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Preface

Reader’s note The SINUMERIK documentation is structured in 4 levels:
® General documentation
® User documentation
* Manufacturer/service documentation
¢ OEM documentation.

This documentation is intended for machine tool manufacturers. It gives a
detailed description of the functions available in the SINUMERIK controls.

The descriptions of functions are only valid for the software versions specified.
For new software versions, the relevant descriptions are available on request.
Earlier descriptions of functions are only partly applicable for new software
versions.

For more detailed information on SINUMERIK 840D/840Di/810D and other pub-
lications covering all SINUMERIK controls (e.g. universal interface, measuring
cycles ...), please contact your local Siemens office.

Note

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.

Hotline If you have any questions about the control, please contact the hotline:

A&D Technical Support Phone: ++49-180-5050-222
Fax:  ++49-180-5050-223
Email: adsupport@siemens.com

Please send any questions about the documentation (suggestions for improve-
ment, corrections) to the following fax number or email address:

Fax: ++49-9131-98-2176

Email: motioncontrol.docu @ erlf.siemens.de

Fax form: see reply form at the end of the manual.

Internet address http://www.ad.siemens.de/sinumerik
SINUMERIK

© Siemens AG, 2002. All rights reserved
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SINUMERIK 840D
powerline

SINUMERIK 810D
powerline

Objective

Target groups

Information on
using this manual

Vi

As from 09/2001
¢ SINUMERIK 840D powerline and
¢ SINUMERIK 840DE powerline

will be available with improved performance. A list of all available powerline
modules you will find in Section 1.1 of the Hardware Description /PHD/.

As from 12/2001
* SINUMERIK 810D powerline aund
¢ SINUMERIK 810DE powerline

will be available with improved performance. A list of all available powerline
modules you will find in Section 1.1 of the Hardware Description /PHC/.

The Descriptions of Functions provide the information required to configure and
start-up the control.

The Descriptions of Functions include information for:
¢ the configuring engineer

* the PLC programming engineer for the creation of the PLC user program
with the signals listed

* the start-up engineer after system configuration and installation

* the service technician for checking and interpreting the status displays and
alarms.

This Function Manual is structured as follows:
¢ Overall table of contents (main headings) of the manual

* Descriptions of functions in alphanumeric sequence according to the
Function Description codes

* Appendix with index.

Note

The Basic Machine (Part 1) Description of Functions contains a glossary as
well as lists of abbreviations, terms used and references.

The footer on each page contains the following information:
Part of the Description of Functions / Manual / Section — Page

© Siemens AG, 2002. All rights reserved
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Specification of
software version

If you require more information about a particular function, you can find the
function and its sorting code on the inside front page of the manual.

If you require information on a certain term, please refer to the index in the
appendix. The index lists the code of the Description of Functions, the section
number and the page on which information relevant to the term you are seeking
can be found.

Chapters 4 and 5 in each individual Description of Functions provide definitions
of “Effectiveness, data format, input limits, etc.” for the various signals and data.
These definitions are explained below under “Technical information”.

Important

This documentation is valid for:

° SINUMERIK 840D control,
SWe6

° SINUMERIK 810D control,
SWe6

° SINUMERIK 840Di control
SW2

The software versions specified in this documentation refer to the SINUMERIK
840D control system. The equivalent software version for the SINUMERIK 810D
(if the function is enabled, refer to /BU/, Catalog NC 60) is not explicitly
specified. In this case, the following applies:

Table 1-1 Corresponding software version
SINUMERIK 840D SINUMERIK 810D SINUMERIK 810D SINUMERIK 840Di
powerline
6.3 (09.01) corresponds to - 6.1 (12.01) 2.1 (07.01)
5.3 (04.00) corresponds to 3.3 (04.00) - 1.1 (07.00)
3.7 (03.97) corresponds to 1.7 (03.97) - -

© Siemens AG, 2002. All rights reserved
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Explanation of
symbols

-

A

> B B &

viii

Important

This symbol always appears in the documentation when important information
is being conveyed.

Ordering data option

In this documentation, you will find this symbol with a reference to an order data
option. The function described is executable only if the control contains the
designated option.

Machine manufacturer

This symbol appears in this documentation whenever the machine manufac-
turer can influence or modify the described functional behavior. Please observe
the information provided by the machine manufacturer.

Danger

Indicates an imminently hazardous situation which, if not avoided, will result in
death or serious injury or in substantial property damage.

Warning

Indicates a potentially hazardous situation which, if not avoided, could result in
death or serious injury or in substantial property damage.

Caution

Used with the safety alert symbol indicates a potentially hazardous situation
which, if not avoided, may result in minor or moderate injury or in property da-
mage.

Caution

Used without safety alert symbol indicates a potentially hazardous situation
which, if not avoided, may result in property damage.

© Siemens AG, 2002. All rights reserved
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Notice

Used without the safety alert symbol indicates a potential situation which, if not
avoided, may result in an undesirable result or state.

Technical information

Notations

Explanation of
terms and
abbreviations in
Chapters 4 and 5

Values in the table

Default value

Range of values
(minimum and
maximum values)

Effectiveness of
changes

The following notations and abbreviations are used in this documentation:

* PLC interface —> IS “Signal name” (Signal date)
Example: - IS “MMC-CPU1 ready” (DB10, DBX108.2) means that the
signal is filed in data block 10, data byte 108, bit 2.
— IS “Feedrate/spindle override” (DB31-48, DBB0) means that
the signals are located referring to spindles and axes in the
data blocks 31 to 48, data block byte 0.

