TAB).

Differences to the default values must be taken from the specifications of the machine
manufacturer.

Optionally, a starting point offset SF can also be specified (see "
lead (G33, SF) (Page 212)").
Syntax

The syntax for the programming of a convex thread therefore has the following general form:
G335/G336 <axis target point coordinate(s)> <pitch> <arc> [<starting
point offset>]

Example 1: Convex thread in the clockwise direction with end and center point programming

Program code Comment
N5 GO G18 X50 Z50 ; Approach starting point.
N10 G335 Z100 K=3.5 KR=25 IR=-20 SF=90 ; Turn convex thread in the clock-

wise direction.
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X
A
K
Start point Ll End point
|
504 — — **\, - ——— = /
IRI Fa Center point |
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N
50 75 100 z

Figure 10-4 Convex thread in the clockwise direction with end and center point programming

Example 2: Convex thread in the counter-clockwise direction with end and center point
programming

Program code Comment
N5 GO G18 X50 z50 ; Approach starting point.
N10 G336 2100 K=3.5 KR=25 IR=20 SF=90 ; Turn convex thread in the coun-

ter-clockwise direction.

“’b‘*&/&

End point

o
-

\
\
[
\
1
50 75 100 Z

Figure 10-5 Convex thread in the counter-clockwise direction with end and center point programming

Example 3: Convex thread in the clockwise direction with end point and radius programming

|Program code

N5 GO G18 X50 z50
N10 G335 2100 K=3.5 CR=32 SF=90
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Figure 10-6 Convex thread in the clockwise direction with end point and radius programming

Example 4: Convex thread in the clockwise direction with end point and opening angle

programming

Program code

10.10 Thread cutting

N5 GO G18 X50 Z50

N10 G335 2100 K=3.5 AR=102.75 SF=90

K
— =
Start point Ll

50 \\\\

End point

4

\

Center point

-
\
\
|/
.

,"
100

Figure 10-7 Convex thread in the clockwise direction with end point and opening angle programming

Example 5: Convex thread in the clockwise direction with center point and opening angle

programming

| Program code

N5 GO G18 X50 Z50

N10 G335 K=3.5 KR=25 IR=-20 AR=102.75 SF=90

Fundamentals
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Figure 10-8 Convex thread in the clockwise direction with center point and opening angle programming

Example 6: Convex thread in the clockwise direction with end and intermediate point

programming

Program code

N5 GO G18 X50 Z50

N10 G335 Z100 K=3.5 I1=60 K1=64

50+ — — — — — 2 1
S

Start point ! I

M,

Intermediate point

{é\\/End point

@

A
\
|

Center point| 1
.

50

,"
100

Figure 10-9 Convex thread in the clockwise direction with end and intermediate point programming

230

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Motion commands
10.10 Thread cutting

Further information

Permissible arc areas

The arc programmed at G335/G336 must be in an area in which the specified thread main axis
(1, J or K) has the main axis share on the arc over the entire arc:

45° } 45°

Permissible areas for the Z axis (pitch programmed Permissible areas for the X axis (pitch programmed
with K) with T)

A change of the thread main axis as shown in the following figure is not permitted:

X Start point

End point

Figure 10-10 Convex thread: Area that is not permissible

Frames

G335 and G336 are also possible with active frames. However, you must ensure that the
permissible arc areas are maintained in the basic coordinate system (BCS).

Supplementary conditions for the circular-path programming

The supplementary conditions described for the circular-path programming with G2/G3 apply
for the circular-path programming under G335/G336 (see "Circular interpolation (Page 176)").
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10.11 Tapping

10.11.1 Tapping without compensating chuck (G331, G332)

Requirement

With regard to technology, tapping without compensating chuck requires a position-controlled
spindle with position measuring system.

Function

Tapping without compensating chuck is programmed using the G331 and G332 commands.
The spindle prepared for tapping can make the following movements in position-controlled
operation with distance measuring system:

® G331: Tapping with thread lead in tapping direction up to end point

® (G332: Retraction movement with the same lead as G331

Right-hand or left-hand threads are defined by the sign of the lead:
® Positive lead - clockwise (as M3)
® Negative lead — counter-clockwise (as M4)

The desired speed is also programmed at address s.

Syntax
SPOS=<value>
G331 S...

G331 X.. Y.. Z.. I.. J.. K.
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G332 X.. Y..

10.11 Tapping

® 3SPOS (or M70) only has to be programmed prior to tapping:

For threads requiring multiple machining operations for their production

For production processes requiring a defined thread starting position

Conversely, when machining multiple threads one after the other, SPOS (or M70) does not
have to be programmed (advantage: Saves time).

® The spindle speed has to be in a dedicated G331 block without axis motion before tapping

(G331 X.. Y.. Z..

Meaning

I.. J.. K.).

G331:

Command: Tapping
The hole is defined by the drilling depth and the thread lead.

Effective: | Modal

G332:

Command: Tapping retraction

This movement is described with the same lead as the G331 movement. The
direction of rotation of the spindle is reversed automatically.

Effective: | Modal

Drilling depth (end point of the thread in Cartesian coordinates)

Thread lead in X direction

Thread lead in Y direction

|G [H [

Thread lead in Z direction

Value range of lead: +0.001 to 2000.00 mm/rev

Note

After G332 (retraction), the next thread can be tapped with G331.

Note

Second gear-stage data block

To achieve effective adaptation of spindle speed and motor torque and be able to accelerate
faster, a second gear-stage data block for two further configurable switching thresholds
(maximum speed and minimum speed) can be preset in axis-specific machine data deviating
from the first gear step data block and also independent of these speed switching thresholds.
Please see the machine manufacturer’s specifications for further details.

References:

Function Manual, Basic Functions; Spindles (S1), Section: "Configurable gear adaptations".
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Example 1: G331 and G332

Program code Comment

N10 SPOS[n]=0 ; Prepare tapping.

N20 GO X0 YO z2 ; Approach starting point.

N30 G331 Z-50 K-4 S200 ; Tapping, drilling depth 50, lead K
negative = counter-clockwise spindle
rotation.

N40 G332 Z3 K-4 ; Retraction, automatic reversal of di-
rection.

N50 G1 F1000 X100 Y100 Z100 S300 M3 ; Spindle operates in spindle mode
again.

N60 M30 ; End of program

Example 2: Output the programmed drilling speed in the current gear stage

Program code Comment

NO5 M40 S500 ; Gear stage 1 is engaged since the programmed spin-
dle speed of 500 rpm is in the range between 20 and
1,028 rpm.

N55 SPOS=0 ; Align spindle.

N60 G331 Z-10 K5 S800 ; Machine thread, spindle speed is 800 rpm in gear
stage 1.

The appropriate gear stage for the programmed spindle speed S500 with M40 is determined
on the basis of the first gear-stage data block. The programmed drilling speed s800 is output
in the current gear stage and, if necessary, is limited to the maximum speed of the gear stage.
No automatic gear-stage change is possible following an SPOS operation. In order for an

automatic change in gear stage to be performed, the spindle must be in speed-control mode.

Note

If gear stage 2 is selected at a spindle speed of 800 rpm, then the switching thresholds for the
maximum and minimum speed must be configured in the relevant machine data of the second
gear-stage data block (see the examples below).

Example 3: Application of the second gear-stage data block

The switching thresholds of the second gear-stage data block for the maximum and minimum
speed are evaluated for G331/G332 and when programming an S value for the active master
spindle. Automatic M40 gear-stage change must be active. The gear stage as determined in
the manner described above is compared with the active gear stage. If they are found to be
different, a gear-stage change is performed.

|Program code Comment

|N05 M40 S500 ; Gear stage 1 is selected.
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Program code Comment

N50 G331 S800 ; Master spindle with 2nd gear-stage data block: Gear stage 2
is selected.

N55 SPOS=0 ; Align spindle.

N60 G331 z-10 K5 ; Tapping, spindle acceleration from second gear-stage data
block.

Example 4: No speed programming - monitoring of the gear stage

If no speed is programmed when using the second gear-stage data block with G331, then the
last speed programmed will be used to produce the thread. The gear stage does not change.
However, monitoring is performed in this case to check that the last speed programmed is
within the preset speed range (defined by the maximum and minimum speed thresholds) for
the active gear stage. If it is not, alarm 16748 is signaled.

Program code Comment

NO5 M40 S800 ; Gear stage 1 is selected, the first gear-stage data block

is active.

N55 SPOS=0

N60 G331 Z-10 K5 ; Monitoring of spindle speed 800 rpm with gear-stage data
block 2: Gear stage 2 should be active, alarm 16748 is sig-

naled.

Example 5: Gear stage cannot be changed - monitoring of gear stage

If the spindle speed is programmed in addition to the geometry in the G331 block when using
the second gear-stage data block, if the speed is not within the preset speed range (defined
by the maximum and minimum speed thresholds) of the active gear stage, it will not be possible
to change gear stages, because the path motion of the spindle and the infeed axis (axes) would
not be retained.

As in the example above, the speed and gear stage are monitored in the G331 block and alarm
16748 is signaled if necessary.

Program code Comment

NO5 M40 S500 ; Gear stage 1 is selected.

N55 SPOS=0

N60 G331 Z-10 K5 S800 ; Gear stage cannot be changed, monitoring of spindle
speed 800 rpm with gear-stage data block 2: Gear stage
2 should be active, alarm 16748 is signaled.

Example 6: Programming without SPOS

|Program code Comment

|NO5 M40 S500 ; Gear stage 1 is selected.

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3 235



Moftion commands

10.17 Tapping

Program code Comment

N50 G331 S800 ; Master spindle with 2nd gear-stage data block: Gear stage 2

is selected.

N60 G331 Z-10 K5 ; Machine thread, spindle acceleration from second gear-stage

data block.

Thread interpolation for the spindle starts from the current position, which is determined by the
previously processed section of the part program, e.g. if the gear stage was changed.
Therefore, it might not be possible to remachine the thread.

Note

Please note that when machining with multiple spindles, the drill spindle also has to be the

master spindle. SETMS (<spindle number>) can be programmed to set the drill spindle as
the master spindle.

10.11.2 Tapping with compensating chuck (G63)

With G63 you can tap a compensating chuck. The following are programmed:
® Drilling depth in Cartesian coordinates
® Spindle speed and direction

® Feedrate

The chuck compensates for any deviations occurring in the path.

|

Retraction movement

Programming also with G63, but with spindle rotation in the opposite direction.
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Meaning

Example

10.12

Fundamentals

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

G63 X.. Y.. Z..

G63: Tapping with compensating chuck
Xewo Yoo 2.0 Drilling depth (end point) in Cartesian coordinates
Note

G63 is non-modal.

After a block with programmed G6 3, the last interpolation command programmed (G0, G1, G2,
etc.) is reactivated.

Feedrate

Note

The programmed feedrate must match the ratio of the speed to the thread lead of the tap.
Thumb rule:

Feedrate F in mm/min = spindle speed S in rpm * thread lead in mm/rev

Not only the feedrate, but also the spindle speed override switch are set to 100% with G63.

In this example, an M5 thread is to be drilled. The lead of an M5 thread is 0.8 (according to
the table).

With a selected speed of 200 rpm, the feedrate F = 160 mm/min.

|Program code Comment

N10 G1 X0 YO z2 S200 F1000 M3 ; Approach starting point, activate spindle.
N20 G63 Z-50 F160 ; Tapping, drilling depth 50.

N30 G63 73 M4 ; Retraction, programmed reversal of direction.
N40 M30 ; End of program

Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Contour corners within the active working plane can be executed as roundings or chamfers.

For optimum surface quality, a separate feedrate can be programmed for chamfer/rounding.
If a feedrate is not programmed, the standard path feedrate F will be applied.

The "Modal rounding” function can be used to round multiple contour corners in the same way
one after the other.
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Syntax

Meaning
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Chamfer the contour corner:

G... X... Z... CHR/CHF=<value> FRC/FRCM=<value>
G... Xuv. Z...

Round the contour corner:

G... X... Z... RND=<value> FRC=<value>

G... Xuv. Z...

Modal rounding:

G... X... Z... RNDM=<value> FRCM=<value>

RNDM=0

Note

The technology (feedrate, feedrate type, M commands, etc.) for chamfer/rounding is derived
from either the previous or the next block dependent on the setting of bit 0 in machine data
MD20201 $MC_CHFRND_MODE_MASK (chamfer/rounding behavior). The recommended
setting is the derivation from the previous block (bit 0 = 1).

CHF=...: Chamfer the contour corner

<value>: | Length of the chamfer (unit corresponding to G70/G71)

CHR=...: Chamfer the contour corner

<value>: | Width of the chamfer in the original direction of motion (unit correspond-
ing to G70/G71)

RND=... : Round the contour corner

<value>: | Radius of the rounding (unit corresponding to G70/G71)

RNDM=... Modal rounding (rounding multiple contour corners in the same way one after the other)

<value>: Radius of the roundings (unit corresponding to G70/G71)

Modal rounding is deactivated with RNDM=0.

FRC=...: Non-modal feedrate for chamfer/rounding

<value>: |Feedrate in mm/min (with active G94) or mm/rev (with active G95)

FRCM=... Modal feedrate for chamfer/rounding

<value>: | Feedrate in mm/min (with active G94) or mm/rev (with active G95)

FRCM=0 deactivates modal feedrate for chamfer/rounding and activates
the feedrate programmed under F.

Fundamentals
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Motion commands

Fundamentals

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Note

Chamfer/rounding too high

If the values programmed for chamfer (CHF/CHR) or rounding (RND/RNDM) are too high for
the contour elements involved, chamfer or rounding will automatically be adapted:

1. IfMD11411 $MN_ENABLE_ALARM_MASK bit 4 is set, alarm 10833 "Chamfer or rounding
must be reduces" is output (cancel alarm).

2. The chamfer/rounding is reduced until it fits in the contour corner. This results in at least
one block without motion. At this block, the required motion is stopped.

Note
Chamfer/rounding not possible

No chamfer/rounding is performed if:

® No straight or circular contour is available in the plane
® A movement takes place outside the plane

® The plane is changed
[ ]

The number of blocks specified in the machine data that are not to contain any information
about traversing (e.g. only command outputs) is exceeded

Note
FRC/FRCM

FRC/FRCM has no effect if a chamfer is traversed with GO; the command can be programmed
according to the F value without error message.

FRC is only effective if a chamfer/rounding is programmed in the block or if RNDM has been
activated.

FRC overwrites the F or FRCM value in the current block.
The feedrate programmed under FRC must be greater than zero.
FRCM=0 activates the feedrate programmed under F for chamfer/rounding.

If FRCM is programmed, the FRCM value will need to be reprogrammed like F on change
G9%4 - G95, etc. If only F is reprogrammed and if the feedrate type FRCM > 0 before the
change, an error message will be output.
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Moftion commands

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Examples

240

Example 1: Chamfer between two straight lines

Programming can be performed in two ways:

® Programming with CHR

Program code

MD20201 Bit 0 = 1 (derived from previous
block).
G71 is active.

The width of the chamfer in the direction of
motion (CHR) should be 2 mm and the
feedrate for chamfer 100 mm/min.

N30 Gl Z.. CHR=2 FRC=100
N40 Gl X..

® Programming with CHF

Program code

N30 Gl Z.. CHF=2 (cosQ*2)
N40 Gl X..

FRC=100

Fundamentals
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Motion commands

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Example 2: Rounding between two straight lines

e MD20201 Bit 0 = 1 (derived from previous
block).
G1 e G71is active.

1 13 B
T~ Rounding ® The radius of the rounding should be 2 mm
and the feedrate for rounding 50 mm/min.

Program code

N30 Gl Z.. RND=2 FRC=50
N40 Gl X..

Example 3: Rounding between straight line and circle

The RND function can be used to insert a circle contour element with tangential connection
between the linear and circle contours in any combination.

e MD20201 Bit 0 = 1 (derived from previous
block).
e (G71 is active.

® The radius of the rounding should be 2 mm
and the feedrate for rounding 50 mm/min.

Program code

Fundamentals
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Moftion commands

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

242

|Program code

N30 Gl Z.. RND=2 FRC=50
N40 G3 X.. Z.. I.. K.

Example 4: Modal rounding to deburr sharp workpiece edges

Program code Comment

N30 Gl X.. Z.. RNDM=2 FRCM=50 ; Activate modal rounding.
Radius of rounding: 2 mm
Feedrate for rounding: 50 mm/min

N40. ..

N120 RNDM=0 ; Deactivate modal rounding.

Example 5: Apply technology from following block or previous block
e MD20201 Bit 0 = 0: Derived from following block (default setting!)

Program code Comment

N10 GO X0 YO G17 F100 G94

N20 Gl X10 CHF=2 ; Chamfer N20-N30 with F=100 mm/min
N30 Y10 CHF=4 ; Chamfer N30-N40 with FRC=200 mm/min
N40 X20 CHF=3 FRC=200 ; Chamfer N40-N60 with FRCM=50 mm/min

N50 RNDM=2 FRCM=50

N6O Y20 ; Modal rounding N60-N70 with FRCM=50 mm/min
N70 X30 ; Modal rounding N70-N80 with FRCM=50 mm/min
N80 Y30 CHF=3 FRC=100 ; Chamfer N80-N90 with FRC=100 mm/min

N90 X40 ; Modal rounding N90-N100 with F=100 mm/min (de-

selection of FRCM)
N100 Y40 FRCM=0 ; Modal rounding N100-N120 with G95 FRC=1 mm/rev
N110 S1000 M3
N120 X50 G95 F3 FRC=1

MO02

e MD20201 Bit 0 = 1: Derived from previous block (recommended setting!)

Program code Comment

N10 GO X0 YO G17 F100 G94

N20 Gl X10 CHF=2 ; Chamfer N20-N30 with F=100 mm/min
N30 Y10 CHF=4 FRC=120 ; Chamfer N30-N40 with FRC=120 mm/min
N40 X20 CHF=3 FRC=200 ; Chamfer N40-N60 with FRC=200 mm/min

Fundamentals
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Motion commands

Program code

10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Comment

N50 RNDM=2 FRCM=50
N60 Y20

N70 X30

N80 Y30 CHF=3 FRC=100
N90O X40

N100 Y40 FRCM=0

N110 S1000 M3

Fundamentals
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; Modal rounding N60-N70 with FRCM=50 mm/min
; Modal rounding N70-N80 with FRCM=50 mm/min
; Chamfer N80-N90 with FRC=100 mm/min

; Modal rounding N90-N100 with FRCM=50 mm/min
; Modal rounding N100-N120 with F=100 mm/min

N120 X50 CHF=4 G95 F3 FRC=1 ; Chamfer N120-N130 with G95 FRC=1 mm/rev
N130 Y50 ; Modal rounding N130-N140 with F=3 mm/rev
N140 X60

MO02
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Moftion commands
10.12 Chamfer, rounding (CHF, CHR, RND, RNDM, FRC, FRCM)

Fundamentals
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Tool radius compensation

11.1 Tool radius compensation (G40, G41, G42, OFFN)

When tool radius compensation (TRC) is active, the control automatically calculates the
equidistant tool paths for various tools.

Equidistant
Equidistant
. __\\\
| a'
—_\
\__

Syntax

GO/Gl X... Y.. Z... G41/G42 [OFFN=<value>]

G40 X... Y.. Z...
Meaning

G41: Activate TRC with machining direction left of the contour.

G42: Activate TRC with machining direction right of the contour.

OFFN=<value>: Allowance on the programmed contour (normal contour offset) (optional),

e.g. to generate equidistant paths for rough finishing.
G40: Deactivate TRC.

Fundamentals
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Tool radius compensation
11.1 Tool radius compensation (G40, G41, G42, OFFN)

Note

In the NC block with G40/G41/G42, GO or G1 has to be active and at least one axis has to be
specified on the selected working plane.

If only one axis is specified on activation, the last position on the second axis is added
automatically and traversed with both axes.

The two axes must be active as geometry axes in the channel. This can be achieved by means
of GEOAX programming.

Examples

Example 1: Milling

A Compensation
on X

S/EaY | 1 I

2 Compensation
> on Y

50

Program code Comment

N10 GO X50 T1 D1 ; Only tool length compensation is activated. X50 is
approached without compensation.

N20 G1 G41 Y50 F200 ; Radius compensation is activated, point X50/Y50 is
approached with compensation.