* Machine data — MD: MD_NAME (English designation)
® Setting data —> SD: SD_NAME (English designation)

* The symbol “=” means “corresponds to”.

Chapter 4 and 5 of each Description of Functions contains a description of the
data and signals which are important for the relevant function. Some of the
terms and abbreviations used in this tabulated, explanatory text are explained in
more detail below.

The machine data used in the Description of Functions are always values for an
NCU 572.

The values for another NCU (for example, NCU 570, NCU 571, NCU 573) are in
the list manual.

References: /LIS/ “Lists”

The machine/setting data is automatically preset to this value during start-up. If
the default values depending on the channels are different, these are specified
by “ / 7!.

Specifies the input limits. If no value range is defined, the input limits are defined
by the data type and the field is characterized by “xx=”.

Changes to machine data, setting data, or similar parameters do not necessarily
take immediate effect in the control. For this reason, the conditions for activating
a new setting are always specified. The following list shows the applied
conditions in prioritized order:

* POWERON (po) “RESET” key on front panel of NCU module
or disconnection/connection of power supply

* NEW_CONF (cf) —“New configuration” function via PLC interface

— “RESET” key on control unit or
e RESET (re) “RESET” key on control unit or

* |mmediately (in)  after value entry

© Siemens AG, 2002. All rights reserved .
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Protection level There are protection levels 0 to 7. Levels 0 to 3 (4 to 7) can be enabled by
entering a password (keyswitch setting). The operator only has access to
information on the level for which he is authorized and for all lower levels.
Various protection levels are assigned to machine data as standard.

The table only lists the write protection level. However, there is a fixed
assignment between write and read levels:

Write protection level Read protection level
0 0
1 1
2 4
References: /BA/, Operator’s Guide

/FB/, A2, “Various Interface Signals”

Unit The unit refers to the default settings of the machine data SCALING_FAC-
TOR_USER_DEF_MASK and
SCALING_FACTOR_USER_DEF.
If the MD is not governed by any particular physical unit, then the symbol “-” is
entered in the unit field.

Data type The following data types are used in the control system:

e DOUBLE
Real or integer values (decimal values or integers)
Input limits from +/—4.19*10-307 to +/—1.67*10308

e DWORD
Integer values
Input limits from —2,147*109 to +2,147*109

e BOOLEAN
Possible input values: true or false and/or 0 or 1

e BYTE
Integer values from —128 to +127

* STRING
consisting of max. 16 ASCII characters (capital letters, digits and
underscore).

Data management The explanations of the PLC interface in the individual Function Descriptions
are based on a theoretical maximum number of components:

® 4 operating mode groups (associated signals stored in DB11)
* 8 channels (associated signals stored in DB21-30)
* 31 axes (associated signals stored in DB31-61).

For the number of components which can actually be implemented in the rele-
vant software version, please refer to
References: /BU/, “Ordering document” Catalog NC 60

© Siemens AG, 2002. All rights reserved
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03.96 3-Axis to 5-Axis Transformation (F2)
1.1 5-axis transformation

Brief Description

1.1 5-axis transformation

Functionality The “5-axis transformation” machining package (see Section 2.1) is designed
for machining sculptured surfaces with machine tools that have two rotary axes
in addition to the three linear axes X, Y and Z:
This package thus allows an axially symmetrical tool (milling cutter, laser beam)
to be oriented in any desired relation to the workpiece in the machining space.

The path and path velocity are programmed in the same way as for 3-axis tools.
The tool orientation is programmed additionally in the motion blocks.

The real-time transformation performs the calculation of the resulting motion of
all 5 axes. The generated machining programs are therefore not machine
specific. Kinematic-specific post-processors are not used for the 5-axis
machining operation.

A selection of various transformations is available for adapting the control to
various machine kinematics. Parts program commands can be issued in
operation to switch over between two transformations parameterized during
start-up.

This package therefore covers the three possible basic machine configurations
which differ in terms of tool and workpiece orientation.

® Qirientation of tool with two-axis swivel head
(machine type 1)

* Orientation of workpiece with two-axis rotary table
(machine type 2)

¢ Orientation of workpiece and tool with single-axis rotary table and swivel
head
(machine type 3)

The calculation also includes a tool length compensation.

Since the orientation in relation to the workpiece surface is stored in a separate
FRAME, a tool retraction operation with vertical orientation to the workpiece is
also possible.

© Siemens AG, 2002. All rights reserved
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3-Axis to 5-Axis Transformation (F2) 03.96

1.1 5-axis transformation

Tool
orientation

Machine-related
orientation

Workpiece-related
orientation

System variables for
orientation

Further
transformations

3/F2/1-6

The tool orientation can be specified in two ways:
* In relation to machine

* In relation to workpiece.

The machine-related orientation is dependent on the machine kinematics.

The workpiece-related orientation is not dependent on the machine kinematics.
It is programmed by means of:

* Euler angles
¢ RPY angles
* Vector components.

These elements define the direction of the tool in the workpiece coordinate
system. It is possible to program a specific component of the tool in its
orientation to the workpiece. In most cases, this will be a longitudinal axis of the
tool with the tool tip (Tool Center Point TCP), which is also termed

“TCP programming”.

Parts programs and synchronized actions have read access to system
variables that provide the following information:

* End orientation of block (run-in value)

¢ Orientation setpoint (SW 6.4 and higher)

® Actual orientation (SW 6.4 and higher)

* Angle between setpoint and actual orientation (SW 6.4 and higher)

® Status for actual orientation variable (SW 6.4 and higher)

Chapter 4 contains a detailed description of this.

The transformations described in the following sections are to be regarded as
special cases of the general 5-axis transformation described above:

® 3-axis and 4-axis transformations
With 2 or 3 linear axes and one rotary axis.

¢ Swiveling linear axis
One of the rotary axis rotates the 3rd linear axis.

® Universal milling head
The two rotary axes are positioned at a configurable angle in relation to one
another.

For an overview of these functions, please refer to sections 1.2 to 1.4; for a
more detailed description, refer to 2.2 to 2.4. Knowledge of the general 5-axis
transformation is a prerequisite for all of these transformations.

© Siemens AG, 2002. All rights reserved
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03.96 3-Axis to 5-Axis Transformation (F2)
1.2 3-axis and 4-axis transformation

1.2 3-axis and 4-axis transformation

Definition In contrast to the transformations described in Section 1.1, the 3-axis and 4-axis
transformations have the following characteristics:

® 3-axis transformation
— Two translatory axes
— One rotary axis

® 4-axis transformation
— Three translatory axes
— One rotary axis.

Both types of transformation belong to the orientation transformations.
Orientation of the tool must be programmed explicitly. The orientation of the tool
is executed in a plane perpendicular to the rotary axis.

Fig. 1-1 Schematic diagram of 3-axis transformation

© Siemens AG, 2002. All rights reserved
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3-Axis to 5-Axis Transformation (F2) 03.96
1.2 3-axis and 4-axis transformation

Fig. 1-2 Schematic diagram of 4-axis transformation with movable workpiece

A detailed description of the possible kinematics for 3-axis and 4-axis
transformations can be found in Section 2.2.

© Siemens AG, 2002. All rights reserved
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03.96 3-Axis to 5-Axis Transformation (F2)
1.3 Orientation transformation with swiveling linear axis

1.3 Orientation transformation with swiveling linear axis

Introduction This type of transformation is similar to the 5-axis transformation for machine
type 3 described in Section 1.1. However, the 3rd linear axis is not always
perpendicular to the plane defined by the other two linear axes.

Features of Machine kinematics, for which the orientation transformation described in the
machine following section applies, can be described as follows:
kinematics

— Kinematics with three linear axes and two orthogonal rotary axes.
— The rotary axes are parallel to two of the three linear axes.

— The first rotary axis is moved by two Cartesian linear axes. It rotates the
third linear axis, which moves the tool. The tool is aligned in parallel to
the third linear axis.

— The second rotary axis rotates the workpiece.
— The kinematics comprise a moved workpiece and a moved tool.

The following figure shows the interrelations for one of the possible axis
sequences, for which the transformation is possible.

© Siemens AG, 2002. All rights reserved
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3-Axis to 5-Axis Transformation (F2) 03.96
1.3 Orientation transformation with swiveling linear axis

Swiveled
linear axis

Rotary axis 1

L

Rotary axis 2

Machine zero

Fig. 1-3 Schematic diagram of a machine with swiveling linear axis

© Siemens AG, 2002. All rights reserved
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04.00 3-Axis to 5-Axis Transformation (F2)
1.4 Universal milling head

1.4 Universal milling head
Features A machine tool with universal milling head is characterized by the following
features:

The machine tool for the universal milling head has at least 5 axes

* 3 linear axes (for linear motions) [X, Y, Z] move the machining point to any
desired position in the machining space.

* 2 rotary swivel axes that are arranged at a configurable angle (usually
45 degrees), allow the tool to swivel to positions in space that are limited to
a half sphere with the 45 degrees configuration.

1.5 Orientation axes (SW 5.3 and higher)

Introduction With regard to the kinematics of robots, hexapods or nutators, there is no such
simple correlation between axis motion and change in orientation as is the case
on conventional 5-axis machines.

For this reason, the change in orientation is defined by a model that is created
independently of the actual machine. This model defines three virtual orientation
axes which can be visualized as rotations about the coordinate axes of a
rectangular coordinate system.

For the purpose of 6-axis transformations, a third degree of freedom for
orientation, describing the rotation of the tool about itself, has been introduced.

Definition The Cartesian coordinates are converted from the basic to the machine
coordinate system by means of a real-time transformation process. These
Cartesian coordinates comprise

— Geometry axes
— Orientation axes

Geometry axes describe the working point.
Orientation axes describe the orientation of the tool in space.

Tool orientation You can define the orientation of the tool in space as follows using linear
interpolation, large circle interpolation and by means of orientation vectors:

— Direct Programming of rotary axis positions A, B, C

— For 5-axis transformation, by programming:
the Euler or RPY angle in degrees via A2, B2, C2 or
the direction vector via A3, B3, C3

— Programming via leading angle LEAD and tilt angle TILT

© Siemens AG, 2002. All rights reserved
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1.6 Cartesian manual travel (SW 6.3 and higher)

1.6 Cartesian manual travel (SW 6.3 and higher)

The Cartesian manual travel function allows you to set the

Basic Coordinate System (BCS),
Workpiece Coordinate System (WCS),
and the Tool Coordinate System (TCS)

separately as reference system both for the translation and for the orientation.