N30 Y100

Fundamentals
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Tool radius compensation

11.1 Tool radius compensation (G40, G41, G42, OFFN)

Example 2: "Conventional" procedure using milling as an example

"Conventional" procedure:

1. Tool call.

2. Change tool.

3. Activate working plane and tool radius compensation.

70

50
0

20

20

40

80

=Y

Program code

Comment

N10 GO Zz100
N20 G17 T1 M6

N40 z-7 F500
N50 G41 X20 Y20

N6O Y40
N70 X40 Y70
N80 X80 Y50
N90 Y20
N100 X20

Fundamentals
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N30 GO X0 YO Z1 M3 S300 D1

N110 G40 GO z100 M30

’

’

Retraction for tool change.

Tool change

Call tool offset values, select length compensation.
Feed in tool.

Activate tool radius compensation, tool machines to

the left of the contour.

’

’

Mill contour.

Retract tool, end of program.
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Tool radius compensation
11.1 Tool radius compensation (G40, G41, G42, OFFN)

Example 3: Turning

@ 100

Til“
\
N

-~

Program code Comment

N20 T1 D1 ; Only tool length compensation is activated.

N30 GO X100 Zz20 ; X100 Z20 is approached without compensation.

N40 G42 X20 z1 ; Radius compensation is activated, point X20/Z1 is

approached with compensation.

N50 G1 z-20 FO.2

Fundamentals
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Tool radius compensation

Example 4: Turning

11.1 Tool radius compensation (G40, G41, G42, OFFN)

ey
A X
R8
‘‘‘‘‘ R3
R3
[\
\ /33 R0} | B
& é o @ Q
\‘x‘ of g Q
W= Z
1 g K
SIS TS S I N ESE— E— R >
4
<12
<15 .|
18
20
-
40
57
_ 62
70
- 80
Program code Comment

N10
N15
N20
N25
N30
N35
N40
N45
N50
N55
N60
N65
N70
N75
N80
N85

N90

Fundamentals

N5 GO G53 X280 2380 DO

TRANS X0 Z250

LI
G9
G9
GO
Gl
G3
Gl
G2
Gl
G3
Gl
X3
7
G2
Gl
X5

MS=4000

6 5250 M3

0 T1 D1 M8

G42 X-1.5 71

X0 z0 FO0.25

X16 zZ-4 10 K-10
z-12

X22 Z-15 CR=3
X24

X30 zZ-18 I0 K-3
Z-20

5 7Z-40

57

X41 Z-60 CR=3
X46

2 72-63
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’

’

Starting point.

Work offset.

Speed limitation (G96) .

Select constant feedrate

Select tool selection and offset.

Set tool with tool radius compensation.

Turn

Turn

Turn

Turn

radius

radius

radius

radius

10.
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Tool radius compensation

11.1 Tool radius compensation (G40, G41, G42, OFFN)

Program code

Comment

N95 GO G40 G97 X100 z50 M9

N100 T2 D2

N105 G96 S210 M3

N110 GO G42 X50 Z-60 M8
N115 G1 z-70 FO.12

N120 G2 X50 z-80 I6.245 K-5
N125 GO G40 X100 750 M9

N130 GO G53 X280 Z380 DO M5

N135 M30

Further information

250

; Deselect tool radius compensation and
approach tool change location.

; Call tool and select offset.

; Select constant cutting rate.

; Set tool with tool radius compensation.
; Turn diameter 50.

; Turn radius 8.

; Retract tool and deselect tool radius
compensation.

; Approach tool change location.

; End of program.

The control requires the following information in order to calculate the tool paths:

® Tool no. (T...), cutting edge no. (D...)
® Machining direction (G41/G42)
e Working plane (G17/G18/G19)

Tool no. (T...), cutting edge no. (D...)

The distance between tool path and workpiece contour is calculated from the milling cutter
radii or cutting edge radii and the tool point direction parameters.

J

L

e g

X G42 ]

4

4
X G41]

With a flat D number structure, only the D

number has to be programmed.

Fundamentals
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Tool radius compensation

Fundamentals

11.1 Tool radius compensation (G40, G41, G42, OFFN)

Machining direction (G41/G42)
From this information, the control detects the direction in which the tool path is to be displaced.

Note

A negative offset value has the same significance as a change of offset side (G41 « G42).

Working plane (G17/G18/G19)

From this information, the control detects the plane and therefore the axis directions for
compensation.

Example: Milling tool

Program code Comment

N10 G17 G41 .. ; The tool radius compensation is performed in the X/Y
plane, the tool length offset is performed in the Z di-
rection.

Note

On 2-axis machines, tool radius compensation is only possible in "real" planes, usually with
G18.

Tool length offset

The wear parameter assigned to the diameter axis on tool selection can be defined as the
diameter value using an MD. This assignment is not automatically altered when the plane is
subsequently changed. To do this, the tool must be selected again after the plane has been
changed.

Turning:
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Tool radius compensation
11.1 Tool radius compensation (G40, G41, G42, OFFN)

NORM and KONT can be used to define the tool path on activation and deactivation of
compensation mode (see "Approaching and leaving contour (NORM, KONT, KONTC,
KONTT) (Page 254)").

Point of intersection

The intersection point is selected in the setting data:

SD42496 $SC_CUTCOM_CLSD_CONT (response of tool radius compensation with closed

contour)
Value Meaning
FALSE If two intersections appear on the inside when offsetting a (virtually) closed contour,

which consists of two circle blocks following on from one another, or from one circle
block and one linear block, the intersection positioned closer to the end of block on the
first partial contour is selected, in accordance with the standard procedure.

A contour is deemed to be (virtually) closed if the distance between the starting point
of the first block and the end point of the second block is less than 10% of the effective
compensation radius, but not more than 1000 path increments (corresponds to 1 mm
with 3 decimal places).

TRUE In the same situation as described above, the intersection positioned on the first partial
contour closer to the block start is selected.

Change in compensation direction (G41 « G42)

A change in compensation direction (G41 < G42) can be programmed without an intermediate
G40.

Fundamentals
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Tool radius compensation

Fundamentals

11.1 Tool radius compensation (G40, G41, G42, OFFN)

op

Change in the working plane

The working plane (G17/G18/G19) cannot be changed if G41/G42 is active.

Change in tool offset data set (D...)

The tool offset data set can be changed in compensation mode.

A modified tool radius is active with effect from the block in which the new D number is

programmed.

Note

The radius change or compensation movement is performed across the entire block and only

reaches the new equidistance at the programmed end point.

In the case of linear movements, the tool travels along an inclined path between the starting

point and end point:

NC block with modified radius correction

Traverse path

programmed path

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3
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Tool radius compensation

11.2 Approaching and leaving contour (NORM, KONT, KONTC, KONTT)

11.2

Syntax

254

Circular interpolation produces spiral movements.

Changing the tool radius

The change can be made, e.g. using system variables. The sequence is the same as when
changing the tool offset data set (D...).

Note

The modified values only take effect the next time T or D is programmed. The change only
applies with effect from the next block.

Compensation mode

Compensation mode may only be interrupted by a certain number of consecutive blocks or M
functions which do not contain drive commands or positional data in the compensation plane.

Note

The number of consecutive blocks or M commands can be set in a machine data item (see
machine manufacturer's specifications).

Note

A block with a path distance of zero also counts as an interruption!

Approaching and leaving contour (NORM, KONT, KONTC, KONTT)

Requirement

The XKONTC and KONTT commands will only be available if the "Polynomial interpolation” option
has been enabled in the control.

Function

If tool radius compensation is active (G41/G42), the NORM, KONT, KONTC or KONTT command
can be used to adapt the tool's approach and retract paths to the required contour profile or
blank form.

KONTC or KONTT ensure observance of the continuity conditions in all three axes. It is,
therefore, permissible to program a path component perpendicular to the offset plane
simultaneously.

G41/G42 NORM/KONT/KONTC/KONTT X... Y... Z...

G40 X... Y... Z...

Fundamentals
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Tool radius compensation
11.2 Approaching and leaving confour (NORM, KONT, KONTC, KONTT)

Meaning

NORM: Activate direct approach/retraction to/from a straight line.
The tool is oriented perpendicular to the contour point.

KONT: Activate approach/retraction with travel around the starting/end point according to the
programmed corner behavior G450 or G451.

KONTC: Activate approach/retraction with constant curvature.

KONTT: Activate approach/retraction with constant tangent.

Note

Only G1 blocks are permissible as original approach/retraction blocks for KONTC and KONTT.
The control replaces these with polynomials for the appropriate approach/retract path.

Supplementary conditions

KONTT and KONTC are not available in 3D variants of tool radius compensation (CUT3DC,
CUT3DCC, CUT3DF). If they are programmed, the control switches internally to NORM without
an error message.

Example
KONTC

The full circle is approached beginning at the circle center point. The direction and curvature
radius at the block end point of the approach block are identical to the values of the next circle.
Infeed takes place in the Z direction in both approach/retraction blocks simultaneously. The
figure below shows the perpendicular projection of the tool path.

1 N

/ Nz20
20 /
/NBO

\
\
/
/

S
\Z
=

I o

Figure 11-1  Perpendicular projection
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Tool radius compensation
11.2 Approaching and leaving contour (NORM, KONT, KONTC, KONTT)

The associated NC program segment is as follows:

Program code Comment

STC DP1[1,1]=121 ; Milling tool
STC_DP6[1,1]=10 ; Radius 10 mm
N10 Gl X0 YO z60 G64 T1 D1 F10000

N20 G41 KONTC X70 YO Z0 ; Approach

N30 G2 I-70 ; Full circle

N40 G40 G1 X0 YO0 z60 ; Retract

N50 M30

At the same time as the curvature is being adapted to the circular path of the full circle,
traversing is performed from Z60 to the plane of the circle Z0:

Figure 11-2 3D representation.

Fundamentals
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Tool radius compensation
11.2 Approaching and leaving confour (NORM, KONT, KONTC, KONTT)

Further information
Approach/retraction with NORM

1. Approach:
If NORM is activated, the tool will move directly to the compensated start position along a
straight line (irrespective of the preset approach angle programmed for the travel
movement) and is positioned perpendicular to the path tangent at the starting point.

Tangent
D / — /
/
/)
Compensated Compensated
tool path tool path

2. Retraction:
The tool is perpendicular to the last compensated path end point and then moves
(irrespective of the preset approach angle programmed for the travel movement) directly
in a straight line to the next uncompensated position, e.g. to the tool change point.

Modifying approach/retract angles introduces a collision risk:

Fundamentals
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Tool radius compensation

11.2 Approaching and leaving contour (NORM, KONT, KONTC, KONTT)

258

\J‘*.

NOTICE

Risk of collision

Modified approach/retract angles must be taken into account during programming in order
that potential collisions can be avoided.

Approach/retraction with KONT

Prior to the approach, the tool can be located in front of or behind the contour. The path tangent

at the starting point serves as a separation line:

Behind contmk

|

N\

Path tangent

In front of contoy

o

e
Yav

—_—

Start point
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Tool radius compensation
11.2 Approaching and leaving confour (NORM, KONT, KONTC, KONTT)

Accordingly, two scenarios need to be distinguished where approach/retraction with KONT is
concerned:

1. The tool is located in front of the contour.
— The approach/retract strategy is the same as with NORM.

2. The tool is located behind the contour.

Fundamentals
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Tool radius compensation

11.2 Approaching and leaving contour (NORM, KONT, KONTC, KONTT)

— Approach:

The tool travels around the starting point either along a circular path or over the
intersection of the equidistant paths depending on the programmed corner behavior

(G450/G451).
The commands G450/G451 apply to the transition from the current block to the next
block:
\ G450 N G451
™ N
@——» @——»

| /
g G450 g G451
— AN —

In both cases (G450/G451), the following approach path is generated:

Approach

\ Starting point

Approach path

Tool radius

A straight line is drawn from the uncompensated approach point. This line is a tangent

to a circle with circle radius = tool radius. The center point of the circle is on the starting
point.

— Retraction:
The same applies to retraction as to approach, but in the reverse order.
Approach/retraction with KONTC

Fundamentals
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Tool radius compensation

Fundamentals

11.2 Approaching and leaving confour (NORM, KONT, KONTC, KONTT)

The contour point is approached/exited with constant curvature. There is no jump in
acceleration at the contour point. The path from the start point to the contour point is
interpolated as a polynomial.

Approach/retraction with KONTT

The contour point is approached/exited with constant tangent. A jump in the acceleration can
occur at the contour point. The path from the start point to the contour point is interpolated as
a polynomial.

Difference between KONTC and KONTT

20 A
10
KONTT,

B

10 / KONTC
-20

\

The figure below shows the differences in approach/retraction behavior between KONTT and
KONTC. A circle with a radius of 20 mm about the center point at X0 Y-40 is compensated with
a tool with an external radius of 20 mm. The tool center point therefore moves along a circular
path with radius 40 mm. The end point of the approach blocks is at X40 Y30. The transition
between the circular block and the retraction block is at the zero point. Due to the extended
continuity of curvature associated with KONTC, the retraction block first executes a movement
with a negative Y component. This will often be undesired. This response does not occur with
the KONTT retraction block. However, with this block, an acceleration step change occurs at
the block transition.

If the KONTT or KONTC block is the approach block rather than the retraction block, the contour
is exactly the same, but it is machined in the opposite direction.
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Tool radius compensation
11.3 Compensation at the outside corners (G450, G451, DISC)

11.3 Compensation at the outside corners (G450, G451, DISC)

With tool radius compensation activated (G41/G42), command G450 or G451 can be used to
define the course of the compensated tool path when traveling around outside corners:

G450

With G450, the tool center point travels With G451, the tool center point approaches
around the workpiece corner across an the intersection of the two equidistants which
arc with tool radius. lie in the distance between the tool radius and

the programmed contour. G451 applies only to
circles and straight lines.

Note

G450/G451 is also used to define the approach path with KONT active and approach point
behind the contour (see " i i
(Page 234)").

The DISC command can be used to distort the transition circles with G450, thereby producing
sharper contour corners.

Syntax
G450 [DISC=<value>]
G451
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Tool radius compensation

11.3 Compensation at the outside corners (G450, G451, DISC)

Meaning
G450: G450 is used to travel around workpiece corners on a circular path.
DISC: Flexible programming of the circular path with G450 (optional)
<value>: |Type: [INT
Range of values: 0,1,2,..100
Meaning: 0 Transition circle
100 Intersection of the equidistant paths (the-
oretical value)
G451: G451 is used to approach the intersection point of the two equidistant paths in the case
of workpiece corners. The tool backs off from the workpiece corner.
Note
DISC only applies with call of G450, but can be programmed in a previous block without
G450. Both commands are modal.
Example
In this example, a transition radius is program-
med for all outside corners (corresponding to
“Y ‘Y the programming of the corner behavior in
block N30). This prevents the tool stopping and
backing off at the change of direction.
8
3 |
o
= - ) ,
T "X P
10 N

Program code

Comment

N10 G17 T1 GO X35 YO Z0 F500

N20 Gl Z-5

N30 G41 KONT G450 X10 Y10

N40 Y60

N50 X50 Y30
N6O X10 Y10

N80 G40 X-20 Y50

Fundamentals
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; Starting conditions.
; Feed in tool.

; Activate TRC with KONT approach/retract mode
and corner behavior G450.

; Mill the contour.

; Deactivate compensation mode, retraction on

transition circle.
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11.3 Compensation at the outside corners (G450, G451, DISC)

| Program code Comment

N90 GO Y100
N100 X200 M30

Further information

264

G450/G451

At intermediate point P, the control executes operations such as infeed movements or
switching functions. These operations are programmed in blocks inserted between the two
blocks forming the corner.

With G450 the transition circle belongs to the next travel command with respect to the data.
DISC

When DISC values greater than O are specified, intermediate circles are shown with a
magnified height — the result is transition ellipses or parabolas or hyperbolas:

DISC=100

An upper limit can be defined in machine data — generally DISC=50.
Traversing behavior

When G450 is activated and with acute contour angles and high DISC values, the tool is lifted
off the contour at the corners. In the case of contour angles equal to or greater than 120°, there
is uniform travel around the contour:

Fundamentals
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11.4 Smooth approach and retraction

S/R

1.0

0.8

0.6 Disc=100 / DISC=
50

0.4 40
30

0.2

. Z i

’ 30 60 90 120 150 180
Contour angle (degrees)

R - Tool radius S - Traverse overshoot

S/R - Normalized overshoot

(in relation to tool radius)

When G451 is activated and with acute contour angles, superfluous non-cutting tool paths can

result from lift-off movements. A parameter can be used in the machine data to define automatic
switchover to transition circle in such cases.

11.4 Smooth approach and retraction

11.4.1 Approach and retraction (G140 to G143, G147, G148, G247, G248, G347, G348,
G340, G341, DISR, DISCL, DISRP, FAD, PM, PR)

The SAR (Smooth Approach and Retraction) function is used to achieve a tangential approach
to the start point of a contour, regardless of the position of the start point.

—— —— XN Progr. contour
Qo

This function is used preferably in conjunction with the tool radius compensation.

Fundamentals
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11.4 Smooth approach and retraction

When the function is activated, the control calculates the intermediate points in such a way
that the transition to the following block (or the transition from previous block during retraction)
is performed in accordance with the specified parameters.

The approach movement consists of a maximum of four sub-movements. The starting point
of the movement is called P, the end point P, in the following. Up to three intermediate points
P,, P, and P; can be between these points. Points P,, P; and P, are always defined.
Intermediate points P, and P, can be omitted, according to the parameters defined and the
geometrical conditions. On retraction, the points are traversed in the reverse direction, i.e.
starting at P, and ending at P,,.

Syntax

Smooth approach:

e With a straight line:
G147 G340/G341 ... DISR=..., DISCL=..., DISRP=... FAD=...

e With a quadrant/semicircle:
G247/G347 G340/G341 G140/G141/G142/G143 ... DISR=... DISCL=...
DISRP=... FAD=...

Smooth retraction:

e With a straight line:
G148 G340/G341 ... DISR=..., DISCL=..., DISRP=... FAD=...

e \With a quadrant/semicircle:
G248/G348 G340/G341 G140/G141/G142/G143 ... DISR=... DISCL=...
DISRP=... FAD=...

Meaning

G147: Approach with a straight line

G148: Retraction with a straight line

G247: Approach with a quadrant

G248: Retraction with a quadrant

G347: Approach with a semicircle

G348: Retraction with a semicircle

G340: Approach and retraction in space (default setting)

G341: Approach and retraction in the plane

G140: Approach and retraction direction dependent on the current compensation side

(default setting)

G141: Approach from the left or retraction to the left

Gl42: Approach from the right or retraction to the right

G143: Approach and retraction direction dependent on the relative position of the start

or end point to the tangent direction

Fundamentals
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11.4 Smooth approach and retraction

DISR=...: 1. For approach and retraction with straight lines (G147/G148):
Distance of the cutter edge from the starting point of the contour

2. For approach and retraction with circles (G247, G347/G248, G348):
Radius of the tool center point path

Notice:
For REPOS with a semicircle, DISR is the circle diameter

DISCL=...: Distance of the end point for the fast infeed motion from the machining plane

DISCL=AC( ... ) Specification of the absolute position of the end point for the
fast infeed motion

DISCL=AC(...): Specification of the absolute position of the end point for the fast infeed motion
DISRP: Distance of point P1 (retraction plane) from the machining plane
DISRP=AC(...): Specification of the absolute position of point P1

FAD=...: Speed of the slow feed movement

The programmed value acts in accordance with the active feedrate type (G
function group 15).

FAD=PM(...): The programmed value is interpreted as linear feedrate (like G94) irrespective
of the active feedrate type.

FAD=PR(...): The programmed value is interpreted as revolutional feedrate (like G95) irre-
spective of the active feedrate type.

Example
Tool center path

y A

Tool
20 P3appP3ret Semicircle Helix
5

POapp
Contour

e Smooth approach (block N20 activated)

e Approach with quadrant (G247)

e Approach direction not programmed, G140 applies, i.e. TRC is active (G41)
e Contour offset OFFN=5 (N10)

® Current tool radius=10, and so the effective compensation radius for TRC=15, the radius
of the SAR contour =25, with the result that the radius of the tool center path is equal to
DISR=10

Fundamentals
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11.4 Smooth approach and retraction

Program code

® The end point of the circle is obtained from N30, since only the Z position is programmed
in N20

® [nfeed movement
From Z20 to Z7 (DISCL=AC(7)) with rapid traverse.