1.7 Cartesian PTP travel (SW 5.3 and higher)

PTP = Point-to-Point motion

Introduction This function makes it possible to program a position in a Cartesian coordinate
system (workpiece coordinate system), while the machine traverses in the
machine coordinate system.

The function can be used, for example, to traverse a singularity. Cartesian
positions supplied by a CAD system need not been converted to machine axis
values.

It must also be noted that axes take longer to traverse in the Cartesian
coordinate system with active transformation and programmed feedrate than
when they are traversed directly.

1.8 Generic 5-axis transformation (SW 5.2 and higher)

Introduction The generic 5-axis transformation function differs from earlier 5-axis
transformation versions inasmuch as it is no longer restricted with respect to the
directions of rotary axes.

The basic orientation of the tool is no longer predefined in machine data as was
the case in earlier versions of orientation transformations, but can now be
programmed freely.

Detailed description given in Section 2.6.

1.9 On-line tool length offset (SW 6.4 and higher)

Introduction You can use the system variable $AA_TOFF[ ] to overlay the effective tool
lengths in 3-D at runtime. These offsets are active for

active orientation transformation (TRAORI) or an
active tool carrier in the relevant tool direction.

If the tool orientation changes, the tool length offsets that apply are rotated so
that the pivot point for the orientation movement always refers to the corrected
tool tip.

Detailed description given in Section 2.6.
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3-Axis to 5-Axis Transformation (F2)

1.10 Activation via parts program/softkey (SW 5.2 and higher)

1.10 Activation via parts program/softkey (SW 5.2 and higher)

Most of the machine data relevant to kinematic transformations were activated
by power ON in earlier versions.

As of SW 5.2, you can also activate transformations MDs via the parts
program/softkey and it is not necessary to boot the control.

Detailed Description given in

References: /FB/ 2, M1, “Kinematic transformation”, Section 2.5.

1.11 Compression of orientation (SW 6.3 and higher)

Solution up to
SW 6.1

Solution option as
of SW 6.3

During the execution of NC programs containing blocks with relatively short
traverse paths, the interpolation time can lead to a reduction in tool path velocity
and a corresponding increase in machining time.

You can run NC programs with short traverse paths without reducing the tool
path velocity by activating “compressors” COMPON, COMPCURYV or
COMPCAD. The compressor also smoothes the programmed movements and
consequently the tool path velocity.

Compressors COMPON, COMPCURY and COMPCAD can only be used in
conjunction with special NC blocks in software versions up to SW 6.1.

* Only NC blocks in which the feed is programmed (with F) in addition to the
axis motion, are compressed.

* Positions for the axes must be specified directly and cannot be programmed
via assignments.

* In the case of NC programs for 5-axis machines, the tool orientation must be
programmed by specifying rotary axis positions in order to activate the
compressor.

This means that you can only run 5-axis programs with the compressor if the
orientation is programmed directly from the rotary axis motion, independent of
the kinematics.

You can program the tool orientation independent of the kinematics by using
direction vectors.

NC programs with such direction vectors can be executed with compressors
COMPON, COMPCURYV and COMPCAD.

You will find a detailed description in Section 2.7.
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1.11 Compression of orientation (SW 6.3 and higher)

Notes

© Siemens AG, 2002. All rights reserved
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3-Axis to 5-Axis Transformation (F2)

2.1 5-axis transformation

Detailed Description

2.1 5-axis transformation
211 Kinematic transformation
Task of The task of orientation transformation is to compensate movements of the tool

orientation
transformation

Applications

nose, which result from changes in orientation, by appropriate compensating
movements of the geometry axes. The orientation movement is therefore
decoupled from the movement on the workpiece contour. The various machine
kinematics each require their own orientation transformation.

The “5-axis transformation” machining package is provided for machine tools
which have not only three linear axes X, Y and Z, but also two additional rotary
axes (rotation about the linear axes): This package thus allows an axially
symmetrical tool (milling cutter, laser beam) to be oriented in any desired
relation to the workpiece in every point of the machining space.

The workpiece is always programmed in the rectangular workpiece coordinate
system; any programmed or set frames rotate and shift this system in relation to
the basic system. The kinematic transformation then converts this information
into motion commands of the real machine axes.

The kinematic transformation requires information about the design (kinematics)
of the machine which are stored in machine data.

The kinematic transformation does not act on positioning axes.
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2.1 5-axis transformation

21.2 Machine types for 5-axis transformation

Kinematics of 5-axis machines are generally equipped with three linear and two rotary axes:
machines for the latter may be implemented as a two-axis swivel head, a two-axis rotary table
5-axis or as a combination of single-axis rotary table and swivel head. These types of
transformation machine are characterized by:

1. Three linear axes form a right-handed, Cartesian coordinate system.

2. Rotary axes are parallel to the traversing direction of one of the linear axes.

Example:

— Aparallel to X

— Bparallelto Y

— Cparallelto Z
3. Rotary axes are positioned vertically one above the other.
4. Rotary axes turn

— Tool with two-axis swivel head
(machine type 1)

— Workpiece with two-axis rotary table
(machine type 2)

— Tool and workpiece with single-axis rotary table and swivel head
(machine type 3)

5. The following applies to machine types 1 and 2:
— Rotary axis 1 is treated as the 4th machine axis of the transformation.
— Motion of 1st rotary axis changes the orientation of the 2nd rotary axis.
— Rotary axis 2 is treated as the 5th machine axis of the transformation.

— Motion of 2nd rotary axis does not change the orientation of the 1st
rotary axis.

6. The following applies to machine type 3:

— st rotary axis (4th machine axis of transformation) turns the tool.

— 2nd rotary axis (5th machine axis of transformation) turns the workpiece.
7. Basic tool position:

— In negative Z direction.

© Siemens AG, 2002. All rights reserved
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2.1 5-axis transformation

Swivel head, Swivel head, Swivel head
AZ rotatable rotatable fixed

around X axis around Y axis
@ and Z axis
C B
>
- Y

,,,, A@ N Totolttabllnle Tool t.’:lx)llale

X rotatable rotatable
around Z axis around X axis
and Z axis

Tool table fixed

Rotated tool Rotated tool
Rotated workpiece

Rotated workpiece

Machine type 1 with Machine type 3 with Machine type 2 with
axis sequence CA axis sequence BC axis sequence AC

Fig. 2-1 Machine types for 5-axis transformation
Machine type 1 Two-axis swivel head
Machine type 2 Two-axis rotary table
Machine type 3 Single-axis swivel head and Single-axis rotary table

Note

Transformations not fulfilling all the conditions specified here are described in
separate sections:

3-axis and 4-axis transformations under 2.2

Swiveling linear axis under 2.3

Universal milling head under 2.4.
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2.1 5-axis transformation

213 Configuration of a machine for 5-axis transformation

Machine type

Identification of

axis sequence

3/F2/2-18

To ensure that the 5-axis transformation can convert the programmed values to
axis motions, certain information about the mechanical design of the machine is
required; this information is stored in machine data:

* Machine type
* Axis assignment
® Geometry information

* Direction of rotation assignment.

The machine types have been designated above as types 1 to 3 and are stored
in machine data

$MC_TRAFO_TYPE_1 ... $SMC_TRAFO_TYPE_8
as a two-digit number.

Table 2-1 gives a list of machine types which are suitable for 5-axis
transformation.

Combinations that are not meaningful whose C axis corresponds to a rotation of
the tool about its longitudinal axis (symmetry axis) are marked by x.

Table 2-1 Overview of machine types which are suitable for 5-axis transformation
Machine type 1 2 3
Swivel/rotatable Tool Workpiece Tool/workpiece

Axis sequence

AB 16 32 48

AC X 33 49

BA 18 34 50

BC X 35 51

CA 20 X X

CB 21 X X

The axis sequence is identified in the following way:
* AB means: A is 4th axis, B is 5th axis of transformation

* For machine type 3, the swivel axis of the tool is the 4th axis of the
transformation and the rotary axis of the workpiece is the 5th axis of the
transformation.
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3-Axis to 5-Axis Transformation (F2)

Axis assighment

Geometry
information

2.1 5-axis transformation

The axis assignment at the input of the 5-axis transformation defines which axis
is imaged internally on a channel axis by the transformation. This assignment is
defined in MD: $MC_TRAFO_AXES_IN_1 ... SMC_TRAFO_AXES_IN_8.

Information concerning the machine geometry is required so that the 5-axis
transformation can calculate the axis values: This information is stored in the
machine data (in this case, for the first transformation in the channel):

MD: $SMC_TRAFO5_PART_OFFSET_1
Workpiece-oriented offset

* for machine type 1 (two-axis swivel head)
Vector from machine reference point to zero point of table (generally zero
vector)

e for machine type 2 (two-axis rotary table)
Vector from last joint of table to zero point of table

! Vector components from last joint

C) to zero point of table
C

\/

Fig. 2-2 Machine data $MC_TRAFO5_PART_OFFSET_1 for machine type 2

e for machine type 3 (single-axis swivel head and single-axis rotary table)
Vector from joint of rotary table to zero point of table.

MD: $SMC_TRAFO5_JOINT_OFFSET_1
Vector from the first to the second joint (machine type 1 and 2).
Vector from machine zero to joint of table (machine type 3).

MD: $MC_TRAFO5_ROT_AX_OFFSET _1
Angle offset of first or second rotary axis
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2.1 5-axis transformation

_<]>_ DIN symbol for rotary axis

Tool table zero

Machine zero

Fig. 2-3 Schematic diagram of CA kinematics, moved tool

mo Position vector in MCS

po $MC_TRAFO5_PART_OFFSET_n[0 ..2]
X Vector of programmed position in BCS

t Tool offset vector

to $MC_TRAFO5_BASE_TOOL_n[0 .. 2]

jo $MC_TRAFO5_JOINT_OFFSET_n[0 .. 2]
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2.1 5-axis transformation

<l> DIN symbol for rotary axis

Tool table zero

)

Machine zero

Fig. 2-4 Schematic diagram of CB kinematics, moved workpiece

<l> DIN symbol for rotary axis

A

Tool table zero

2 <

Machine zero

X J o

Fig. 2-5 Schematic diagram of AC kinematics, moved tool, moved workpiece

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/F2/2-21



3-Axis to 5-Axis Transformation (F2) 05.97
2.1 5-axis transformation

Direction of The sign interpretation setting for a rotary axis is stored in the sign machine
rotation data for 5-axis transformation.
assignment MD 24520: TRAFO5_ROT_SIGN_IS_PLUS_1[n] 1st rotary axis

MD 24620: TRAFO5_ROT_SIGN_IS_PLUS_2[n] 2nd rotary axis

Transformation Eight transformation types per channel can be configured in machine data

types TRAFO_TYPE_1 to 8. Of these eight types, only two may be 5-axis
transformations.