® Smooth retraction (block N60 activated)

Then to Z0 with FAD=200.

Approach circle in X-Y-plane and following blocks with F1500 (for this velocity to take
effectin the following blocks, the active G0 in N30 must be overwritten with G1, otherwise
the contour would be machined further with G0).

® Retraction with quadrant (G248) and helix (G340)

® FAD not programmed, since irrelevant for G340

e 7=2in the starting point; Z=8 in the end point, since DISCL=6
¢ When DISR=5, the radius of the SAR contour=20, the radius of the tool center point path=5

Retraction movements from Z8 to Z20 and the movement parallel to the X-Y plane to X70 YO.

Comment

STC DP1[1,1]=120
sTC

DP6[1,1]1=10

N10 GO X0 YO z20 G64 D1 T1 OFFN=5

N20
N30
N40
N50
N60
N70
N80

G41 G247 G341 Z0 DISCL=AC(7) DISR=10 F1500 FAD=200

Gl X30 Y-10
X40 z2
X50

G248 G340 X70 Y0 Z20 DISCL=6 DISR=5 G40 F10000

X80 YO
M30

Further information
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Selecting the approach and retraction contour

;Tool definition T1/D1
; Radius

; (PO app)

; Approach (P3 app)

; (P4 app)

; (P4 ret)
; Retraction (P3 ret)

; (PO ret)

The approach and retraction contour are selected with the appropriate G function from the 2nd
G function group:

G147: Approach with a straight line
G247: Approach with a quadrant
G347: Approach with a semicircle
G148: Retraction with a straight line
G248: Retraction with a quadrant
G348: Retraction with a semicircle

Fundamentals
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11.4 Smooth approach and retraction

Tool P3 when approaching with
a straight line (G147)

P3 when approaching with
a quadrant (G247)

( DISR Tool center point path

N
< | Tool
Py Contour

Po

P3 when approaching with
a semicircle (G347)

Tool center point path

| Tool
- _P4_ g_/_czngur

Figure 11-3  Approach movements with simultaneous activation of the tool radius compensation

Selecting the approach and retraction direction

Use the tool radius compensation (G140, default setting) to determine the approach and
retraction direction with positive tool radius:

® (41 active - approach from left
® (42 active - approach from right
G141, G142 and G143 provide further approach options.

The G codes are only significant when the approach contour is a quadrant or a semicircle.

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3 269



Tool radius compensation

11.4 Smooth approach and retraction
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Motion steps between start point and end point (G340 and G341).

In all cases, the movements are made up of one or more straight lines and, depending on the
G function for determining the approach contour, an additional straight line or a quadrant or
semicircle. The two variants of the path segmentation are shown in the following figure:

Infeed movement

PO P1

Straight line, circle Straight

or circle

G340 Machining plane G341
Approach movement depending on G340/G341

G340: Approach with a straight line from point P, to point P,. This straight line is parallel to the
machining plane, if parameter DISRP has not been programmed.

Infeed perpendicular to the machining plane from point P, to point P, to the safety clearance
to the machining plane defined by the DISCL parameter.

Approach to end point P4 with the curve determined by the G function of the second group
(straight line, circle, helix). If G247 or G347 is active (quadrant or semicircle) and start point
P, is outside the machining plane defined by the end point P,, a helix is inserted instead of
a circle. Point P, is not defined or coincides with P,.

The circle plane or the helix axis is determined by the plane, which is active in the SAR block
(G17/G18/G19), i.e. the projection of the start tangent is used by the following block, instead
of the tangent itself, to define the circle.

The movement from point P, to point P, takes place along two straight lines at the velocity
valid before the SAR block.

G341: Approach with a straight line from point P, to point P,. This straight line is parallel to the
machining plane, if parameter DISRP has not been programmed.

Infeed perpendicular to the machining plane from point P, up to the safety clearance to the
machining plane defined by the DISCL parameter in point P..

Infeed perpendicular to the machining plane from point P, to point P;. Approach to end point

with the curve determined by the G function of the second group. P; and P, are located
within the machining plane, with the result that a circle is always inserted instead of a helix

with G247 or G347.

In all cases that include the position of the active plane G17/G18/G19 (circular plane, helical
axis, infeed motion perpendicular to the active plane), any active rotating frame is taken into
account.

Fundamentals
Programming Manual, 10/2015, 6FC5398-1BP40-5BA3



Tool radius compensation
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Length of the approach straight line or radius for approach circles (DISR)
e Approach/retract with straight lines

DISR specifies the distance of the cutter edge from the starting point of the contour, i.e. the
length of the straight line when TRC is active is the sum of the tool radius and the
programmed value of DISR. The tool radius is only taken into account when it is positive.
The resulting straight line length must be positive, i.e. negative values for DISR are allowed
provided that the absolute value of DISR is less than the tool radius.

® Approach/retract with circles
DISR specifies the radius of the tool center point path. If TRC is activated, a circle is
produced with a radius that results in the tool center point path with the programmed radius.

Distance of point P2 from the machining plane (DISCL)

If the position of point P, is to be specified by an absolute reference on the axis perpendicular
to the circle plane, the value must be programmed in the form DISCL=AC(...).

The following applies for DISCL=0:

® With G340: The whole of the approach motion now only consists of two blocks (P4, P, and
P, are combined). The approach contour is formed by P, to P,.

e With G341: The whole approach contour consists of three blocks (P, and P, are combined).
If P, and P, are on the same plane, only two blocks result (infeed movement from P, to P,
is omitted).

® The point defined by DISCL is monitored to ensure that it is located between P, and P, i.e.
the sign must be identical for the component perpendicular to the machining plane in all
motions that possess such a component.

® On detection of a reversal of direction, a tolerance defined by the machine data MD20204
$MC_SAR_CLEARANCE_TOLERANCE is permitted.

Distance of point P1 (retraction plane) from the machining plane (DISRP)

If the position of point P, is to be specified by an absolute reference on the axis perpendicular
to the machining plane, the value must be programmed in the form DISRP=AC (.. .).

If this parameter is not programmed, point P, has the same distance to the machining plane
as point P,, i.e. the approach straight line P, » P, is parallel to the machining plane.

The system checks that the point defined by DISRP lies between P, and P,, i.e. in all
movements that have a component perpendicular to the machining plane (e.g. infeed
movements, approach movements from P, to P,), this component must have the same leading
sign. It is not permitted to change direction. An alarm is output if this condition is violated.

On detection of a reversal of direction, a tolerance defined by the machine data MD20204
$SMC_SAR_CLEARANCE_TOLERANCE is permitted. However, if P, is outside the range
defined by P, and P,, but the deviation is less than or equal to this tolerance, it is assumed
that P, is in the plane defined by P, or P..

Programming of the end point
The end point is generally programmed with X... Y... Z...

The programming of the contour end point when approaching differs greatly from that for
retraction. Both cases are therefore treated separately here.
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Programming of end point P4 for approach

End point P, can be programmed in the actual SAR block. Alternatively, P, can be determined
by the end point of the next traversing block. More blocks can be inserted between an SAR
block and the next traversing block without moving the geometry axes.

Example:

Program code Comment

$TC DP1[1,1]=120 ;Milling tool T1/D1
STC DP6[1,1]1=7 ;Tool with 7 mm radius

N10 G90 GO X0 YO Z30 D1 T1

N20 X10

N30 G41 G147 DISCL=3 DISR=13 7Z=0 F1000
N40 G1 X40 Y-10

N50 G1 X50

N30/N40 can be replaced by:
N30 G41 G147 DISCL=3 DISR=13 X40 Y-10 Z0 F1000

or
N30 G41 G147 DISCL=3 DISR=13 F1000
N40 Gl X40 Y-10 Z0

Machining up to this
point with GO,
continuing with G1
F1000

Z=3 7=0

\ Z=30

|/ Il Il |

0/10' I 30’ 40 500 X
4 /Contour

7 ——— V7

DISR=13

Programming of end point PO for retraction

For retraction, the end point of the SAR contour cannot be programmed in a following block,
i.e. the end position is always taken from the SAR block, irrespective of how many axes have

Fundamentals
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been programmed. When determining the end point, a distinction is made between the
following three cases:

1. No geometry axis is programmed in the SAR block. In this case, the contour ends at point
P, (if DISRP has been programmed), at point P, (if DISCL, but not DISRP has been
programmed) or point P, (if neither DICLS nor DISRP has been programmed).

The position in the axes, which describe the machining plane, is determined by the
retraction contour (end point of the straight line or arc). The axis component perpendicular
to this is defined by DISCL or DISPR. If in this case both DISCL=0 and DISRP=0, the motion
is completely in the plane, i.e. points P, to P; coincide.

2. Only the axis perpendicular to the machining plane is programmed in the SAR block. In this
case, the contour ends at point P,. If DISRP has been programmed (i.e. points P, and P,
do not coincide), the straight line P, - P, is perpendicular to the machining plane. The
positions of the two other axes are determined in the same way as in 1.

3. Atleast one axis of the machining plane is programmed. The second axis of the machining
plane can be determined modally from its last position in the preceding block.

The position of the axis perpendicular to the machining plane is generated as described in 1.
or 2., depending on whether this axis is programmed or not. The position generated in this
way defines the end point P,,. If the SAR retraction block is also used to deactivate the tool
radius compensation, in the first two cases, an additional path component is inserted in the
machining plane from P, to P, so that no movement is produced when the tool radius
compensation is deactivated at the end of the retraction contour, i.e. this point defines the tool
center point and not a position on a contour to be corrected. In case 3, no special measures
are required for deselection of the tool radius compensation, because the programmed point
P, already directly defines the position of the tool center point at the end of the complete
contour.

The behavior in cases 1 and 2, i.e. when an end point is not explicitly programmed in the
machining plane with simultaneous deselection of the tool radius compensation, is shown in
the following figure:

Following block
without compensation

Tool center path

p4 SAR block
NN (G248 G40 ..)

Contour (preceding block)
Retraction with SAR and simultaneous
deactivation of TRC
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Approach and retraction velocities

e Velocity of the previous block (GO0)
All motions from P, up to P, are executed at this velocity, i.e. the motion parallel to the
machining plane and the part of the infeed motion up to the safety clearance.

Programming with FAD

Specification of the feedrate for

G341: Infeed movement perpendicular to the machining plane from P, to P,
G340: From point P, or P, to P,.

If FAD is not programmed, this part of the contour is traversed at the speed which is
active modally from the preceding block, in the event that no F command defining the
speed is programmed in the SAR block.

Programmed feedrate F

This feedrate value is effective as of P, or P, if FAD is not programmed. If no F word is
programmed in the SAR block, the speed of the previous block is active.

Example:

Program code

Comment

$TC DP1[1,1]=120
$TC DP6[1,1]=7
N10 G90 GO X0 Y0 z20 D1 T1

;Milling tool T1/D1

;Tool with 7 mm radius

N20 G41 G341 G247 DISCL=AC(5) DISR=13 FAD 500 X40 Y-10 Z=0 F200

N30 X50
N40 X60
Y
i i \. I i i
O/ 10 20 30\4p /50 60
-10
0
™
PO P11 o
T P /F500
5 — P4
0 P31 F2000 F2000 X
During retraction, the roles of the modally active feedrate from the previous block and the
programmed feedrate value in the SAR block are reversed, i.e. the actual retraction contour
is traversed with the old feedrate and a new speed programmed with the F word applies from
P, up to P,,.
Fundamentals
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PO  P1 P2/P3 P4

| No velocity
programmed
Only F
programmed
Only FAD
programmed

F and FAD
programmed

— - Rapid traverse if GO is active, otherwise with
old/new F word

Velocity of the previous block

(old F word)

___________ Infeed velocity programmed with FAD

______ New modal velocity programmed with F

Velocities in the SAR subblocks
on retraction with G340

PO P1 P2 P3 P4

—— No velocity
programmed
----- t---Only F
programmed
........ —— Only FAD
programmed
............... t-—- F and FAD
programmed

——-- Rapid traverse if GO is active, otherwise with
old/new F word

Velocity of the previous block

(old F word)

........... Infeed velocity programmed with FAD

—————— New modal velocity programmed with F

Velocities in the SAR subblocks
on retraction with G341

P4 P3 P2 P1 PO

No velocity
programmed
_Only F
programmed
Only FAD
programmed

L__F and FAD
programmed

— __ Rapid traverse if GO is active,

otherwise with old/new F word

Velocity of the previous block

(old F word)

___________ Retraction speed programmed with FAD

______ New modal velocity programmed with F

Velocities in the SAR subblocks
on retraction
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11.4.2

Syntax

Meaning

276

Reading positions

Points P, and P, can be read in the WCS as a system variable during approach.
e $P_APR: reading P

e . (initial point)

e $P_AEP: reading P

® , (contour starting point)

$P_APDV: read whether $P_APR and $P_AEP contain valid data

Approach and retraction with extended retraction strategies (G460, G461, G462)

In certain special geometrical situations, special extended approach and retraction strategies,
compared with the previous implementation with activated collision detection for the approach
and retraction block, are required in order to activate or deactivate tool radius compensation.
A collision detection can result, for example, in a section of the contour not being completely

machined, see following figure:
N30 YA
Tool radius -
Center point path with
/tool radius compensation
1 Programmed
N20 N10 ,contour
10 0 50 100

Figure 11-4  Retraction behavior with G460

G460

G4o6l

G462

G460: As previously (activation of the collision detection for the approach and retraction block).

G461: Insertion of a circle in the TRC block, if it is not possible to have an intersection whose center
point is in the end point of the uncorrected block, and whose radius is the same as the tool
radius.
Up to the intersection, machining is performed with an auxiliary circle around the contour
end point (i.e. up to the end of the contour).

G462: Insertion of a circle in the TRC block, if it is not possible to have an intersection; the block
is extended by its end tangent (default setting).
Machining is performed up to the extension of the last contour element (i.e. until shortly
before the end of the contour).
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11.4 Smooth approach and retraction

Note
The approach behavior is symmetrical to the retraction behavior.

The approach/retraction behavior is determined by the state of the G command in the approach/
retraction block. The approach behavior can therefore be set independently of the retraction
behavior.

Example 1: Retraction behavior with G460

The following example describes only the situation for deactivation of tool radius
compensation: The behavior for approach is exactly the same.

Program code Comment

G42 D1 T1 ; Tool radius 20 mm
Gl X110 YO

N10 XO

N20 Y10

N30 G40 X50 Y50

Example 2: Approach with G461

Program code Comment
N10 S$TC DP1[1,1]=120 ; Milling tool type
N20 STC DP6[1,1]=10 ;Tool radius

N30 X0 Y0 F10000 T1 D1
N40 Y20

N50 G42 X50 Y5 G461l
N60 YO F600

N70 X30

N80 X20 Y-5

N90 X0 YO G40

N100 M30

Further information

Fundamentals

G461

If no intersection is possible between the last TRC block and a preceding block, the offset
curve of this block is extended with a circle whose center point lies at the end point of the
uncorrected block and whose radius is equal to the tool radius.

The control attempts to cut this circle with one of the preceding blocks.
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N30 Y
Auxiliary curve é»

X
Center point path with
tool radius compensation

10 u Programmed
N20 N10 /contour

10 20 50 100

Figure 11-5 Retraction behavior with G461

Collision monitoring CDON, CDOF

If CDOF is active (see section Collision monitoring, CDON, CDOF), the search is aborted when
an intersection is found, i.e., the system does not check whether further intersections with
previous blocks exist.

If CDON is active, the search continues for further intersections after the first intersection is
found.

An intersection point, which is found in this way, is the new end point of a preceding block and
the start point of the deactivation block. The inserted circle is used exclusively to calculate the
intersection and does not produce a traversing movement.

Note

If no intersection is found, alarm 10751 (collision danger) is output.

G462

If no intersection is possible between the last TRC block and a preceding block, a straight line
is inserted, on retraction with G462 (initial setting), at the end point of the last block with tool
radius compensation (the block is extended by its end tangent).

The search for the intersection is then identical to the procedure for G461.

Auxiliary curve N30 YA
-
X
Center point path with
tool radius compensa-
tion
10 Programmed
N20 N10/ contour
10 20 50 100

Retraction behavior with G462 (see example)

With G462, the corner generated by N10 and N20 in the example program is not machined to
the full extent actually possible with the tool used. However, this behavior may be necessary
if the part contour (as distinct from the programmed contour), to the left of N20 in the example,
is not permitted to be violated even with y values greater than 10 mm.

Corner behavior with KONT

Fundamentals
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11.5

Fundamentals

11.5 Collision detection (CDON, CDOF, CDOF2)

If KONT is active (travel round contour at start or end point), the behavior differs according to
whether the end point is in front of or behind the contour.

¢ End point in front of contour

If the end point is in front of the contour, the retraction behavior is the same as with NORM.
This property does not change even if the last contour block for G451 is extended with a
straight line or a circle. Additional circumnavigation strategies to avoid a contour violation
in the vicinity of the contour end point are therefore not required.

End point behind contour

If the end point is behind the contour, a circle or straight line is always inserted depending
on G450/G451. In this case, G460-462 has no effect. If the last traversing block in this
situation has no intersection with a preceding block, an intersection with the inserted contour
element or with the straight line of the end point of the bypass circle to the programmed
endpoint can result.

If the inserted contour element is a circle (G450), and this forms an interface with the
preceding block, this is equal to the interface that would occur with NORM and G461. In
general, however, a remaining section of the circle still has to be traversed. For the linear
part of the retraction block, no further calculation of intersection is required.

In the second case, if no interface of the inserted contour element with the preceding blocks
is found, the intersection between the retraction straight line and a preceding block is
traversed.

Therefore, a behavior that deviates from G460 can only occur with active G461 or G462
either if NORM is active or the behavior with KONT is geometrically identical to that with
NORM.

Collision detection (CDON, CDOF, CDOF2)

With the collision detection and active tool radius compensation, the tool paths are monitored
through look-ahead contour calculation. This look-ahead function allows possible collisions to
be detected in advance and permits the control to actively avoid them.

Collision detection can be activated or deactivated in the NC program.
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Syntax

Meaning

Example

280

CDON
CDOF
CDOF2

CDON: Command for the activation of the collision detection.

CDOF: Command for the deactivation of the collision detection.

With deactivated collision detection, a search is made in the previous traversing block (at
inside corners) for a common intersection for the current block; if necessary the search
is extended to even earlier blocks.

Note:

CDOF can be used to avoid the faulty detection of bottlenecks, resulting, for example, from
missing information that is not available in the NC program.

CDOF2: Command for the deactivation of the collision detection during 3D circumferential milling.
The tool offset direction is determined from adjacent block parts with CDOF2. CDOF2 is
only effective for 3D circumferential milling and has the same meaning as CDOF for all
other types of machining (e.g. 3D face milling).

Note

The number of NC blocks that are included in the collision detection, can be set via machine

data.

Milling on the center point path with standard tool

The NC program describes the center point path of a standard tool. The contour for a tool that
is actually used results in undersize, which is shown unrealistically large to demonstrate the
geometric relationships in the following figure. The control also only has an overview of three
blocks in the example.

N10 |P1

- —— - -
N : 9 é) Corrected set path
Offset on the N @ N (offset curve)
starting point of N20 \ vCOmpensa- T @
S I tionmotion £ S
\ ] o <
N z D
N I B |
N20 N30 N40 Programmed original

Part contour

path (standard tool)

Offset on the end point of N10

Figure 11-6  Compensation motion for missing intersection
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Tool radius compensation

11.5 Collision detection (CDON, CDOF, CDOF2)

Since an intersection exists only between the offset curves of the two blocks N10 and N40,
the two blocks N20 and N30 would have to be omitted. In the example, the control does not
know in block N40 if N10 has to be completely processed. Only a single block can therefore
be omitted.

With active CDOF2, the compensation motion shown in the figure is executed and not stopped.
In this situation, an active CDOF or CDON would result in an alarm.

Further information

Fundamentals

Program test

To avoid program stops, the tool with the largest radius from the range of used tools should
always be used during the program test.

Examples of compensation motions for critical machining situations

The following examples show critical machining situations that are detected by the control and
compensated through modified tool paths. In all examples, a tool with too large a radius has
been used for the machining of the contour.

Example 1: Bottleneck detection

Tool path

\ Programmed contour

As the tool radius selected for the machining of this inside contour is too large, the "bottleneck"
is bypassed.

An alarm is output.
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11.5 Collision detection (CDON, CDOF, CDOF2)

Example 2: Contour path shorter than tool radius

Tool path

Programmed contour

The tool bypasses the workpiece corner on a transition circle, then continues on the
programmed path.

Example 3: Tool radius too large for internal machining

Tool path

Programmed
contour

In such cases, the contours are machined only as much as is possible without causing a
contour violation.

References

Function Manual, Basic Functions; Tool Offset (W1), Section: "Collision detection and
bottleneck detection”
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11.6

Syntax

Meaning

Fundamentals

11.6 2 1/2 D fool offset (CUTZ2D, CUT2DD, CUT2DF, CUTZ2DFD)

2 1/2 D tool offset (CUT2D, CUT2DD, CUT2DF, CUT2DFD)

The 2% D tool radius compensation should be used if, when machining inclined surfaces, the
workpiece is to be rotated, and not the tool alignment. This function is activated using
commands CUT2D, CUT2DD, CUT2DF oder CUT2DFD.

Tool length offset

The tool length compensation is always taken into account referred to the machining plane
that is not rotated and is fixed in space.

2% D tool radius compensation for contour tools

2% D tool radius compensation for contour tools is activated, if, together with cuT2D, CUT2DD,
CUT2DF or CUT2DFED, one of the two commands G41 (tool radius compensation left of the
contour) or G42 (tool radius compensation right of the contour) is programmed. It is used for
automatic cutting-edge selection in the case of non-axially symmetrical tools that can be used
for piece-by-piece machining of individual contour segments.

Note

If 2% D tool radius compensation is not activated, a contour tool behaves like a standard tool,
which only has the first cutting edge.

2% tool radius compensation referred to a differential tool

22 D tool radius compensation, referred to a differential tool, is activated using thecuT2DD or
CUT2DFD commands. It should be applied if the programmed contour refers to the center point
path of a differential tool, and a tool other than a differential tool is used for machining. When
calculating the 2% D tool radius compensation, only the wear of the radius of the active tool
($TC_DP_15) and the possibly programmed tool offsetQFEN (Page 245) and TOFFR

(Page 73) are taken into account. The basic radius ($TC_DP6) of the active tool is not taken
into account.

CUT2D
CUT2DD
CUT2DF
CUT2DFD
CUT2D: Activating the 2% D radius compensation
CUT2DD: Activating the 2% D radius compensation referred to a differential tool
CUT2DF: Activating 2% D radius compensation, tool radius compensation relative to the current
frame and/or inclined plane
CUT2DEFD: Activating 2% D radius compensation, tool radius compensation relative to the current
frame and/or inclined plane
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11.6 2 1/2 D tool offset (CUTZD, CUTZ2DD, CUTZDF, CUTZDFD)

Additional information

284

Contour tools

e Enabling
Tool radius compensation for contour tools is enabled on a channel-specific basis using:
MD28290 $MC_MM_SHAPED_TOOLS_ENABLE

e Tool type
Contour tool types are defined on a channel-specific basis using:
MD20370 $MC_SHAPED_TOOL_TYPE_NO

e (Cutting edges
A number of cutting edges (D numbers) can be assigned to each contour tool in any
sequence. The maximum number of cutting edges per tool is parameterized using:
MD18106 SMN_MM_MAX_CUTTING_EDGE_PERTOOL
The first cutting edge of a contour tool is the cutting edge, which is selected when activating
the tool. If, in a program, using commands T3 D5, the fifth cutting-edge (D5) of the third
tool (T3) is activated, then DS and the following cutting edges define with one part, or
altogether, the contour tool. The cutting edges located before D5 are ignored.

2% D tool radius compensation without rotating the correction plane (CUT2D, CUT2DD)

If a frame that contains a rotation is programmed, then for CUT2D or CUT2DD, the plane in
which the tool radius compensation (correction plane) takes place is not rotated at the same
time. The tool radius compensation is taken into account, referred to the non rotated machining
plane (G17, G18, G19). The tool length compensation acts relative to the correction plane.

\j

For machining inclined surfaces, the tool offsets must be appropriately defined or calculated
based on the functions for "Tool length compensation for tools that can be orientated".

2% D tool radius compensation with rotation of the compensation plane (CUT2DF, CUT2DFD)

If a frame is programmed that contains a rotation, then for CUT2DF or CUT2DFD, the plane in
which the tool radius compensation takes place (correction plane)is also rotated. The tool
radius compensation is taken into account, referred to the rotated machining plane (G17, G18,

Fundamentals
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11.7

Syntax

Fundamentals

11.7 Keep tool radius compensation constant (CUTCONON, CUTCONOF)

G19). However, the tool length compensation still acts relative to the non-rotated machining
plane.

Precondition: At the machine, the tool orientation must be able to be adjusted perpendicular
to the rotated machining plane, and set for machining.

BN

{2 /%
67/\ X

The tool length compensation continues to be active relative to the non-rotated working plane.

Note

Reference

Function Manual, Basic Functions; Tool Offset (W1)

Keep tool radius compensation constant (CUTCONON, CUTCONOF)

The "Keep tool radius compensation constant" function is used to suppress tool radius
compensation for a number of blocks, whereby a difference between the programmed and the
actual tool center path traveled set up by tool radius compensation in the previous blocks is
retained as the compensation. It can be an advantage to use this method when several
traversing blocks are required during line milling in the reversal points, but the contours
produced by the tool radius compensation (follow strategies) are not wanted. It can be used
independently of the type of tool radius compensation (2'/,D, 3D face milling, 3D
circumferential milling).

CUTCONON

CUTCONOF
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11.7 Keep tool radius compensation constant (CUTCONON, CUTCONOF)

Meaning
CUTCONON: Command to activate the "Keep tool radius compensation constant" function
CUTCONOF: Command to deactivate the "Keep tool radius compensation constant" function
Example
Y

Contour without TRC

Contour with TRC

50
Program code Comment
N10 ; Definition of tool dl.
N20 $TC DP1[1,1] = 110 ; Type
N30 $TC DP6[1,1]= 10. ; Radius
N40
N50 X0 Y0 z0 G1 G17 T1 D1 F10000
N60
N70 X20 G42 NORM
N80 X30
N90 Y20
N100 X10 CUTCONON ; Activation of the compensation sup-
pression.
N110 Y30 KONT ; If required, insert bypass circle

when deactivating the compensation

suppression.
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11.8 Tools with a relevant cutting edge position

Program code Comment

N120 X-10 CUTCONOF

N130 Y20 NORM ; No bypass circle when deactivating
the TRC.

N140 X0 YO G40
N150 M30

Further information

Tool radius compensation is normally active before the compensation suppression and is still
active when the compensation suppression is deactivated again. In the last traversing block
before CUTCONON, the offset point in the block end point is approached. All following blocks in
which offset suppression is active are traversed without offset. However, they are offset by the
vector from the end point of the last offset block to its offset point. These blocks can have any
type of interpolation (linear, circular, polynomial).

The deactivation block of the compensation suppression, i.e. the block that contains
CUTCONOF, is compensated normally. It starts in the offset point of the starting point. One linear
block is inserted between the end point of the previous block, i.e. the last programmed
traversing block with active CUTCONON, and this point.

Circular blocks, for which the circle plane is perpendicular to the compensation plane (vertical
circles), are treated as though they had CUTCONON programmed. This implicit activation of the
offset suppression is automatically canceled in the first traversing block that contains a
traversing motion in the offset plane and is not such a circle. Vertical circle in this sense can
only occur during circumferential milling.

11.8 Tools with a relevant cutting edge position

In the case of tools with a relevant tool point direction (turning and grinding tools - tool types
400-599; see Section "Sign evaluation wear"), a change from G40 to G41/G42 or vice-versa
is treated as a tool change. If a transformation is active (e.g., TRANSMIT), this leads to a
preprocessing stop (decoding stop) and hence possibly to deviations from the intended part
contour.

This original functionality changes with regard to:

1. Preprocessing stop on TRANSMIT

2. Calculation of intersection points at approach and retraction with KONT
3. Tool change with active tool radius compensation
4

. Tool radius compensation with variable tool orientation at transformation

Fundamentals
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11.8 Tools with a relevant cutting edge position

Further information

288

The original functionality has been modified as follows:

® A change from G40 to G41/G42 and vice-versa is no longer treated as a tool change.
Therefore, a preprocessing stop no longer occurs with TRANSMIT.

® The straight line between the tool edge center points at the block start and block end is
used to calculate intersection points with the approach and retraction block. The difference
between the tool edge reference point and the tool edge center point is superimposed on
this movement.
On approach and retraction with KONT (tool circumnavigates the contour point, see above
subsection "Contour approach and retraction"), superimposition takes place in the linear
part block of the approach or retraction motion. The geometric conditions are therefore
identical for tools with and without a relevant tool point direction. Deviations from the
previous behavior occur only in relatively rare cases where the approach or retraction block
does not intersect with an adjacent traversing block, see the following figure:

Last position of the
cutting edge center point
On the contour

Programmed
retraction block

Tool end position

Cutting edge reference point

Block without
Point o
intersection
with the
previous
block

Last position of the cutting edge center point

Cutting edge reference point
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Fundamentals

11.8 Tools with a relevant cutting edge position

In circle blocks and in motion blocks containing rational polynomials with a denominator
degree >4, itis not permitted to change a tool with active tool radius compensation in cases
where the distance between the tool edge center point and the tool edge reference point
changes. With other types of interpolation, it is now possible to change when a
transformation is active (e.g., TRANSMIT).

For tool radius compensation with variable tool orientation, the transformation from the tool
edge reference point to the tool edge center point can no longer be performed by means
of a simple zero offset. Tools with a relevant tool point direction are therefore not permitted
for 3D peripheral milling (an alarm is output).

Note

The subject is irrelevant with respect to face milling as only defined tool types without
relevant tool point direction are permitted for this operation anyway. (A tool with a type,
which has not been explicitly approved, is treated as a ball end mill with the specified radius.
A tool point direction parameter is ignored).
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11.8 Tools with a relevant cutting edge position
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Path action

12.1 Exact stop (G60, G9, G601, G602, G603)

In exact stop traversing mode, all path axes and special axes involved in the traversing motion
that are not traversed modally, are decelerated at the end of each block until they come to a
standstill.

Exact stop is used when sharp outside corners have to be machined or inside corners finished
to exact dimensions.

The exact stop specifies how exactly the corner point has to be approached and when the
transition is made to the next block:

e "Exact stop fine"
The block change is performed as soon as the axis-specific tolerance limits for "Exact stop
fine" are reached for all axes involved in the traversing motion.

e "Exact stop coarse"
The block change is performed as soon as the axis-specific tolerance limits for "Exact stop
coarse" are reached for all axes involved in the traversing motion.

e "Interpolator end"
The block change is performed as soon as the control has calculated a set velocity of zero
for all axes involved in the traversing motion. The actual position or the following error of
the axes involved are not taken into account

Note

The tolerance limits for "Exact stop fine" and "Exact stop coarse" can be set for each axis via
the machine data.

Syntax
G60
G9 ...
G601/G602/G603, etc.
Meaning
G60: Command for activation of the modal exact stop
GO: Command for activation of the non-modal exact stop
G601: Command for activation of the exact stop criterion "Exact stop fine"
G602: Command for activation of the exact stop criterion "Exact stop coarse"
G603: Command for activation of the exact stop criterion "Interpolator end"
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Path action
12.1 Exact stop (G60, G9, G601, G602, G603)

Note

The commands for activating the exact stop criteria (G601/G602/G603) are only effective if
G60 or G9 is active.

Example
Program code Comment
N5 G602 ; Criterion "Exact stop coarse" selected.
N10 GO G60 Z... ; Exact stop modal active.
N20 X... Z... ; G60 continues to act.
N50 Gl G601 ; Criterion "Exact stop fine" selected.
N80 G64 7Z... ; Switchover to continuous-path mode.
N100 GO G9 ; Exact stop acts only in this block.
N110 ... ; Continuous-path mode active again.

Further information
G60, G9

G9 generates the exact stop in the current block, G60 in the current block and in all following
blocks.

Continuous-path-mode commands G64 or G641 - G645 are used to deactivate G60.
G601, G602

Block advance
with G602

with G601
Programmed

< -I/path
|
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

The movement is decelerated and stopped briefly at the corner point.

Note

Do not set the limits for the exact stop criteria any tighter than necessary. The tighter the limits,
the longer it takes to position and approach the target position.

G603

The block change is initiated when the control has calculated a set velocity of zero for the axes
involved. At this point, the actual value lags behind by a proportionate factor depending on the
dynamic response of the axes and the path velocity. The workpiece corners can now be
rounded.

| Block change

Programmed path )

N/ Traversed
path
with F1

\\ Traversed

path
with F2

F1<F2

Configured exact stop criterion

A channel-specific setting can be made for GO and the other commands in the first G function
group indicating that contrary to the programmed exact stop criterion a preset criterion should
be used automatically (see machine manufacturer's specifications).

References

Function Manual, Basic Functions, Continuouspath Mode, Exact Stop, Look Ahead (B1)

12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS,
ADISPOS)

In continuous-path mode, the path velocity at the end of the block (for the block change) is not
decelerated to a level which would permit the fulfillment of an exact stop criterion. The objective
of this mode is, in fact, to avoid rapid deceleration of the path axes at the block-change point
so that the axis velocity remains as constant as possible when the program moves to the next
block. To achieve this objective, the "Look-head" function is also activated when continuous-
path mode is selected.
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Path action

12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

Syntax

Meaning

294

Continuous-path mode with smoothing facilitates the tangential shaping and/or smoothing of
angular block transitions caused by local changes in the programmed contour.

Continuous path mode:
® Rounds the contour

® Reduces machining times by eliminating braking and acceleration processes that are
required to fulfill the exact-stop criterion

e Improves cutting conditions because of the more constant velocity
Continuous-path mode is suitable if;
® A contour needs to be traversed as quickly as possible (e.g. with rapid traverse)

® The exact contour may deviate from the programmed contour within a specific tolerance
for the purpose of obtaining a continuous contour

Continuous-path mode is not suitable if:
® A contour needs to be traversed precisely

e An absolutely constant velocity is required

Note

Continuous-path mode is interrupted by blocks which trigger a preprocessing stop implicitly,
e.g. due to:

® Access to specific machine status data ($A...)

e Auxiliary function outputs

Go4

G641 ADIS=..
G641 ADISPOS=..
Go42

G643

Go44

G645

G64: Continuous-path mode with reduced velocity as per the overload factor

G641: Continuous-path mode with smoothing as per distance criterion

ADIS=...: Distance criterion with G641 for path functions G1, G2, G3, etc.

ADISPOS=...: Distance criterion with G641 for rapid traverse G0

Fundamentals
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

The distance criterion (= rounding clearance) ADIS or ADISPOS describes the
maximum distance the rounding block may cover before the end of the block,
or the distance after the end of block within which the rounding block must be
terminated respectively.

Note:

If ADIS/ADISPOS is not programmed, a value of "zero" applies and the travers-
ing behavior therefore corresponds to G64. The rounding clearance is automat-
ically reduced (by up to 36%) for short traversing distances.

G642: Continuous-path mode with smoothing within the defined tolerances

In this mode, under normal circumstances smoothing takes place within the
maximum permissible path deviation. However, instead of these axis-specific
tolerances, observation of the maximum contour deviation (contour tolerance)
or the maximum angular deviation of the tool orientation (orientation tolerance)
can be configured.

Note:
Expansion to include contour and orientation tolerance is only supported on
systems featuring the "Polynomial interpolation" option.

G643: Continuous-path mode with smoothing within the defined tolerances (block-in-
ternal)

G643 differs from G642 in that is not used to generate a separate rounding block;
instead, axis-specific block-internal rounding movements are inserted. The
rounding clearance can be different for each axis.

G644: Continuous-path mode with smoothing with maximum possible dynamic re-
sponse

Note:

G644 is not available with an active kinematic transformation. The system
switches internally to G642.

G645: Continuous-path mode with smoothing and tangential block transitions within
the defined tolerances

G645 has the same effect on corners as G642. With G645, rounding blocks are
also only generated on tangential block transitions if the curvature of the original
contour exhibits a jump in at least one axis.

Note

Rounding cannot be used as a substitute for smoothing (RND). The user should not make any
assumptions with respect to the appearance of the contour within the rounding area. The type
of rounding can depend on dynamic conditions, e.g. on the tool path velocity. Rounding on the
contour is therefore only practical with small ADIS values. RND must be used if a defined
contour is to be traversed at the corner.

Note

If a rounding movement initiated by G641, G642, G643, G644 or G645 is interrupted, the
starting or end point of the original traversing block (as appropriate for REPOS mode) will be
used for subsequent repositioning (REPOS), rather than the interruption point.
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

Example

AY Exact stop
fine

/

. ]
i (=]
u:g ‘
2m . F;) .
= 60 e
80 7
100

The two outside corners on the groove are to be approached exactly. Otherwise machining
should be performed in continuous-path mode.

Program code Comment

NOSDIAMOF ; Radius as dimension

N10 G17 T1 G41 GO X10 Y10 z2 S300 M3 ; Approach starting position, acti-
vate spindle, path compensation.

N20 G1 Z-7 F8000 ; Feed in tool.

N30 G641 ADIS=0.5 ; Contour transitions are smoothed.

N40 Y40

N50 X60 Y70 G60 Go601 ; Approach position exactly with ex-
act stop fine.

N60 Y50

N70 X80

N80 Y70

N90 G641 ADIS=0.5 X100 Y40 ; Contour transitions are smoothed.

N100 X80 Y10

N110 X10
N120 G40 GO X-20 ; Deactivate path compensation
N130 z10 M30 ; Retract tool, end of program.

Further information

Continuous-path mode G64

In continuous-path mode, the tool travels across tangential contour transitions with as constant
a path velocity as possible (no deceleration at block boundaries). LookAhead deceleration is
applied before corners and blocks with exact stop.
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

Corners are also traversed at a constant velocity. In order to minimize the contour error, the
velocity is reduced according to an acceleration limit and an overload factor.

Note

The extent of smoothing the contour transitions depends on the feedrate and the overload
factor. The overload factor can be set in MD32310 $MA_MAX_ACCEL_OVL_FACTOR.

Setting MD20490 $MC_IGNORE_OVL_FACTOR_FOR_ADIS means that block transitions will
always be rounded irrespective of the set overload factor.

The following points should be noted in order to prevent an undesired stop in path motion (relief
cutting):

e Auxiliary functions, which are enabled after the end of the motion or before the next motion,
interrupt the continuous path mode (exception: fast auxiliary functions).

® Positioning axes always traverse according to the exact stop principle, positioning window
fine (as for G601). If an NC block has to wait for positioning axes, continuous-path mode
is interrupted on the path axes.

However, intermediate blocks containing only comments, calculation blocks or subprogram
calls do not affect continuous-path mode.

Note

If FGROUP does not contain all the path axes, there is often a step change in the velocity at
block transitions for those axes excluded from FGROUP; the control limits this change in
velocity to the permissible values set in MD32300 $MA_MAX_AX_ACCEL and MD32310
SMA_MAX_ACCEL_OVL_FACTOR. This braking operation can be avoided through the
application of a rounding function, which "smoothes" the specific positional interrelationship
between the path axes.
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Path action

12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

208

LookAhead predictive velocity control

In continuous-path mode, the control automatically determines the velocity control for several
NC blocks in advance. This enables acceleration and deceleration across multiple blocks with
almost tangential transitions.

Look Ahead is particularly suitable for the machining of motion sequences comprising short
traverse paths with high path feedrates.

The number of NC blocks included in the Look Ahead calculation can be defined in machine
data.

Feedrate
A

programmed

A /

G64: Predictive velocity control

G60: Phase constant velocity cannot be reached

»

Block path

N1 N2 N3:N4:N5:N6:N7:N8:N9 N10:N11: N12 :

Continuous-path mode with smoothing as per distance criterion (G641)

With G641, the control inserts transition elements at contour transitions. The rounding
clearance ADTS (or ADISPOS for G0) specifies the maximum extent to which the corners can
be rounded. Within this rounding clearance, the control is free to ignore the path construct and
replace it with a dynamically optimized distance.

Disadvantage: Only one ADIS value is available for all axes.

The effect of G641 is similar to RNDM; however, it is not restricted to the axes of the working
plane.

Like G64, G641 works with LookAhead predictive velocity control. Corner rounding blocks with
a high degree of curvature are approached at reduced velocity.