Activation Activation of the 5-axis transformations is described in Section 2.5.
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2.1 5-axis transformation

2.1.4 Tool orientation

Programming

Euler or RPY

Orientation
reference

B ' Tool axis

Fig. 2-6 Machining of workpieces with 5-axis transformation

The orientation of the tool can be programmed in an NC block directly by
specifying the rotary axes or indirectly by specifying the Euler/RPY angle and
the direction vector. The following options are available:

* Directly as rotary axes A, B, C

® [Indirectly for 5-axis transformation
specifying the Euler or RPY angle in degrees via A2, B2, C2

¢ |Indirectly for 5-axis transformation via direction vector A3, B3, C3.

The designators of Euler angles or directional vectors can be set in machine
data:

Euler angle via MD 10620: EULER_ANGLE_NAME_TAB
Direction vector via MD 10640: DIR_VECTOR_NAME_TAB

The tool orientation can be located in any block. Above all, it can be
programmed alone in a block, resulting in a change of orientation in relation to
the tool tip which is fixed in its relationship to the workpiece.

Via MD 21100: ORIENTATION_IS_EULER it is possible to switch between Euler
and RPY input.

A tool orientation at the start of a block can be transferred to the block end in
two different ways:

* In the workpiece coordinate system with command ORIWKS

* In the machine coordinate system with command ORIMKS.
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2.1 5-axis transformation

ORIWKS The tool orientation is programmed in the workpiece coordinate system and is
command thus not dependent on the machine kinematics.
In the case of a change in orientation of a tool tip at a fixed point in space, the
tool moves along a large arc on the plane stretching from the start vector to the

end vector.
ORIMKS The tool orientation is programmed in the machine coordinate system and is
command thus dependent on the machining kinematics.

In the case of a change in orientation of a tool tip at a fixed point in space, linear
interpolation takes place between the rotary axis positions.

The orientation is selected via NC language commands ORIWKS and ORIMKS.

Orientation 1

Machine the surface F1 along the edge of F2
Move clear
Change in orientation B: +90° A: —30°

Approach the surface F2
Machine the surface F2 along the edge of F1

©@EEEE

Fig. 2-7 Change in cutter orientation while machining inclined edges
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2.1 5-axis transformation

With ORIWKS
(large arc)

With ORIMKS (linear interpolation

®

between rotary axes)

\J

Fig. 2-8 Change in orientation while machining inclined edges

Improper tool
orientation

Basic setting is ORIMKS (SW 2 and higher).

The initial setting can be altered in MD 20150: GCODE_RESET_VALUES

MD 20150: GCODE_RESET_VALUES [24] =1 = ORIWKS is the initial setting
MD 20150: GCODE_RESET_VALUES [24] = 2 = ORIMKS is the initial setting

If the tool orientation is programmed in conjunction with the following functions

Go4
G33
G74
G75
REPOSL
REPOSQ
REPOSH

Dwell time

Thread cutting with constant lead
Approach reference point
Approach fixed point
Repositioning

Repositioning

Repositioning.

Then alarm 12130 “lllegal tool orientation” is output when Euler angles and
directional vectors are selected. The NC program stops (this alarm can also
occur in connection with G331, G332 and G63). To remedy this situation, the
tool orientation can be programmed with axis end values.

Alarm 17630 or 17620 is output for G74 and G75 if a transformation is active
and the axes are involved in the transformation. This applies irrespective of
orientation programming.
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2.1 5-axis transformation

Multiple
input of tool
orientation

Tool orientation
using orientation
vectors

3/F2/2-26

If the start and end vectors are inverse parallel when ORIWKS is active, then no
unique plane is defined for the orientation programming, resulting in the output
of alarm 14120.

If a transformation changeover (power ON, power Off or change of
transformation) is executed when tool radius compensation is active, alarm
14400 is output.

In the reverse situation, i.e. a tool radius compensation is selected or
deselected when a transformation is active, no alarm message is output.

According to DIN 66025, only one tool orientation may be programmed in a
block, e.g. with directional vectors:

N50 A3=1B3=1C3=1

If the tool orientation is input several times, e.g. with directional vectors and
Euler angles:

N60 A3=1B3=1C3=1 A2=0 B2=1 C2=3

then error message 12240 “Channel X Block Y tool orientation xx defined more
than once” is output and the NC parts program stops.

As of SW 5.3 polynomials can also be programmed for the modification of the
orientation vector.

This method produces an extremely smooth change in speed and acceleration
at the block changes for rotary axes when the tool orientation has to be
programmed over several blocks.

The interpolation of orientation vectors can be programmed with polynomials up
to the 5th degree. The polynomial interpolation of orientation vectors is
described in Subsection 2.9.1.

Note

Further explanations of tool orientation using orientation vectors and their han-
dling at machine tools are given in:

References: /FB/, W1 “Tool offset, orientable toolholder”
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2.1 5-axis transformation

215 Singular positions and handling

Extremely
high velocity

Behavior at pole

$MC_TRAFO5_NON _

POLE_LIMIT

$MC_TRAFO5_POLE
_LIMIT

If the path runs in close vicinity to a pole (singularity), one or several axes may
traverse at a very high velocity.

In this case, alarm 10910 “Excessive velocity of one axis” is output. The
programmed velocity is then reduced to a value which does not exceed the
maximum axis velocity.

Unwanted behavior of fast compensating movements can be controlled by
making an appropriate selection of the following machine data (see Fig. 2-9):

MD 24530 or MD24630: TRAFO5_NON_POLE_LIMIT_1 or 2
MD 24540 or MD 24640: TRAFO5_POLE_LIMIT_1 or 2

Note

Singularities are dealt with differently in SW 5.2 and higher: There is now only
one relevant machine data $MC_TRAFO5_POLE_LIMIT (see Subsection 2.6.7
or Programming Guide “Advanced” [PGA], Subsection 7.1.3).

This MD designates a limit angle for the fifth axis of the first (MD:

MD 24530: TRAFO5_NON_POLE_LIMIT_1 or the second

MD 24630: TRAFO5_NON_POLE_LIMIT_2 5-axis transformation with the
following characteristics:

If the path runs past the pole at an angle lower than the value set here, it
crosses through the pole.

With the 5-axis transformation, a coordinate system consisting of circles of
longitude and latitude is spanned over a spherical surface by the two orientation
axes of the tool.

If, as a result of orientation programming (i.e. the orientation vector is positioned
on one plane), the path passes so close to the pole that the angle is less than
the value defined in this MD, then a deviation from the specified interpolation is
made such that the interpolation passes through the pole.

This MD designates a limit angle for the fifth axis of the first

MD 24540: TRAFO5_POLE_LIMIT_1 or the second

MD 24640: TRAFO5_POLE_LIMIT_2 5-axis transformation with the following
characteristics:

With interpolation through the pole point, only the fifth axis moves; the fourth
axis remains in its start position. If a movement is programmed which does not
pass exactly through the pole point, but is to pass within the tolerance defined
by $MC_TRAFO5_NON_POLE_LIMIT in the vicinity of the pole, a deviation is
made from the specified path because the interpolation runs exactly through the
pole point. As a result, the position at the end point of the fourth axis (pole axis)
deviates from the programmed value.
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2.1 5-axis transformation

This machine data specifies the angle by which the pole axis may deviate from
the programmed value with a 5-axis transformation if a switchover is made from
the programmed interpolation to interpolation through the pole point. In the case
of a greater deviation, an error message is output and the interpolation is not
executed.

MD: $MC_TRAFO5_POLE_LIMIT_1

| J
N/ %

Interpolated |* | Programmed
path path

MD:
$MC_TRAFO5_NON_POLE_LIMIT_1

5. axis: RA 2

Fig. 2-9 5-axis transformation; orientation path in pole vicinity.
Example of machine type 1: 2-axis swivel head with
rotary axis RA 1 (4th axis of transformation) and
rotary axis RA 2 (5th axis of transformation)

MD 21108 Machine data MD 21108: POLE_ORI_MODE can be used to set the response
for large circle interpolation in pole position as follows:

Does not define the treatment of orientation changes during large circle
interpolation unless the starting orientation is equal to the pole orientation or
approximates to it and the end orientation of the block is outside the tolerance
circle defined in MD TRAFO5_NON_POLE_LIMIT_1/2.

The position of the polar axis is arbitrary in the polar position. For the large circle
interpolation, however, a specified orientation is required for this axis.

Machine data MD 21108: POLE_ORI_MODE is decimal coded.

The unit digits define the behavior if the start orientation precisely matches the
pole orientation and the

ten digits the behavior if the start orientation of the block is outside the
tolerance circle defined in MD TRAFO5_NON_POLE_LIMIT_1/2.

All setting values are described in the section entitled “Channel-specific
machine data”.
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2.2

Introduction

2.2 3-axis and 4-axis transformations

3-axis and 4-axis transformations

The 3-axis and 4-axis transformations are special types of the 5-axis
transformation described in Section 2.1. Orientation of the tool is possible only
in the plane perpendicular to the rotary axis. The transformation supports
machine types with movable tool and movable workpiece.

Kinematics The variants specified in the following table apply both for 3-axis and 4-axis
variants transformations.
Table 2-2 Variants of 3-axis and 4-axis transformations
Machine type Swiveling/rotary | Rotary axis is Orientation MD: Tool orientation
parallel plane $MC_TRAFO at zero position
_TYPE_n
1 Tool X Y-Z 16 Z
Y X-Z 18
Z X=-Y 20 Y
Z X=-Y 21 X
Any Any * 24 Any
2 Workpiece X Y-Z 32, 33 4
Y X-Z 34, 35
Any Any * 40 Any

Zero position

Axis assighments

Note: with reference to types 24 and 40 *

In the case of transformation types 24 and 40, the axis of rotation and the tool
orientation can be set such that the orientation change takes place at the
outside of a taper and not in a plane.