Example:
Program code Comment
N10 G641 ADIS=0.5 Gl X... Y... ; The rounding block must begin no more than

0.5 mm before the programmed end of the block
and must finish 0.5 mm after the end of the
block. This setting remains modal.
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

Max.
0.5 mm Programmed

— end of contour

} ADIS/ADISPOS

Max. 0.5 mm

Note

Smoothing cannot and should not replace the functions for defined smoothing (RND, RNDM,
ASPLINE, BSPLINE, CSPLINE).

Smoothing with axial precision with G642

With G642, smoothing does not take place within a defined ADI S range, but the axial tolerances
defined with MD33100 $SMA_COMPRESS_POS_TOL are complied with. The rounding
clearance is determined based on the shortest rounding clearance of all axes. This value is
taken into account when generating a rounding block.

Block-internal smoothing with G643

The maximum deviations from the precise contour in the case of smoothing with G643 are
defined for each axis using machine data MD33100 $MA_COMPRESS_POS_TOL.

G643 is not used to generate a separate rounding block, but axis-specific block-internal
rounding motions are inserted. In the case of G643, the rounding clearance of each axis can
be different.

Smoothing with contour and orientation tolerance with G642/G643

MD20480 $MC_SMOOTHING_MODE can be used to configure rounding with G642 and
G643 so that instead of the axis-specific tolerances, a contour tolerance and an orientation
tolerance can be applied.

The contour tolerance and orientation tolerance are set in the channel-specific setting data:
SD42465 $SC_SMOOTH_CONTUR_TOL (maximum contour deviation)
SD42466 $SC_SMOOTH_ORI_TOL (maximum angular deviation of the tool orientation)
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Path action
12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

The setting data can be programmed in the NC program; this means that it can be specified
differently for each block transition. Very different specifications for the contour tolerance and
the tolerance of the tool orientation can only take effect with G643.

Note

Expansion to include contour and orientation tolerance is only supported on systems featuring
the "Polynomial interpolation" option.

Note

An orientation transformation must be active for smoothing within the orientation tolerance.

Corner rounding with greatest possible dynamic response in G644

Smoothing with maximum possible dynamic response is configured in the thousands place
with MD20480 $MC_SMOOTHING_MODE.

Value |Meaning

0 Specification of maximum axial deviations with:
MD33100 $MA_COMPRESS_POS_TOL

1 Specification of maximum rounding clearance by programming:
ADIS=... Or ADISPOS=...

2 Specification of the maximum possible frequencies of each axis occurring in the rounding area
with:

MD32440 $MA_LOOKAH_FREQUENCY

The rounding area is defined such that no frequencies in excess of the specified maximum
can occur while the rounding motion is in progress.

3 When rounding with G644, neither the tolerance nor the rounding distance are monitored.
Each axis traverses around a corner with the maximum possible dynamic response.

With SOF'T, both the maximum acceleration and the maximum jerk of each axis is maintained.
With the BRISK command, the jerk is not limited; instead, each axis travels at the maximum
possible acceleration.

Smoothing of tangential block transitions with G645

With G645, the smoothing motion is defined so that the acceleration of all axes involved
remains smooth (no jumps) and the parameterized maximum deviations from the original
contour (MD33120 $MA_PATH_TRANS_POS_TOL) are not exceeded.

In the case of angular non-tangential block transitions, the smoothing behavior is the same as
with G642.
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Path action

12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

No intermediate rounding blocks

An intermediate rounding block is not inserted in the following cases:

® The axis stops between the two blocks.
This occurs when:

The following block contains an auxiliary function output before the motion.
The following block does not contain a path motion.

An axis is traversed for the first time as a path axis for the following block when it was
previously a positioning axis.

An axis is traversed for the first time as a positioning axis for the following block when
it was previously a path axis.

The previous block traverses geometry axes and the following block does not.
The following block traverses geometry axes and the previous block does not.

Before tapping, the following block uses G33 as preparatory function and the previous
block does not.

A change is made between BRISK and SOFT.

Axes involved in the transformation are not completely assigned to the path motion (e.g.
for oscillation, positioning axes).

® The rounding block would slow down the part program execution.
This occurs:

Fundamentals

Between very short blocks.
Since each block requires at least one interpolator clock cycle, the added intermediate
block would double the machining time.

If a block transition G64 (continuous-path mode without smoothing) can be traversed
without a reduction in velocity.

Corner rounding would increase the machining time. This means that the value of the
permitted overload factor (MD32310 $MA_MAX_ACCEL_OVL_FACTOR) affects
whether a block transition is rounded or not. The overload factor is only taken into
account for corner rounding with G641/G642. The overload factor has no effect in the
case of smoothing with G643 (this behavior can also be setfor G641 and G642 by setting
MD20490 $MC_IGNORE_OVL_FACTOR_FOR_ADIS to TRUE).
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Path action

12.2 Continuous-path mode (G64, G641, G642, G643, G644, G645, ADIS, ADISPOS)

302

® Rounding is not parameterized.
This occurs when:

— For G641 in GO blocks ADISPOS = 0 (default!)
— For G641 in non-GO blocks ADIS = 0 (default!)

— For G641 on transition from GO and non-GO or non-G0 and GO0 respectively, the smaller
value from ADISPOS and ADIS applies.

— For G642/G643, all axis-specific tolerances are zero.

® The block does not contain traversing motion (zero block).
This occurs when:

— Synchronized actions are active.
Normally, the Interpreter eliminates zero blocks. However, if synchronous actions are
active, this zero block is included and also executed. In so doing, an exact stop is initiated
corresponding to the active programming. This allows the synchronous action to also
switch.

— Zero blocks are generated by program jumps.

Continuous-path mode in rapid traverse GO

One of the specified functions G60/G9 or G64, or G641 - G645, also has to be specified for
rapid traverse motion. Otherwise, the default in the machine data is used.

References

For further information about the continuous-path mode see:
Function Manual, Basic Functions; Continuous-Path Mode, Exact Stop, LookAhead (B1).
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Coordinate transformations (frames) 1

13.1 Frames

Frame

The frame is a self-contained arithmetic rule that transforms one Cartesian coordinate system
into another Cartesian coordinate system.

Basic frame (basic offset)

The basic frame describes coordinate transformation from the basic coordinate system (BCS)
to the basic zero system (BZS) and has the same effect as settable frames.

See Basic coordinate system (BCS) (Page 26).

Settable frames

Settable frames are the configurable zero offsets which can be called from within any NC
program with the G54 to G57 and G505 to G599 commands. The offset values are predefined
by the user and stored in the zero offset memory on the controller . They are used to define
the settable zero system (SZS).

See:
e Settable zero system (SZS) (Page 29)
e Settable zero offset (G54 to G57, G505 to G599, G53, G500, SUPA, G153) (Page 135)
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Coordinate fransformations (frames)

13.1 Frames

Programmable frames

Sometimes it is useful or necessary within an NC program, to move the originally selected
workpiece coordinate system (or the "settable zero system") to another position and, if
required, to rotate it, mirror it and/or scale it. This can be achieved using programmable frames.

21=72

Rotation
around the Z axis

See Erame instructions (Page 305).
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Coordinate transformations (frames)

13.2 Frame instructions

13.2 Frame instructions

Function

The statements for programmable frames apply in the current NC program. They function as
either additive or substitute elements:

® Substitute statement
Deletes all previously programmed frame statements. The reference is provided by the last
settable zero offset called (G54 to G57, G505 to G599).

e Additive statement
Appended to existing frames. The reference is provided by the currently set workpiece zero
or the last workpiece zero programmed with a frame statement.

Application example
1. Move the zero point of the workpiece coordinate system (WCS).

2. Rotate the workpiece coordinate system (WCS) to orientate a plane parallel to the desired
work plane.
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Coordinate fransformations (frames)

13.2 Frame instructions

Syntax
Substituting statements Additive statements
TRANS X.. Y.. Z.. ATRANS X.. Y.. Z..
ROT X.. Y.. Z.. AROT X.. Y.. Z..
ROT RPL=.. AROT RPL=..
ROTS/CROTS X... Y... AROTS X... Y...
SCALE X.. Y.. Z.. ASCALE X.. Y.. Z..
MIRROR X0/Y0/20 AMIRROR X0/Y0/Z0
Meaning
X Ay X
I /X'
I 2 ~,
&———> /

gg @ﬁTé

TRANS, ATRANS ROT, >
AROT
X=X'
X
Z Z'
SCALE, ASCALE MIRROR,AMIRROR
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Coordinate transformations (frames)

13.2 Frame instructions

TRANS/ATRANS: Workpiece coordinate system offset in the direction of the specified ge-
ometry axis or axes
ROT/AROT: Workpiece coordinate system rotation:
® By linking individual rotations around the specified geometry axis or
axes
or
e Around the angle RPL=. . . in the current working plane (G17/G18/
G19)
Direction of rotation:
Rotation sequence: With RPY notation: Z, Y, X"
With Euler angle: Z, X, Z"
Range of values: The angles of rotation are only defined unam-
biguously in the following ranges:
With RPY notation: -180 < x
<180
90 < y <
90
-180<z
<180
With Euler angle: 0<x<
180
-180 <y
<180
-180<z
<180
ROTS/AROTS: Workpiece coordinate system rotation by means of the specification of
solid angles
The orientation of a plane in space is defined unambiguously by speci-
fying two solid angles. Therefore, up to two solid angles may be pro-
grammed:
ROTS/AROTS X... Y... / Z... X... / Y... Z...
CROTS: CROTS works in the same way as ROTS but refers to the valid frame in
the database.
SCALE/ASCALE: Scaling in the direction of the specified geometry axis or axes to in-
crease/reduce the size of a contour
MIRROR/AMIRROR: Workpiece coordinate system mirroring by means of mirroring (direction
change) the specified geometry axis
Value: Freely selectable (in this case: "0")

Fundamentals
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Coordinate fransformations (frames)
13.3 Programmable work offset (TRANS, ATRANS)

Supplementary conditions
® Frame statements must be programmed in a separate NC block.
® Frame statements can be used individually or combined as required.
® Frame statements are executed in the programmed sequence.

e Additive statements are frequently used in subprograms. The basic statements defined in
the main program are not lost after the end of the subprogram if the subprogram has been
programmed with the SAVE attribute.

13.3 Programmable work offset (TRANS, ATRANS)

The TRANS statement moves the WCS absolutely based on the ENS created with a
parameterized zero offset (G54 ... G57, G505 ... G599).

The ATRANS statement moves additively the WCS created with TRANS.

Milling: Turning:

- N
X

*
% <
@ = TRANS
G54
XM
Syntax
TRANS X.. Y.. Z..
ATRANS X.. Y.. Z..
Meaning
TRANS: Absolute offset of the WCS with reference to the parameterized workpiece
zero (ENS) set with the parameterized zero point offset (G54 ... G57,
G505 ... G599).
Alone inthe |yes
block:
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Coordinate transformations (frames)

13.3 Programmable work offset (TRANS, ATRANS)

ATRANS:

Additive zero offset of the WCS with reference to the parameterized work-
piece zero set with TRANS

Alone in the
block:

yes

Offset values in the direction of the specified geometry axes

Examples

Example 1: Milling

With this workpiece, the shapes shown recur

50

“Y'V' v in a program.
' The machining sequence for this shape is stor-
m = ed in a subprogram.
=@ = Zero offset is used to set the workpiece zeros
required in each case and then call the subpro-
= - gram.
4 Y
— Q) lé:
S [QS
\é -
@ _10_ Xm
50

Program code

Comment

N10
N20
N30
N40
N50
N60
N70

Fundamentals

Gl G54

GO X0 Y0 z2
TRANS X10 Y10
L10

TRANS X50 Y10
L10

M30

; Working plane X/Y, workpiece zero

; Approach starting point

; Absolute offset

; Subprogram call

; Absolute offset

; Subprogram call

; End of program

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3
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Coordinate fransformations (frames)

13.3 Programmable work offset (TRANS, ATRANS)

Example 2: Turning

Further information
TRANS X...Y... Z...

Translation through the offset values programmed in the specified axis directions (path,
synchronized axes and positioning axes). The reference is provided by the last settable work
offset called (G54 to G57, G505 to G599).

310

1
- © - - @ @ é—»z
M w
L
130
A 140 _
_ 150 -
Program code Comment
N..
N10 TRANS X0 2150 Absolute offset
N15 L20 Subprogram call
N20 TRANS X0 Z140 (or ATRANS Zz-10) Absolute offset
N25 L20 Subprogram call
N30 TRANS X0 z130 (or ATRANS 7-10) Absolute offset
N35 L20 Subprogram call
N.

NOTICE

No original frame

The TRANS command resets all frame components of the previously activated programmable
frame.
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Coordinate transformations (frames)
13.3 Programmable work offset (TRANS, ATRANS)

Y

Note

ATRANS can be used to program an offset to be added to existing frames.

ATRANS X...Y... Z...

Translation through the offset values programmed in the specified axis directions. The currently
set or last programmed zero point is used as the reference.

| TRANS
— — — — — >

4 /' TRANS _

Fundamentals
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Coordinate fransformations (frames)
13.4 Programmable work offset (G58, G59)

13.4 Programmable work offset (G58, G59)

Note

For SINUMERIK 828D the statements G58/G59 have a different function than for SINUMERIK
840D sl:

® G58: Calls the 5th settable zero offset (this corresponds to statement G505 for SINUMERIK
840D sl)

® (59: Calls the 6th settable zero offset (this corresponds to statement G506 for SINUMERIK
840D sl)

Therefore, the following description of G58/G59 is only valid for SINUMERIK 840D sl.

The G58 and G59 functions can be used to substitute translation components of the

programmable zero offset (TRANS/ATRANS) (Page 308) with specific axes:
e (G58: Absolute translation component (coarse offset)

e (G59: Additive translation component (fine offset)

Az

Ao

Translation

additive tra.
G59
XM  ATRANS

Requirements

The G58 and G59 functions can only be used if fine offset has been configured
(MD24000 $MC_FRAME_ADD_COMPONENTS = 1).

Syntax
G58 <axis 1><value 1> ... <axis 3><value 3>
G59 <axis 1><value 1> ... <axis_ 3><value 3>

Fundamentals
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Coordinate transformations (frames)

13.4 Programmable work offset (G58, G59)

Meaning
G58: G58 replaces the absolute translation component of the programmable zero offset
for the specified axis, but the programmed additive offset remains valid. The ref-
erence is provided by the last settable zero offset called (G54 ... G57, G505 ...
G599).
Alone in the block: Yes
G59: G59 replaces the additive translation component of the programmable zero offset
for the specified axis, but the programmed absolute offset remains valid.
Alone in the block: Yes
<axis n>: Geometry axis in channel
<value n>: Offset values in the direction of the specified geometry axis
Example
Program code Comment
N50 TRANS X10 Y10 z10 ; Absolute translation component X10 Y10 Z10

N60 ATRANS X5 Y5

N70 G58 X20

N80 G59 X10 Y10

Further information

; Additive translation component X5 Y5
— total offset: X15 Y15 Z10

; Absolute translation component X20

— total offset X25 Y15 710

; Additive translation component X10 Y10
— total offset X30 Y20 Z10

The absolute translation component (coarse offset) is modified by the following statements:

® TRANS
® G58
® CTRANS

® CFINE

® SP PFRAME[X,

TR]

The additive translation component (fine offset) is modified by the following statements:

® ATRANS
® G59
® CTRANS

® CFINE

® $P PFRAME [X,

Fundamentals

FI]
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Coordinate fransformations (frames)

13.5 Programmable rotation (ROT, AROT, RPL)

13.5

Syntax

314

Examples
Statement Coarse offset V. Fine offset V;
TRANS X10 V=10 unchanged
G58 X10 Ve=10 unchanged
$P_PFRAME [X, TR]=10 Ve=10 unchanged
ATRANS X10 unchanged Ve=V: +10
G59 X10 unchanged V=10
$P_PFRAME [X,FI]=10 unchanged Ve=10
CTRANS (X, 10) Ve=10 Ve=0
CTRANS () V=0 V=0
CFINE (X,10) Ve=0 V=10

Programmabile rotation (ROT, AROT, RPL)

The workpiece coordinate system can be rotated in space with the ROT/AROT statements. The

statements refer exclusively to the programmable frame $P_PFRAME.

z

A z

ROT <1lst GeoAx><angle> <2nd GeoAx><angle> <3rd GeoAx><angle>

ROT RPL=<angle>

AROT <1lst GeoAx><angle> <2nd GeoAx><angle> <3rd GeoAx><angle>

AROT RPL=<angle>

Fundamentals
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Coordinate transformations (frames)
13.5 Programmable rotation (ROT, AROT, RPL)

Note
Euler angle

The rotations of the workpiece coordinate system are performed via Euler angles. A detailed
description can be found in:

References
Function Manual, Basic Functions; Section "Axes, coordinate systems, frames (K2)" >
"Frames" > "Frame components" > "Rotation ..."

Meaning

ROT: Absolute rotation

Reference Programmable frame $P PFRAME
frame:

Reference point: | Zero point of the current workpiece coordinate system set with
G54 ...G57, G505 ... G599

AROT: Additive rotation

Reference Programmable frame $P PFRAME
frame:

Reference point: | Zero point of the current workpiece coordinate system set with
G54 ...G57, G505 ... G599

<nth GeoAx>: Identifier of the nth geometry axis around which rotation is to be performed with
the specified angle.

The value 0° is implicitly set as angle of rotation for a geometry axis that has not
been programmed.

RPL: Rotation around the geometry axis perpendicular to the active plane (617, G18,
G19) by the specified angle

Reference Programmable frame $P PFRAME
frame:

Reference point: | Zero point of the current workpiece coordinate system set with
G54 ...G57, G505 ... G599

<Angle> Angle specification in degrees.
Range of values: | -360° < angle < 360°

Fundamentals
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Coordinate fransformations (frames)
13.5 Programmable rotation (ROT, AROT, RPL)

Examples

Example 1: Rotation in the G17 plane

With this workpiece, the shapes shown recur
Y in a program. In addition to the zero offset, ro-
tations have to be performed, as the shapes
are not arranged paraxially.

60°
%)

A A

° /<(E> y°
< (0 — 7 [~ Aﬁl

™ v

S 3 30 X
i &
20
08)

Program code Comment
N10 G17 G54 ; Working plane X/Y, workpiece zero
N20 TRANS X20 Y10 ; Absolute offset
N30 L10 ; Subprogram call
N40 TRANS X55 Y35 ; Absolute offset
N50 AROT RPL=45 ; Additive rotation around the 7 axis perpendicular;

to the G17 plane through 45°
N60 L10 ; Subprogram call

N70 TRANS X20 Y40 ; Absolute offset
(resets all previous offsets)

N80 AROT RPL=60 ; Additive rotation around the 7 axis perpendicular
; to the G17 plane through 60°

N90 L10 ; Subprogram call
N100 GO X100 Y100 ; Retraction
N110 M30 ; End of program
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Coordinate transformations (frames)
13.5 Programmable rotation (ROT, AROT, RPL)

Example 2: Spatial rotation around the Y axis

AZ In this example, paraxial and inclined work-

1 piece surfaces are to be machined in a clamp-

DS 30° ing.
Condition:
X | The tool must be aligned perpendicular to the
@ > | inclined surface in the rotated Z direction.
LY
— 7 [

20
12 |
-

=] 30 X
& — — =

—- 1 45
Program code Comment
N10 G17 G54 ; Working plane X/Y, workpiece zero
N20 TRANS X10 Y10 ; Absolute offset
N30 L10 ; Subprogram call
N40 ATRANS X35 ; Additive offset
N50 AROT Y30 ; Additive rotation around the Y axis
N60 ATRANS X5 ; Additive offset
N70 L10 ; Subprogram call
N80 GO X300 Y100 M30 ; Retraction, end of program

Example 3: Multi-face machining

In this example, identical shapes are machined
A 7 in two workpiece surfaces perpendicular to one
another via subprograms. In the new coordi-

v nate system on the right-hand workpiece sur-
\ face, infeed direction, working plane and the
@ X zero point have been set up as on the top sur-
© face. Therefore, the conditions required for the
subprogram execution still apply: Working

plane G17, coordinate plane X/Y, infeed direc-
Y tion Z.

X

Al
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Coordinate fransformations (frames)

13.5 Programmable rotation (ROT, AROT, RPL)

Program code

Comment

N10 G17 G54
N20 L10
N30 TRANS X100 Z-100

N40 AROT Y90

N50 AROT Z90

N60 L10
N70 GO X300 Y100 M30

Further information

Rotation in the active plane

; Working plane X/Y, workpiece zero
; Subprogram call

; Absolute offset of the WCS

z

TRANS X100 Z-100 z
v’

X'

; Additive rotation of the WCS around Y through 90°

Y \

AROT Y90

; Additive rotation of the WCS around Z through 90°

AROT Z90

; Subprogram call

; Retraction, end of program

When programming using RPL=..., the WCS is rotated around the axis perpendicular to the

active plane.

318
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Coordinate transformations (frames)
13.5 Programmable rotation (ROT, AROT, RPL)

Figure 13-1 Rotation around the Y axis or in the G18 plane

/I\ WARNING

Plane change

If a plane change (G17, G18, G19) is programmed after a rotation, the current angles of
rotation of the respective axes are retained and are also effective in the new plane. It is

therefore strongly recommended that the current angles of rotation be reset to 0 before a
plane change:

® N100 ROT XO YO Z0 ; explicit angle programming

® N100 ROT ; implicit angle programming

Absolute rotation with ROT X... Y... Z...

The WCS is rotated around the specified axes to the programmed angles of rotation.
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Coordinate fransformations (frames)
13.5 Programmable rotation (ROT, AROT, RPL)

<
7
@i .~ X

@  Angle of rotation
Figure 13-2  Absolute rotation around the Z axis

Additive rotation with AROT X... Y... Z...

The WCS is rotated further around the specified axes through the programmed angles of
rotation.

AY

@ Angle of rotation

Figure 13-3 Absolute and additive rotation around the Z axis

Rotation of the working plane
During a rotation using ROT/AROT, the working plane (G17, G18, G19) also rotates.
Example: Working plane G17

The WCS is positioned on the top surface of the workpiece. Using offset and rotation, the
coordinate system is moved to one of the side faces. Working plane G17 also rotates. In this
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Coordinate transformations (frames)
13.6 Programmable frame rotations with solid angles (ROTS, AROTS, CROTS)

way, traversing motions can still be programmed in the G17 plane via X and Y and infeeds via
Z.

Requirement:

The tool must be perpendicular to the working plane and the positive direction of the infeed
axis points in the direction of the tool base.

Specifying CUT2DF activates the tool radius compensation in the rotated plane.

13.6 Programmable frame rotations with solid angles (ROTS, AROTS,
CROTS)

Rotations of the workpiece coordinate system can be specified in solid angles with the ROTS,
AROTS and CROTS statements. Solid angles are the angles formed by the intersections of the
plane rotated in space with the main planes of the not yet rotated WCS.

Note
Geometry axis identifiers

The following definition is made as an example for the further description:
® 1. geometry axis: X

® 2. 2nd geometry axis: Y

e 3. 3rd geometry axis: Z

As shown in the following figure, the programming of ROTS Xa Y@ results in an alignment of
the G17 plane of the WCS parallel to the displayed inclined plane. The position of the zero
point of the WCS remains unchanged.

The orientation of the rotated WCS is defined so that the first rotated axis lies in the plane
formed by this and the 3rd axis of the original coordinate system. In the example: X' is in the
original X/Z plane.
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Coordinate fransformations (frames)

13.6 Programmable frame rotations with solid angles (ROTS, AROTS, CROTS)

Syntax

322

T T
| \ A ©
‘ z ‘ z
‘ ® O
N s
\

| 2
[ L’ ¢ [ L’ /B
\ 7 \ ot ,
| Ay oz |dy X g
\ X \ X
| ° E
\ a X X
| |
| X' |
| |

@ Inclined plane

a, B,y Solid angle
A New G17' plane parallel to the inclined plane:

- 1. rotation of x around y through the angle a
- 2nd rotation of y around x' through the angle B

B New G18' plane parallel to the inclined plane:
- 1. rotation of z around x through the angle y
- 2nd rotation of x around z' through the angle a

C New G19' plane parallel to the inclined plane:
- 1. rotation of y around z through the angle
- 2nd rotation of z around y' through the angle y

Requirements

The position of a plane in space is clearly defined by two solid angles. The plane would be
"over-defined" by the specification of a third solid angle. It is therefore not permitted.

If only one solid angle is programmed, the rotation of the WCS is identical to ROT, AROT (see

Section "Programmable rotation (ROT, AROT, RPL) (Page 314)").

Through the two programmed axes, a plane is specified according to the plane definitions for
G17, G18, G19. This defines the sequence of the coordinate axes (1st axis / 2nd axis of the
plane) or the sequence of the rotations through the solid angles:

Plane 1. 1st axis 2. Axis
G17 X Y
G18 z X
G19 Y z
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Coordinate transformations (frames)
13.6 Programmable frame rotations with solid angles (ROTS, AROTS, CROTS)

Alignment of the G17 plane = solid angle for X and Y
e 1. Rotation X around Y through the angle a

e 2. Rotation Y around X' through the angle 8

e Orientation: X' is in the original Z/X plane.

ROTS X<a> Y<B>
AROTS X<a> Y<B>
CROTS X<a> Y<B>

Alignment of the G18 plane = solid angle for Z and X
e 1. 1strotation: Z around X through the angle y

e 2. Rotation X around Z' through the angle a

® OQOrientation: Z' is in the original Y/Z plane

ROTS Z<y> X<a>
AROTS 7<y> X<o>
CROTS Z<y> X<a>

Alignment of the G19 plane = solid angle for Y and Z
® 1. Rotation Y around Z through the angle
e 2. Rotation Z around Y' through the angle y

® Orientation: Y'is in the original X/Z plane.

ROTS Y<B> z<y>
AROTS Y<B> z<y>
CROTS Y<B> z<y>

Meaning
ROTS: Absolute frame rotations with solid angles,
reference frame: Programmable frame $P_PFRAME
AROTS: Additive frame rotations with solid angles,
reference frame: Programmable frame $P_PFRAME
CROTS: Absolute frame rotations with solid angles,
reference frame: Programmed frame $P_ ...
X, Y, Z: Geometry axis identifiers (see note above: Geometry axis identifiers)
A B y: Solid angle in relation to the appropriate geometry axis:
® a-X
[ ] B - Y
[ ) Y - Z
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Coordinate transformations (frames)

13.7 Programmable scaling factor (SCALE, ASCALE)

13.7 Programmable scaling factor (SCALE, ASCALE)

SCALE/ASCALE can be used to program up or down scale factors for all path, synchronized,

and positioning axes in the direction of the axes specified in each case. This makes it possible,
therefore, to take geometrically similar shapes or different shrinkage allowances into account
in the programming.

Scale up/down absolute in relation to the currently valid coordinate system set with

Scale up/down additive in relation to the currently valid set or programmed coor-

Scale factors in the direction of the specified geometry axes.

The pocket occurs twice on this workpiece, but
with different sizes and rotated in relation to
one another. The machining sequence is stor-
ed in the subprogram.

The required workpiece zeroes are set with
zero offset and rotation, the contour is scaled
down with scaling and the subprogram is then
called again.

; Working plane X/Y, workpiece zero

; Absolute offset

; Machine large pocket

Fundamentals

Syntax
SCALE X.. Y.. Z..
ASCALE X.. Y.. Z..
Note
Each frame operation is programmed in a separate NC block.
Meaning
SCALE:
G54 to G57, G505 to G599.
ASCALE:
dinate system.
X Y. Z
Example
AY
35°
[ J
A
Nle
an\
¥ 15
40
Program code Comment
N10 G17 G54
N20 TRANS X15 Y15
N30 L10
324
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13.7 Programmable scaling factor (SCALE, ASCALE)

Program code Comment

N40 TRANS X40 Y20 ; Absolute offset

N50 AROT RPL=35 ; Rotation in the plane through 35°
N60 ASCALE X0.7 Y0.7 ; Scaling factor for the small pocket
N70 L10 ; Machine small pocket

N80GO X300 Y100 M30 ; Retraction, end of program

Further information
SCALEX...Y...Z...

You can specify an individual scale factor for each axis, by which the shape is to be reduced
or enlarged. The scale refers to the workpiece coordinate system set with G54 to G57, G505 to
G599.

NOTICE

No original frame

The sCALE command resets all frame components of the previously activated programmable
frame.

ASCALE X...Y...Z...

The ASCALE command is used to program scale changes to be added to existing frames. In
this case, the last valid scale factor is multiplied by the new one.

The currently set or last programmed coordinate system is used as the reference for the scale
change.
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13.7 Programmable scaling factor (SCALE, ASCALE)

A —
/
— &
Yl
<
\( %)
F

AROT

@ .

Scaling and offset

Note

If an offset is programmed with ATRANS after SCALE, the offset values will also be scaled.

Different scale factors

NOTICE

Risk of collision

Please take great care when using different scale factors! Circular interpolations can, for
example, only be scaled using identical factors.

Y
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13.8

Syntax

Meaning

Fundamentals

13.8 Programmable mirroring (MIRROR, AMIRROR)

Note

However, different scale factors can be used specifically to program distorted circles.

Programmable mirroring (MIRROR, AMIRROR)

MIRROR/AMIRROR can be used to mirror workpiece shapes on coordinate axes. All traversing
movements programmed after the mirror call (e.g. in the subprogram) are executed with
mirroring.

MIRROR X... Y... Z...
AMIRROR X... Y... Z...

Note

Each frame operation is programmed in a separate NC block.

MIRROR: Mirror absolute in relation to the currently valid coordinate system set with
G54 to G57, G505 to G599.
AMIRROR: Additive mirror image with reference to the currently valid set or program-

med coordinate system.

Xeoo Yoo 2.0 Geometry axis whose direction is to be changed. The value specified here
can be chosen freely, e.g. X0 YO0 Z0.
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13.8 Programmable mirroring (MIRROR, AMIRROR)

Examples

328

Example 1: Milling

Y | | Y
o I GV
2
X X
< v, N AY 5
x [ Y T Y X
3
Y \ | Y
Program code Comment

The contour shown here is programmed once
as a subprogram. The three other contours are
generated using mirroring. The workpiece zero
is located at the center of the contours.

N10 G17 G54
N20 L10

N30 MIRROR X0
N40 L10

N50 AMIRROR YO
N60 L10

N70 MIRROR YO

N80 L10
N90 MIRROR

N100 GO X300 Y100 M30

’

’

Working plane X/Y,

Machine first contour at top right

workpiece zero

Mirror X axis (the direction is changed in X)

Machine second contour at top left

Mirror Y axis (the direction is changed in Y)

Machine third contour at bottom left

MIRROR resets previous frames.

rection is changed in Y)

’

;Deactivate mirroring

’

Machine fourth contour at bottom right

Retraction, end of program

Mirror Y axis (the di-

Fundamentals
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13.8 Programmable mirroring (MIRROR, AMIRROR)

Example 2: Turning

Spindle 1 Spindle 2 The actual machining is stored as a subpro-
. pindie pindle . gram and execution at the respective spindle
A A is implemented by means of mirroring and off-
sets.
L
- 140 - 120
- 600 .
Program code Comment
N10 TRANS X0 7140 ; Zero offset to W
; Machining of the first side with spindle 1
N30 TRANS X0 z600 ; Zero offset to spindle 2
N40 AMIRROR Z0 ; Mirroring of the Z axis
N50 ATRANS Zz120 ; Zero offset to W1
; Machining of the second side with spindle 2

Further information
MIRROR X... Y... Z...

The mirror is programmed by means of an axial change of direction in the selected working
plane.

Example: Working plane G17 X/Y

The mirror (on the Y axis) requires a direction change in X and, accordingly, is programmed
with MIRROR X0. The contour is then mirrored on the opposite side of the mirror axis Y.
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13.8 Programmable mirroring (MIRROR, AMIRROR)

330

- /\iMIRR\ORX y

Mirroring is implemented in relation to the currently valid coordinate system set with G54 to

G57, G505 to G599.

NOTICE

No original frame

programmable frame.

The MIRROR command resets all frame components of the previously activated

AMIRROR X... Y... Z...

A mirror image, which is to be added to an existing transformation, is programmed with
AMIRROR. The currently set or last programmed coordinate system is used as the reference.

A

|
C
A ~
g |
|

-~
-

e /TRANS
— @

N ~
~ 5

A
I
I
I
I
I
I
I

-

-

AMIRROR ~

Deactivate mirroring

For all axes: MIRROR (without axis parameter)
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13.8 Programmable mirroring (MIRROR, AMIRROR)

All frame components of the previously programmed frame are reset.

Tool radius compensation

Note

The mirror command causes the control to automatically change the path compensation
commands (G41/G42 or G42/G41) according to the new machining direction.

Y|
G03 ——————— I — G02
G41 G42 X
~ @) =
-
MIRROR X

The same applies to the direction of circle rotation (G2/G3 or G3/G2).

Note

If you program an additive rotation with AROT after MIRROR, you may have to work with
reversed directions of rotation (positive/negative or negative/positive). Mirrors on the geometry
axes are converted automatically by the control into rotations and, where appropriate, mirrors
on the mirror axis specified in the machine data. This also applies to settable zero offsets.

Mirror axis
The axis to be mirrored can be set in machine data:
MD10610 $MN_MIRROR_REF_AX = <value>

Value Meaning

0 Mirroring is performed around the programmed axis (negation of values).
1 The reference axis is the X axis.

2 The reference axis is the Y axis.

3 The reference axis is the Z axis.

Interpreting the programmed values

Machine data is used to specify how the programmed values are to be interpreted:

Fundamentals
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13.9 Frame generation according to tool orientation (TOFRAME, TOROT, PAROT):

MD10612 $MN_MIRROR_TOGGLE = <value>

Value Meaning
0 Programmed axis values are not evaluated.
1 Programmed axis values are evaluated:

® For programmed axis values * 0, the axis is mirrored if it has not yet been mirrored.
® For a programmed axis value = 0, mirroring is deactivated.

13.9 Frame generation according to tool orientation (TOFRAME, TOROT,
PAROT):

TOFRAME generates a rectangular frame whose Z axis coincides with the current tool
orientation. This means that the user can retract the tool in the Z direction without risk of
collision (e.g. after a tool break in a 5-axis program).

The position of the X and Y axes is determined by the setting in machine data MD21110
SMC_X_AXES_IN_OLD_X_Z_PLANE (coordinate system with automatic frame definition).
The new coordinate system is either left as generated from the machine kinematics or is turned
around the new Z axis additionally so that the new X axis lies in the old Z/X plane (see machine

manufacturer's specifications).

The resulting frame describing the orientation is written in the system variable for the
programmable frame ($P_PFRAME).

TOROT only overwrites the rotation component in the programmed frame. All other components
remain unchanged.

TOFRAME and TOROT are designed for milling operations in which G17 (working plane X/Y) is
typically active. In the case of turning operations or generally when G18 or G19 is active,
however, frames are needed where the X or Y axis matches the orientation of the tool. These
frames are programmed with the TOFRAMEX/TOROTX or TOFRAMEY/TOROTY statements.

PAROT aligns the workpiece coordinate system on the workpiece.

Basic
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Coordinate transformations (frames)
13.9 Frame generation according to tool orientation (TOFRAME, TOROT, PAROT):

Syntax

TOFRAME/TOFRAMEZ/TOFRAMEY /TOFRAMEX

TOROTOF

TOROT/TOROTZ/TOROTY/TOROTX

TOROTOF

PAROT

PAROTOF

Meaning

TOFRAME: Align Z axis of the WCS by rotating the frame parallel to the tool orientation

TOFRAMEZ: As TOFRAME

TOFRAMEY: Align Y axis of the WCS by rotating the frame parallel to the tool orientation

TOFRAMEX: Align X axis of the WCS by rotating the frame parallel to the tool orientation

TOROT: Align Z axis of the WCS by rotating the frame parallel to the tool orientation
The rotation defined with TOROT is the same as that defined with TOFRAME.

TOROTZ: As TOROT

TOROTY: Align Y axis of the WCS by rotating the frame parallel to the tool orientation

TOROTX: Align X axis of the WCS by rotating the frame parallel to the tool orientation

TOROTOF: Deactivate orientation parallel to tool orientation

PAROT: Rotate frame to align workpiece coordinate system on workpiece
Translations, scaling and mirroring in the active frame remain valid

PAROTOF: The workpiece-specific frame rotation activated with PAROT is deactivated with
PAROTOF.

Note

The TOROT statement ensures consistent programming with active orientable toolholders for
each kinematic type.

Just as in the situation for rotatable toolholders, PAROT can be used to activate a rotation of

the work table. This defines a frame which changes the position of the workpiece coordinate
system in such a way that no compensatory movementis performed on the machine. Language
command PAROT is not rejected if no toolholder with orientation capability is active.
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13.10 Deselect frame (G53, G153, SUPA, G500)

Example

Program code Comment

N100 GO G53 X100 z100 DO
N120 TOFRAME
N140 G91 Z20 ; TOFRAME is included in the calculation, all program-

med geometry axis movements
refer to the new coordinate system.

N160 X50

Further information

13.10

334

Assigning axis direction

If one of the TOFRAMEX, TOFRAMEY, TOROTX, TOROTY statements is programmed instead of
TOFRAME/TOFRAMEZ or TOROT/TOROTZ, the axis direction statements listed in this table will

apply:

Statement Tool direction (appli- | Secondary axis Secondary axis
cate) (abscissa) (ordinate)

TOFRAME/TOFRAMEZ / z X Y

TOROT/TOROTZ

TOFRAMEY/TOROTY Y VA X

TOFRAMEX/TOROTX X Y z

Separate system frame for TOFRAME or TOROT

The frames resulting from TOFRAME or TOROT can be written in a separate system frame
$P_TOOLFRAME. For this purpose, bit 3 must be enabled in machine data

MD28082 $MC_MM_SYSTEM_FRAME_MASK. The programmable frame remains
unchanged. Differences occur when the programmable frame is processed further elsewhere.
References

For further information about machines with orientable toolholder, see:

® Programming Manual, Job Planning; Chapter: "Tool orientation”

® Function Manual, Basic Functions; Tool Offset (W1),
Chapter: "Toolholder with orientation capability"

Deselect frame (G53, G153, SUPA, G500)

When executing certain processes, such as approaching the tool change point, various frame
components have to be defined and suppressed at different times.

Settable frames can either be deactivated modally or suppressed non-modally.

Programmable frames can be suppressed or deleted non-modally.
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13.11 Deselecting overlaid movements (DRFOF, CORROF)

Syntax
G53
G153
SUPA
G500
TRANS
ROT
SCALE
MIRROR
Meaning
G53: Non-modal suppression of all programmable and settable
frames
G153: G153 has the same effect as G53 and also suppresses the
entire basic frame ($P_ACTBFRAME).
SUPA: SUPA has the same effect as G153 and also suppresses:
¢ Handwheel offsets (DRF)
e Qverlaid movements
e External zero offset
e PRESET offset
G500: Modal deactivation of all settable frames (G54 to G57,
G505 to G599) if G500 does not contain a value.
TRANS ROT SCALE MIRROR: Without axis details, a deletion of the programmable frames
acts.

13.11 Deselecting overlaid movements (DRFOF, CORROF)

The additive zero offsets set by means of handwheel traversal (DRF offsets) and the position
offsets programmed using system variable $AA_OFF[<axis>] can be deselected using the part
program statements DRFOF and CORROF.

Deselection triggers a preprocessing stop and the position component of the deselected
overlaid movement (DRF offset or position offset) is written to the position in the basic
coordinate system (in other words, no axes are traversed). The value of system variable
$AA_IM[<axis>] (current machine coordinate system setpoint of an axis) does not change; the
value of system variable $AA_IW[<axis>] (current workpiece coordinate system setpoint of an
axis) does change, because it now contains the deselected component from the overlaid
movement.

Syntax
DRFOF
CORROF (<axis>, "<character string>"[,<axis>,"<character string>"])
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13.11 Deselecting overiaid movements (DRFOF, CORROF)

Meaning

Examples

336

DRFOF: Statement for the deactivation (deselection) of DRF handwheel offsets for all active axes
in the channel
Effective: Modal

CORROF: Statement for the deactivation (deselection) of the DRF offset / position offset (FAA_OFF)
for individual axes

Effective: Modal

<axis>: Axis identifier (channel, geometry or machine axis identifier)

"<character == "DRF": DREF offset of axis is deselected

string>™" == "AA OFF": $AA_OFF position offset of axis is de-
selected

Note

CORROF is only possible from the part program, not via synchronized actions.

Example 1: Axial deselection of a DRF offset (1)

A DREF offset is generated in the X axis by DRF handwheel traversal. No DRF offsets are
operative for any other axes in the channel.

|Program code Comment

N10 CORROF (X, "DRE") ; CORROF has the same effect as DRFOF here.

Example 2: Axial deselection of a DRF offset (2)

A DREF offset is generated in the X and Y axes by DRF handwheel traversal. No DRF offsets
are operative for any other axes in the channel.

Program code Comment

N10 CORROF (X, "DRF") ; Only the DRF offset of the X axis is deselected; the DRF
offset of the Y axis is retained (in the case of DRFOF both
offsets would have been deselected).

Example 3: Axial deselection of a $AA_OFF position offset

Program code Comment

N10 WHEN TRUE DO SAA OFF[X]=10 G4 F5 ; A position offset == 10 is interpo-
lated for the X axis.
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13.11 Deselecting overlaid movements (DRFOF, CORROF)

Program code Comment

N80 CORROF (X,"AA OFF") ; The position offset of the X axis
is deselected with: $SAA OFF[X]=0
The X axis is not traversed.

The position offset is added to the
current position of the X axis.

Example 4: Axial deselection of a DRF offset and a $AA_OFF position offset (1)

A DREF offset is generated in the X axis by DRF handwheel traversal. No DRF offsets are
operative for any other axes in the channel.

Program code Comment

N10 WHEN TRUE DO SAA OFF[X]=10 G4 F5 ; A position offset == 10 is interpo-
lated for the X axis.

N70 CORROF (X, "DREF",X,"AA OFF") ; Only the DRF offset and the posi-
tion offset of the X axis are dese-
lected; the DRF offset of the Y axis
is retained.

Example 5: Axial deselection of a DRF offset and a $AA_OFF position offset (2)

A DREF offset is generated in the X and Y axes by DRF handwheel traversal. No DRF offsets
are operative for any other axes in the channel.

Program code Comment

N10 WHEN TRUE DO SAA OFF[X]=10 G4 F5 ; A position offset == 10 is interpo-
lated for the X axis.

N70 CORROF (Y, "DRF", X, "AA OFF") ; The DRF offset of the Y axis and
the position offset of the X axis are
deselected; the DRF offset of the X

axis is retained.

Further information

$AA_OFF_VAL

Once the position offset has been deselected by means of $AA_OFF, system variable
$AA_OFF_VAL (integrated distance of axis override) for the corresponding axis will equal zero.
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13. 12 Grinding-specific work offsets (GFRAMEO, GFRAMET ... GFRAME100)

$AA_OFF in JOG mode

Also in JOG mode, if $AA_OFF changes, the position offset will be interpolated as an overlaid
movement if this function has been enabled via machine data MD 36750
$SMA_AA_OFF_MODE.

$AA_OFF in synchronized action

If a synchronized action which immediately resets $AA_OFF

(DO $AA OFF [<axis>]=<value>)is active when the position offset is deselected using the
CORROF (<axis>, "AA OFF") partprogram statement, then $SAA_OFF will be deselected and
not reset, and alarm 21660 will be signaled. However, if the synchronized action becomes
active later, e.g. in the block after CORROF, $AA_OFF will remain set and a position offset will
be interpolated.

Automatic channel axis exchange

If an axis that is active in another channel has been programmed for a CORROF, it will be fetched
into the channel with an axis replacement (requirement: MD30552 $MA_AUTO_GET_TYPE
> 0) and the position offset and/or the DRF offset deselected.

13.12 Grinding-specific work offsets (GFRAMEO, GFRAME1 ...
GFRAME100)

Command for activating a grinding frame in the channel

The programming of the GFRAME<n> command makes the associated grinding frame of the
$P_GFR[<n>] data management active in the channel. This sets the active $P_GFRAME
grinding frame identical to the $P_GFR[<n>] grinding frame of the data management:

$P_GFRAME = $P_GFR[<n>]

Command Grinding frame activated in the channel
GFRAMEO $P_GFR[0] (null frame)
GFRAME1 $P_GFR[ 1]

GFRAME100 | $P_GFR[100]

Syntax

GFRAME<n>

Meaning

GFRAME<n>: Activation of the grinding frame <n> of the data management

G group: 64
Basic position: MD20150 $MC_GCODE_RESET_VALUES[63]
Effective: Modal

<n>: Number of the grinding frame
Value range: 0,1,2,..100
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Auxiliary function outputs 1 4

Function

The auxiliary function output sends information to the PLC indicating when the NC program
needs the PLC to perform specific switching operations on the machine tool. The auxiliary
functions are output, together with their parameters, to the PLC interface. The values and
signals must be processed by the PLC user program.

Auxiliary functions

The following auxiliary functions can be transferred to the PLC:

Auxiliary Function Address
Tool selection T

Tool offset D, DL
Feedrate F/IFA
Spindle speed S

M functions M

H functions H

For each function group or single function, machine data is used to define whether the output
is triggered before, with or after the traversing motion.

The PLC can be programmed to acknowledge auxiliary function outputs in various ways.
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Properties
Important properties of the auxiliary function are shown in the following overview table:
Function Address extension Value Explanations Maximum
Meaning Range |Range Type |Meaning number per
block
M - 0 0..99 INT Function The address extensionis 0 |5
(implicit) for the range between 0 and
99.
Mandatory without address
extension:
MO, M1, M2, M17, M30
Spindle no. |1-12 1...99 INT Function M3, M4, M5, M19, M70 with
address extension spindle
no. (e.g. M2=5; spindle stop
for spindle 2) .
Without spindle number, the
function applies for the mas-
ter spindle.
Any 0-99 100 ... INT Function User M function*
2147483647
S Spindle no. |1-12 0..%+1.8%10% |REAL |Speed Without spindle number, the | 3
function applies for the mas-
ter spindle.
H Any 0-99 0.. Any Functions have no effectin |3
+ 2147483647 INT the NCK; only to be imple-
+1.8%10%8 REAL mented on the PLC.
T Spindleno. |1-12 0 - 32000 INT Tool selec- | Tool names are not passed | 1
(for active (or tool names tion to the PLC interface.
tool man- with active tool
agement) management)
D - - 0-12 INT Tool offset | DO: Deselection 1
selection Default setting: D1
DL Location- 1-6 0..+1.8*10%8 | REAL |Toolfine Refers to previously selec- | 1
dependent offset selec- | ted D number.
offset tion
F - - 0.001 - REAL | Path fee- 6
999 999.999 drate
FA Axis No. 1-31 0.001 - REAL | Axial fee-
999 999.999 drate

* The meaning of the functions is defined by the machine manufacturer (see machine manufacturer's specifications).

Further information

Number of function outputs per NC block

Up to 10 function outputs can be programmed in one NC block. Auxiliary functions can also
be output from the action component of synchronized actions.
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References:
Function Manual, Synchronized Actions

Grouping

The functions described can be grouped together. Group assignment is predefined for some
M commands. The acknowledgment behavior can be defined by the grouping.

High-speed function outputs (QU)

Functions, which have not been programmed as high-speed outputs, can be defined as high-
speed outputs for individual outputs with the keyword QU. Program execution continues without
waiting for the acknowledgment of the miscellaneous function (the program waits for the
transport acknowledgment). This helps avoid unnecessary hold points and interruptions to
traversing movements.

Note

The appropriate machine data must be set for the "High-speed function outputs" function
(» machine manufacturer).

Function outputs for travel commands

The transfer of information as well as waiting for the appropriate response takes time and
therefore influences the traversing movements.

High-speed acknowledgment without block change delay

Block change behavior can be influenced by machine data. When the "without block change
delay" setting is selected, the system response with respect to high-speed auxiliary functions
is as follows:

Auxiliary function output | Response

Before the movement The block transition between blocks with high-speed auxiliary functions
occurs without interruption and without a reduction in velocity. The auxiliary
function output takes place in the first interpolator clock cycle of the block.
The following block is executed with no acknowledgment delay.

During the movement The block transition between blocks with high-speed auxiliary functions
occurs without interruption and without a reduction in velocity. The auxiliary
function output takes place during the block. The following block is execu-
ted with no acknowledgment delay.

After the movement The movement stops at the end of the block. The auxiliary function output
takes place at the end of the block. The following block is executed with
no acknowledgment delay.
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14.1 M functions

/I\ CAUTION

Function outputs in continuous-path mode

Function outputs before the traversing movements interrupt the continuous-path mode (G64/
G641) and generate an exact stop for the previous block.

Function outputs after the traversing movements interrupt the continuous-path mode (G64/
G641) and generate an exact stop for the current block.

Important: A wait for an outstanding acknowledgment signal from the PLC can also interrupt
the continuous-path mode, e.g. for M command sequences in blocks with extremely short
path lengths.

14.1 M functions

The M functions initiate switching operations, such as "Coolant ON/OFF" and other functions

on the machine.

Syntax
M<value>
M[<address extension>] = <value>
Meaning
M: Address for the programming of the M functions.
<address extension>: The extended address notation applies for some M functions (e.g.
specification of the spindle number for spindle functions).
<value>: Assignment is made to a certain machine function through the value

assignment (M function number).
Type: INT
Range of values: 0 ... 2147483647 (max. INT value)

Predefined M functions

Certain important M functions for program execution are supplied as standard with the control:

M function

Meaning

MO*

Programmed stop

M1*

Optional stop

M2+

End of program, main program (as M30)

M3

Spindle clockwise

M4

Spindle counter-clockwise

M5

Spindle stop

M6

Tool change (default setting)

342
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14.1 M functions

M function Meaning

M17* End of subprogram

M19 Spindle positioning

M30* End of program, main program (as M2)

M40 Automatic gear change

M41 Gear stage 1

M42 Gear stage 2

M43 Gear stage 3

M44 Gear stage 4

M45 Gear stage 5

M70 Spindle is switched to axis mode
Note

Extended address notation cannot be used for the functions marked with *.

The functions M0, M1, M2, M17 and M30 are always triggered after the traversing movement.

M functions defined by the machine manufacturer

Examples

Fundamentals

All free M function numbers can be used by the machine manufacturer, e.g. for switching
functions to control the clamping devices or for the activation/deactivation of further machine
functions.

Note

The functions assigned to the free M function numbers are machine-specific. A certain M
function can therefore have a different functionality on another machine.

Refer to the machine manufacturer's specifications for the M functions available on a machine
and their functions.

Example 1: Maximum number of M functions in the block

Program code Comment
N10 S...
N20 X... M3 ; M function in the block with axis movement,

; spindle accelerates prior to X axis movement.

N180 M789 M1767 M100 M102 ; Maximum of five M functions in the block.

M376
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14.1 M functions

Example 2: M function as high-speed output

Program code Comment

N10 H=QU (735) ; Fast output for H735.
N10 Gl F300 X10 Y20 Go4
N20 X8 Y90 M=QU (7) ; Fast output for M7.

M7 has been programmed as fast output so that the continuous-path mode (G64) is not
interrupted.

Note

Only use this function in special cases as, for example, the chronological alignment is changed
in combination with other function outputs.

Further information about the predefined M commands

344

Programmed stop: MO

The machining is stopped in the NC block with MO. You can now remove chips, remeasure,
etc.

Programmed stop 1 - optional stop: M1

M1 can be set via:

e HMI / dialog box "Program Control"
or

e NC/PLC interface

The program execution of the NC is stopped by the programmed blocks.
Programmed stop 2 - an auxiliary function associated with M1 with stop in the program
execution

Programmed stop 2 can be set via the HMI / dialog box "Program Control" and allows the
technological sequences to be interrupted at any time at the end of the part to be machined.
In this way, the operator can interrupt the production, e.g. to remove chip flows.

End of program: M2, M17, M30

A program is ended with M2, M17 or M30. If the main program is called from another program
(as subprogram), M2/M30 has the same effect as M17 and vice versa, i.e. M17 has the same
effect in the main program as M2/M30.

Spindle functions: M3, M4, M5, M19, M70

The extended address notation with specification of the spindle number applies for all spindles.

Example:
|Program code Comment
|M2=3 ; Clockwise spindle rotation for the second spindle

If an address extension has not been programmed, the function applies for the master spindle.
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15.1 Output messages (MSG)

Using the MSG () statement, any character string from the part program can be output as
message to the operator.

Syntax
MSG ("<Message text>"[,<Execution>])
MSG ()
Meaning
MSG: Predefined subprogram call for output of a message

<message text>:

Any character string to be displayed as message

Type: STRING
Maximum length: 124 characters; the display takes up two lines (262
characters)

By using the link operator "<<", variables can also be output in the message

text.

<Execution>:

Parameter to define the time when the message is written (optional)

Type: INT
Value: 0 (basic set- | To write the message, a dedicated main run
ting) block is not generated. This is realized in the next

NC block that can be executed. Active continu-
ous-path mode is not interrupted.

To write the message, a dedicated main run
block is generated. Active continuous-path mode
is interrupted.

MSG () :

The actual message can be deleted by programming MSG () without message
text. If not deleted, the display remains until the next message is present.

Note

If the message is to be output in the language active at the user interface, then the user requires
information about the language that is currently set at the HMI. This information can be
interrogated in the part program and in the synchronized actions using system variable

$AN_LANGUAGE_ON_HMI (see "Currently set language in the HMI (Page 505)").

Fundamentals
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15.2 Writing string in OPI variable (WRTPR)

Examples
Example 1: Output/delete message
Program code Comment
N10 G91 G64 F100 ; Continuous path mode
N20 X1 Y1
N... X... Y...
N20 MSG ("Machining part 1") ; The message is first output with N30.
; continuous-path mode is retained.
N30 X... Y...
N... X... Y...
N400 X1 Y1
N410 MSG ("Machining part 2",1) ; The message is output with N410.
; continuous-path mode is interrupted.
N420 X1 Y1
N X. Y
N900 MSG () ; Delete message.
Example 2: Message text with variable
Program code Comment
N10 R12=$AA IW [X] ; Actual position of the X axis in R12.
N20 MSG ("Check position of X axis"<<R12<<) ; Output message with variable R12.
N90 MSG () ; Clear message from N20.

156.2 Writing string in OPI variable (WRTPR)

Using the WRTPR () function, you can write any character string from the part program into the
OPI variable progProtText.

Syntax
WRTPR (<character string>[,<execution>])
Meaning
WRTPR: Function to output a character string.
<character Any character string, which is written to the OPI variable progProtText.
string>
Type: STRING

Maximum length: | 128 characters

<Execution>: Optional parameters to define the instant in time when the string is written.

Range of values: | 0, 1
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15.3 Working area limitation

Default value: 0
Value Meaning
0 To write the string, a dedicated main run block is not gen-

erated. This is realized in the next NC block that can be
executed. Active continuous-path mode is not interrupted.

1 To write the string, a dedicated main run block is gener-
ated. Active continuous-path mode is interrupted.
Examples
Program code Comment
N10 G91 G64 F100 ; continuous path mode
N20 X1 Y1
N30 WRTPR ("N30") ; The string "N30" is first written to N40.
; Continuous-path mode is kept.
N40 X1 Y1
N50 WRTPR ("N50", 1) ; The string "N50" is written to N50.
; Continuous-path mode is interrupted.
N60 X1 Y1
156.3 Working area limitation
15.3.1 Working area limitation in BCS (G25/G26, WALIMON, WALIMOF)

G25/G2¢6 limits the working area (working field, working space) in which the tool can traverse.
The areas outside the working area limitations defined with G25/G2 6 are inhibited for any tool

motion.

/?(/Protected zone

Working area
%@4 &

o
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15.3 Working area limitation

Syntax

Meaning

348

The coordinates for the individual axes apply in the basic coordinate system:

AZ

Basic
coordinate
control

The working area limitation for all validated axes must be programmed with the WAL TMON
command. The WALIMOF command deactivates the working area limitation. WALIMON is the
default setting. Therefore, it only has to be programmed if the working area limitation has been
disabled beforehand.

G25 X.Y..Z..
G26 X.Y..Z..
WALIMON
WALIMOF
G25: Lower working area limitation
Assignment of values in channel axes in the basic coordinate system
G26: Upper working area limitation
Assignment of values in channel axes in the basic coordinate system
Xew Yoo Z. Lower or upper working area limits for individual channel axes
The limits specified refer to the basic coordinate system.
WALIMON: Switch working area limitation on for all axes
WALIMOF: Switch working area limitation off for all axes

In addition to programming values using G25/G26, values can also be entered using axis-
specific setting data:

SD43420 $SA_WORKAREA_LIMIT_PLUS (Working area limitation plus)
SD43430 $SA_WORKAREA_LIMIT_MINUS (Working area limitation minus)
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15.3 Working area limitation

Activating and deactivating the working area limitation, parameterized using SD43420 and
SD43430, are carried out for a specific direction using the axis-specific setting data that
becomes immediately effective:

SD43400 $SA_WORKAREA_PLUS_ENABLE (Working area limitation active in the positive
direction)

SD43410 $SA_WORKAREA_MINUS_ENABLE (Working area limitation active in the negative
direction)

Using the direction-specific activation/deactivation, it is possible to limit the working range for
an axis in just one direction.

Note

The programmed working area limitation, programmed with G25/G2 6, has priority and
overwrites the values entered in SD43420 and SD43430.

Note

G25/G26 can also be used to program limits for spindle speeds at the address S. For more

information see " Programmable spindle speed limitation (G25, G26) (Page 94) ".

Example
« Protected zone Using thg working area I|m|t§t|(?n 92 5/26,
A7B the working area of a lathe is limited so
that the surrounding devices and equip-
ment - such as revolver, measuring sta-
X+ tion, etc. are protected against damage.
= Default setting: WALIMON
Working area
) —
© & >
EARS
{30 300
Program code Comment

N10 GO G90 FO0.5 T1

N20 G25 X-80 Z30 ; Define the lower limit for the individual coordinate
axes

N30 G26 X80 Z330 ;Define the upper limit

N40 L22 ;Cutting program

N50 GO G90 7102 T2 ;To tool change location
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15.3 Working area limitation

Program code Comment

N60 X0

N70 WALIMOF ;Deactivate working area limitation
N80 Gl z-2 FO0.5 ;Drill

N90 GO 7200 ;Back

N100 WALIMON ; Switch on working area limitation
N110 X70 M30 ; End of program

Further information

Reference point at the tool

When tool length offset is active, the tip of the tool is monitored as reference point, otherwise
it is the toolholder reference point.

Consideration of the tool radius must be activated separately. This is done using channel-
specific machine data:

MD21020 $MC_WORKAREA_WITH_TOOL_RADIUS

If the tool reference point lies outside the working area defined by the working area limitation
or if this area is left, the program sequence is stopped.

Note

If transformations are active, the tool data taken into consideration (tool length and tool radius)
can deviate from the described behavior.

References:
Function Manual, Basic Functions; Axis Monitoring, Protection Zones (A3),
Section: "Monitoring the working area limitation"

Programmable working area limitation, G25/G26

An upper (G26) and a lower (G25) working area limitation can be defined for each axis. These
values are effective immediately and remain effective for the corresponding MD setting (—
MD10710 $MN_PROG_SD_RESET_SAVE_TAB) after RESET and after being powered-up
again.

Note

The CALCPOSI subprogram is described in the Job Planning Programming Manual Using this
subprogram before any traversing motion is made, it can be checked as to whether the
predicted path is moved through taking into account the working area limits and/or the
protection zones.
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15.3 Working area limitation

156.3.2 Working area limitation in WCS/SZS (WALCSO ... WALCS10)

The "working area limitation in WCS/SZS" enables a flexible workpiece-specific limitation of
the traversing range of the channel axes in the workpiece coordinate system (WCS) or settable
zero system (SZS). It is intended mainly for use in conventional lathes.

Requirement

The channel axes must be homed.

Working area limitation group

In order that the axis-specific working area limits do not have to be rewritten for all channel
axes when switching axis assignments, e.g. when switching transformations or the active
frame on/off, working area limitation groups are available.

A working area limitation group comprises the following data:
e Working area limits for all channel axes

® Reference system of the working area limitation

Syntax

$P_WORKAREA CS_COORD SYSTEM[<WALimNo>]=<Value>
$P_WORKAREA CS PLUS ENABLE [<WALimNo>, <Ax>]=<Value>
$P WORKAREA CS LIMIT PLUS[<WALimNo>,<Ax>]=<Value>
$P_WORKAREA CS MINUS_ ENABLE [<WALimNo>, <Ax>]=<Value>

$P_WORKAREA CS LIMIT MINUS[<WALimNo>,<Ax>]=<Value>

WALCS<n>

WALCSO

Meaning

$P_WORKAREA CS COORD_SYSTEM[<WALimNo>]=<Value>

The coordinate system to which the working area limitation group refers

<WALimNo>: | Working area limitation group

Type: INT

Range of values: | 0 (group 1) ... 9 (group 10)
<Value>: Value of the type INT

1 Workpiece coordinate system (WCS)
3 Settable zero system (SZS)
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15.3 Working area limitation

$$P WORKAREA CS PLUS ENABLE [<WALimNo>,<Ax>]=<Value>

Enable the working area limitation in the positive axis direction for the specified channel axis

<WALimNo>:

Working area limitation group

Type: INT

Range of values: | 0 (group 1) ... 9 (group 10)

<AX>:

Channel axis name

<Value>:

Value of the type BOOL

0 (FALSE) No release

1 (TRUE) Release

$P_WORKAREA CS MINUS ENABLE [<WALimNo>, <Ax>]=<Value>

Enable the working area limitation in the negative axis direction for the specified channel axis

<WALimNo>:

Working area limitation group

Type: INT

Range of values: | 0 (group 1) ... 9 (group 10)

<AX>:

Channel axis name

<Value>:

Value of the type BOOL

0 (FALSE) This has not been released

Enable

1 (TRUE)

$P_WORKAREA CS LIMIT PLUS[<WALimNo>,<Ax>]=<Value>

Working area limitation in the positive direction of the specified channel axis

<WALimNo>:

Working area limitation group

Type: INT

Range of values: | 0 (group 1) ... 9 (group 10)

<AxX>:

Channel axis name

<Value>:

Value of the type REAL

$P_WORKAREA CS LIMIT MINUS[<WALimNo>, <Ax>]=<Value>

Working area limitation in the negative direction of the specified channel axis

<WALimNo>:

Working area limitation group

Type: INT

Range of val-
ues:

0 (group 1) ... 9 (group 10)

<AX>:

Channel axis name

<Value>:

Value of the type REAL

WALCS<n>:

Activation of the working area limitations of a working area limitation group

<n>:

Number of the working area limitation group

Range ofval- |1...10

ues:

352
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15.3 Working area limitation

WALCSO: Deactivation of the working area limits active in the channel

Note

The actual available number of working area limitation groups depends on the configuration

(- see details of the machine manufacturer).

Example

Three axes are defined in the channel: X, Y and Z

A working area limitation group No. 2 is to be defined and then activated in which the axes are
to be limited in the WCS according to the following specifications:

e X axis in the plus direction: 10 mm

e X axis in the minus direction: No limitation
® Y axis in the plus direction: 34 mm

® Y axis in the minus direction: -25 mm

® 7 axis in the plus direction: No limitation

® 7 axis in the minus direction: -600 mm

Program code

Comment

N51 $P WORKAREA CS COORD SYSTEM[1]=1

N60 $P WORKAREA CS PLUS ENABLE[1,X]=TRUE
N61 $P WORKAREA CS LIMIT PLUS[1,X]=10

N62 $P_WORKAREA CS MINUS ENABLE[1,X]=FALSE
N70 $P WORKAREA CS PLUS ENABLE[1,Y]=TRUE
N73 $P WORKAREA CS LIMIT PLUS([1,Y]=34

N72 $P_WORKAREA CS MINUS ENABLE[1,Y]=TRUE
N73 $P WORKAREA CS LIMIT MINUS[1,Y]=-25
N80 $P WORKAREA CS PLUS ENABLE[1,Z]=FALSE
N82 $P WORKAREA CS MINUS ENABLE[1,Z]=TRUE
N83 $P WORKAREA CS LIMIT PLUS[1,2]=-600

N90 WALCS2

Further information
Effectivity
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15.4 Reference point approach (G74)

15.4

Syntax

Meaning

Example

354

The working area limitation with WALCS1 - WALCS10 acts independently of the working area
limitation with WAL IMON. If both functions are active, that limit becomes effective which the
axis motion first reaches.

Reference point at the tool

Taking into account the tool data (tool length and tool radius) and therefore the reference point
at the tool when monitoring the working area limitation corresponds to the behavior for the
working area limitation with WAL TMON.

Reference point approach (G74)

When the machine has been powered up (where incremental position measuring systems are
used), all of the axis slides must approach their reference mark. Only then can traversing
movements be programmed.

The reference point can be approached in the NC program with G74.

G74 X1=0 Y1=0 z1=0 Al1=0 ..;Programmed in a separate NC block

G74: G function call for reference point approach

X1=0 Y1=0 Z1=0 ..: The specified machine axis address x1, Y1, z1 ... for linear axes is
approached as the reference point.

Al=0 B1=0 C1=0 ..: The specified machine axis address A1, B1, C1 ... for rotary axes is

approached as the reference point.

Note

A transformation must not be programmed for an axis which is to approach the reference point
with G74.

The transformation is deactivated with command TRAFOOF.

When the measuring system is changed, the reference point is approached and the workpiece
zero point is set up.

Program code Comment

N10 SPOS=0 ;Spindle in position control

N20 G74 X1=0 Y1=0 z1=0 C1=0 ;Reference point approach for linear axes and
rotary axes

N30 G54 ; Zero offset

N40 L47 ;Cutting program

N50 M30 ; End of program
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16.5 Approaching a fixed point (G75)

The non-modal command G75 can be used to move axes individually and independently of
one another to fixed points in the machine space, e.g. to tool change points, loading points,
pallet change points, etc.

The fixed points are positions in the machine coordinate system which are stored in the
machine data (MD30600 $MA_FIX_POINT_POSI[n]). A maximum of four fixed points can be
defined for each axis.

The fixed points can be approached from every NC program irrespective of the current tool or
workpiece positions. An internal preprocessing stop is executed prior to moving the axes.

&
©)

ixed point

Requirements
The following requirements must be satisfied to approach fixed points with G75:
® The fixed-point coordinates must have been calculated exactly and written to machine data.

® The fixed points must be located within the valid traversing range (- note the software limit
switch limits!)

® The axes to be traversed must be referenced.

e No tool radius compensation must be active.

® A kinematic transformation may not be active.

® None of the axes to be traversed must be involved in active transformation.

® None of the axes to be traversed must be a following axis in an active coupling.
® None of the axes to be traversed must be an axis in a gantry grouping.

® Compile cycles must not activate motion components.
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Syntax

Meaning

Example

356

G75 <axis name><axis position> ... FP=<n>

G75:

Fixed point approach

<axis name>

Name of the machine axis to be traversed to the fixed point
All axis identifiers are permitted.

<axis position>:

The position value has no significance. A value of "0" is, therefore, usually
specified.

FP=: Fixed point that is to be approached
<n>: Fixed point number
Range of values: 1,2,3,4
Note:
In the absence of FP=<n> or a fixed point number, or if FP=0 has been
programmed, this is interpreted as FP=1 and fixed point 1 is approached.
Note

Multiple axes can be programmed in one G75 block. The axes are then traversed
simultaneously to the specified fixed point.

Note

The value of the address FP must not be greater than the number of fixed points specified for
each programmed axis (MD30610 $SMA_NUM_FIX_POINT_POS).

For a tool change, axes X (= AX1) and Z (= AX3) need to move to the fixed machine axis
position 1 where X = 151.6 and Z = -17.3.

Machine data:

e MD30600 $MA_FIX_POINT_POS[AX1,0] = 151.6
e MD30600 $MA_FIX_POINT[AX3,0] =17.3

NC program:

Program code

Comment

N100 G55
N110 X10 Y30 Z40

; Activate settable zero offset.

; Approach positions in the WCS.
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Program code Comment

N120 G75 X0 Z0 FP=1 MO ; The X axis moves to 151.6
; and the Z axis moves to 17.3 (in the MCS).
; Each axis travels at its maximum velocity.

; No additional movements are permitted to be active in
this block.

; A stop is inserted here so that after reaching
; the end positions,
; no additional motion takes place.

N130 X10 Y30 z40 ; The position of N110 is approached again.

; The zero offset is reactivated.

Note

If the "Tool management with magazines" function is active, the auxiliary function T... or
M. .. (typically M6) will not be sufficient to trigger a block change inhibit at the end of G75
motion.

Reason: If "Tool management with magazines" is active, auxiliary functions for tool change
are not output to the PLC.

Further information

G75

The axes are traversed as machine axes in rapid traverse. The motion is mapped internally
using the "SUPA" (suppress all frames) and "GO RTLIOF" (rapid traverse motion with single-
axis interpolation) functions.

If the conditions for "RTLIOF" (single-axis interpolation) are not met, the fixed point is
approached as a path.

When the fixed point is reached, the axes come to a standstill within the "Exact stop fine"
tolerance window.
Parameterizable dynamic response for G75

The required dynamic response mode can be set via the following machine data for positioning
movements to fixed-point positions (G75):

MD18960 $MN_POS_DYN_MODE (type of positioning axis dynamic response)

References
Function Manual, Basic Functions, Chapter "Acceleration (B2)" > "Functions" > "Jerk limiting
for single axis interpolation (SOFTA) (axis-specific)"
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Additional axis movements

The following additional axis movements are taken into account at the instant in time at which
the G75 block is interpolated:

e External zero offset
e DRF
® Synchronization offset ($AA_OFF)

After this, the additional axis movements are not permitted to change until the end of traversing
is reached by the G75 block.

Additional movements following interpretation of the G75 block will offset the approach to the
fixed point accordingly.

The following additional movements are not taken into account, irrespective of the point at
which interpolation takes place, and will offset the target position accordingly:

® Online tool offset

e Additional movements from compile cycles in the BCS and machine coordinate system

Active frames

All active frames are ignored. Traversing is performed in the machine coordinate system.

Working area limitation in the workpiece coordinate system/SZS
Coordinate-system-specific working area limitation (WALCSO ... WALCS10) is not effective in
the block with G75. The destination point is monitored as the starting point of the following
block.

Axis/Spindle movements with POSA/SPOSA

If programmed axes/spindles were previously traversed with POSA or SPOSA, these
movements will be completed first before the fixed point is approached.

Spindle functions in the G75 block

If the spindle is excluded from "fixed-point approach", then additional spindle functions (e.g.
positioning with SPOS/SPOSA) can be programmed in the G75.

Modulo axes

In the case of modulo axes, the fixed point is approached along the shortest distance.

References
For further information about "Fixed-point approach", see:

Function Manual, Extended Functions; Manual and Handwheel Travel (H1), Section: "Fixed-
point approach in JOG"
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15.6 Travel to fixed stop (FXS, FXST, FXSW)

Function

The "Travel to fixed stop" function can be used to establish defined forces for clamping
workpieces, such as those required for tailstocks, quills and grippers. The function can also
be used for the approach of mechanical reference points.

Actual position after
"Travel to fixed stop"

B
1
| N

| | Fixed stop
I monitoring window

7N

Programmed
end position Start position

With sufficiently reduced torque, it is also possible to perform simple measurement operations
without connecting a probe. The "travel to fixed stop" function can be implemented for axes
as well as for spindles with axis-traversing capability.

Syntax
FXS[<axis>]=..
FXST [<axis>]=
FXSW[<axis>]=
FXS[<axis>]=.. FXST[<axis>]=..
FXS[<axis>]=.. FXST[<axis>]=.. FXSW[<axis>]=..
Meaning
FXS: Command for activation and deactivation of the "Travel to fixed stop" function
FXS[<axis>]=1: Activate function
FXS=[<axis>]=0: Deactivate function
FXST: Optional command for setting the clamping torque
Specified as % of the maximum drive torque
FXSW: Optional command for setting the window width for the fixed stop monitoring
Specified in mm, inches or degrees
<axis>: Machine axis name

Machine axes (X1, Y1, Z1, etc.) are programmed
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Note
The commands FXS, FXST and FXSW are modal.

The programming of FXST and FXSW is optional: If no parameter is specified, the last
programmed value or the value set in the relevant machine data applies.

Activate travel to fixed stop: FXS[<axis>] = 1

The movement to the destination point can be described as a path or positioning axis
movement. With positioning axes, the function can be performed across block boundaries.

Travel to fixed stop can be performed simultaneously for several axes and parallel to the
movement of other axes. The fixed stop must be located between the start and end positions.

NOTICE

Risk of collision

It is not permissible to program a new position for an axis if the "Travel to fixed stop" function
has already been activated for an axis/spindle.

Spindles must be switched to position-controlled mode before the function is selected.

Example:
Program code Comment
X250 Y100 F100 FXS[X1]=1 FXST[X1]=12.3 FXSW[X1]=2 ; Axis X1 travels with feedrate

F100 (specification optional)
to target position X=250 mm.

The clamping torque is 12.3% of
the maximum drive torque, moni-
toring is performed in a 2 mm

wide window.

Deactivate travel to fixed stop: FXS[<axis>] = 0

Deselection of the function triggers a preprocessing stop.
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Clamping torque

15.6 Travel fo fixed stop (FXS, FXST, FXSW)

The block with FXS [<axis>]=0 may and should contain traversing movements.

NOTICE

Risk of collision

The traversing movement to the retraction position must move away from the fixed stop,
otherwise damage to the stop or to the machine may result.

The block change takes place when the retraction position has been reached. If no retraction
position is specified, the block change takes place immediately after the torque limit has been
deactivated.

Example:
Program code Comment
X200 Y400 GO1 G94 F2000 FXS[X1]=0 ; Axis X1 is retracted from the fixed

stop to position X = 200 mm. All other
parameters are optional.

(FXST) and monitoring window (FXSW)

Any programmed torque limiting FXST is effective from the block start, i.e. the fixed stop is also
approached at a reduced torque. FXST and FXSW can be programmed and changed in the
part program at any time. The changes take effect before traversing movements in the same
block.

NOTICE

Risk of collision

Programming of a new fixed stop monitoring window causes a change not only in the window
width, but also in the reference point for the center of the window if the axis has moved prior
to reprogramming. The actual position of the machine axis when the window is changed is
the new window center point.

The window must be selected such that only a breakaway from the fixed stop causes the
fixed stop monitoring to respond.

Further information

Fundamentals

Rise ramp

A rate of rise ramp for the new torque limit can be defined in MD to prevent any abrupt changes
to the torque limit setting (e.g. insertion of a quill).

Alarm suppression

The fixed stop alarm can be suppressed for applications by the part program by masking the
alarm in a machine data item and activating the new MD setting with NEW_CONF.

Activation

Programming Manual, 10/2015, 6FC5398-1BP40-5BA3 361



Supplementary commands
15.6 Travel to fixed stop (FXS, FXST, FXSW)

The commands for travel to fixed stop can be called from synchronized actions or technology
cycles. They can be activated without initiation of a motion, the torque is limited
instantaneously. As soon as the axis is moved via a setpoint, the limit stop monitor is activated.

Activation from synchronized actions
Example:

If the expected event ($R1) occurs and travel to fixed stop is not yet running, £Xs should be
activated for axis Y. The torque must correspond to 10% of the rated torque value. The width
of the monitoring window is set to the default.

|Program code

N10 IDS=1 WHENEVER ((SR1=1) AND ($AA FXS[Y]==0)) DO $R1=0 FXS[Y]=1
FXST[Y]=10

The normal part program must ensure that $R1 is set at the desired point in time.
Deactivation from synchronized actions
Example:

If an anticipated event ($R3) has occurred and the status "Limit stop contacted" (system
variable $AA_FXS) is reached, then FXS must be deselected.

|Program code

IDS=4 WHENEVER (($R3==1) AND ($SAA FXS[Y]==1)) DO FXS[Y]=0
FA[Y]=1000 POS[Y]=0

Fixed stop reached

When the fixed stop has been reached:

® The distance-to-go is deleted and the position setpoint is corrected.

® The drive torque increases to the programmed limit value FxsSw and then remains constant.

® Fixed stop monitoring is activated within the specified window width.
Supplementary conditions

o Measurement with delete distance-to-go
"Measurement with delete distance-to-go" (MEAS command) and "Travel to fixed stop”
cannot be programmed at the same time in one block.
Exception:
One function acts on a path axis and the other on a positioning axis or both act on positioning
axes.

e Contour monitoring
Contour monitoring is not performed while "Travel to fixed stop" is active.

® Positioning axes
For "Travel to fixed stop" with positioning axes, the block change is performed irrespective
of the fixed stop movement.

Fundamentals
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15.7

Syntax

Meaning

Fundamentals

15.7 Dwell time (G4)

® Link and container axes
Travel to fixed stop is also permitted for link and container axes.
The status of the assigned machine axis is maintained beyond the container rotation. This
also applies for modal torque limiting with FOCON.
References:

— Function Manual, Extended Functions; Several Control Panels on Multiple NCUs,
Distributed Systems (B3)

— Programming Manual, Job Planning; Subject: "Travel to fixed stop (FXS and FOCON/
FOCOF)"

® Travel to fixed stop is not possible:
— With gantry axes

— For concurrent positioning axes that are controlled exclusively from the PLC (Fxs must
be selected from the NC program).

e |f the torque limit is reduced too far, the axis will not be able to follow the specified setpoint;
the position controller then goes to the limit and the contour deviation increases. In this
operating state, an increase in the torque limit may result in sudden, jerky movements. To
ensure that the axis can follow the setpoint, check the contour deviation to make sure it is
not greater than the deviation with an unlimited torque.

Dwell time (G4)

With the command G4, a time (dwell time) is programmed in a block that expires as soon as
the block is executed in the main run. The block change to the following block is performed as
soon as the time has completely expired.

Note

G4 interrupts continuous-path mode.

G4 F<Time>
G4 S<NumSpi>
G4 S<n> = <NumSpi>

G4: Activate dwell time
Alone in the Yes
block:
F<Time>: The dwell time <Time> in seconds is specified at address F.
S<NumSpi>: The dwell time is programmed at address S in spindle revolutions <NumSpi > with

reference to the current main spindle.

S<n>=NumSpi>: | The dwell time is programmed at address S in spindle revolutions <NumSpi> with

reference to the spindle addressed with the address extension <n>.
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15.7 Dwell time (G4)

Note

The addresses F and s used for the time specified in the dwell block G4 do not influence the
feedrates F. . . and the spindle speeds s. . . of the program.

Supplementary conditions

364

Synchronized actions

Two synchronized actions are programmed in one program in such a way that the following
block with the dwell time becomes the action block in which the synchronized actions are
performed. One synchronized action is a modal synchronized action. The other synchronized
action is a non-modal synchronized action. If the non-modal synchronized action is intended
to influence the model synchronized action, e.g. release it for execution with UNLOCK, at least
two interpolation cycles e.g. G4 F<interpolator cycle * 2> must be provided as the
effective dwell time.

The effective dwell time depends on the setting in the machine data MD10280
$SMN_PROG_FUNCTION_MASK, Bit 4 = <value>

Value | Meaning

0 The effective dwell time is equal to the programmed dwell time

1 The effective dwell time is equal to the programmed dwell time rounded to the next largest
multiple of the interpolator cycle (MD10071 $MN_IPO_CYCLE_TIME)

Program example:
e MD10071 $MN_IPO_CYCLE_TIME == 8 ms
e MD10280 $MN_PROG_FUNCTION_MASK, Bit 4 = 1

Program code Comment

N10 WHEN TRUE DO LOCK (1) ; Non-modal SynAct: LOCK of the
; modal SynAct. ID=1
N20 G4 F2 ; Action block for SynAct from N10
N30 WHEN TRUE DO UNLOCK (1) ; Non-modal SynAct: UNLOCK
; of the modal SynAct. ID=1
N40 ID=1 WHENEVER TRUE DO $R0=1 RDISABLE ; Modal SynAct ID=1
; R parameter RO=1
; Set the read-in disable
N50 G4 F0.012 ; Action block for SynAct from N40 and N50

; See paragraph "Description" below

N60 G4 F10

Description

The desired behavior is that the modal synchronized action from N30 cancels the active lock
(LOCK) of the modal synchronized action with ID=1 from N40, causing the R parameter to be
written in N50 and the read-in disable to become active. This behavior is only achieved if the
active dwell time is at least two interpolation cycles long.

Fundamentals
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156.8 Internal preprocessing stop

The active dw