The tool orientation at zero position is the position of the tool with G17 as the
active working plane and position of the rotary axis at 0 degrees.

The three translatory axes included in the transformation are assigned to

any channel axes via the machine data
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[0..2] and
$MC_TRAFO_AXES_IN_n[0..2]. The following must apply for the assignment of
channel axes to geometry axes for the transformation:

$MC_TRAFO_GEOAX_ASSIGN_TAB_n[0] = $MC_TRAFO_AXES_IN_n[0]
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[1] = $MC_TRAFO_AXES_IN_n[1]
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[2] = $MC_TRAFO_AXES_IN_n[2]

The axes with corresponding index must be assigned to each other.
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2.2 3-axis and 4-axis transformations

Parameter
assighment

procedure * Enter the type of transformation according to Table 2-2 as machine data

$SMC_TRAFO_TYPE_n.

® Assign channel axes to the geometry axes of the transformation.

* For a 3-axis transformation, set the values for the axis which is not required:
— $MC_TRAFO_GEOAX_ASSIGN_TAB_n[geoax] =0

— $MC_TRAFO_AXES_IN_n[geoax] =0
$MC_TRAFO_AXES_IN_n[4] =0 ; there is no 2nd rotary axis

* For a 4-axis transformation, set the following for the 3 linear axes
— $MC_TRAFO_GEOAX_ASSIGN_TAB_n[geoax] = ...

— $MC_TRAFO_AXES_IN_n[geoax] = ...
$MC_TRAFO_AXES_IN_n[4] =0 ;there is no 2nd rotary axis.

Complete examples can be found in Section 6.2.

© Siemens AG, 2002. All rights reserved
3/F2/2-30 SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition



03.96
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2.3 Transformation with swiveled linear axis

2.3 Transformation with swiveled linear axis

Applications

Kinematics
variants

Pole

Parameter
assighments

You can use a transformation with swiveling linear axis if your application is
characterized by the kinematics described in Section 1.3 and only a small
swivel range (<< =+ 90 degrees) is crossed by the first rotary axis.

The orientation transformation with swiveled linear axis forms a transformation
group of its own. It is defined in the machine data SMC_TRAFO_TYPE_n (n =
1, 2, 3, 4) by the following values:

Transform. type  1strotary axis  2nd rotary axis Swiveled linear axis
64
65
66
67
68
69

OO0OwWwW> >
TW>>>O0>00
X <XN=<N

The corresponding transformation has a pole with a tool orientation parallel to
the second rotary axis. Singularity occurs in the pole position because the third
linear axis is parallel to the plane of the first two linear axes, excluding the
possibility of compensating movements perpendicular to this plane.

The following machine data with the following meanings are used to adjust the
transformation equations to the machine (n=1,2):

$MC_TRAFO5_PART_OFFSET_n Vector from the second
rotary axis to the workpiece
table zero

$MC_TRAFO5_ROT_AX_OFFSET_n Axis positions of the two

rotary axes at the initial posi-
tion of the machine

$MC_TRAFO5_ROT_SIGN_IS_PLUS_n Sign with which the rotary
axis positions are included in
the transformation

$MC_TRAFO5_JOINT_OFFSET_n Vector from the machine
zero to the second rotary
axis

$MC_TRAFO5_BASE_TOOL_n Vector from the toolholder

(flange) to the first rotary axis
(measured at machine initial
position)

$MC_TRAFO5_TOOL_ROT_AX_OFFSET_n | Vector from machine zero to
the first rotary axis (mea-
(from SW 3.2) sured at machine initial posi-
tion)
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2.3 Transformation with swiveled linear axis

Definition of
required values

3/F2/2-32

As an aid for defining the values for the above-mentioned machine data, the
following two sketches show the basic interrelations between the vectors.

View along X axis

Rotary axis that swivels the
3rd linear axis (Z)

Table zero *
po

Rotary axis of table

Machine zero
Y

View along Z axis

7 Y
- Rotary axis that swivels the 3rd linear axis (Z)
- - - - +
_ Workpiece zero on table *
0 / |

X

Machine zero + Rotary axis of table

Fig.2-10  Projections of the vectors to be set in MD

Meanings for the vector designations:

$MC_TRAFO5_PART_OFFSET_n po
$MC_TRAFO5_TOOL_ROT_AX_OFFSET_n |ro
$MC_TRAFO5_JOINT_OFFSET_n jo
$MC_TRAFO5_BASE_TOOL_n to

© Siemens AG, 2002. All rights reserved
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2.3 Transformation with swiveled linear axis

Note

For the schematic diagram shown in Fig. 2-10, it has been assumed that the
machine has been traversed so that the tool holding flange is in line with the
table zero (marked by *). If this cannot be implemented for geometric reasons,
the values for to must be corrected by the deviations.

Fig. 2-12 shows the vector components for the machine represented in Fig. 1-3
with their respective designations.

Note

A physically identical point on the 1st rotary axis (e.g. point of intersection be-
tween the tool axis and the 1st rotary axis) must be assumed for both views.

© Siemens AG, 2002. All rights reserved
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2.3 Transformation with swiveled linear axis

Swiveled linear

Xis

Rotary axis 1

L

Rotary axis 2

Machine zero

Fig. 2-11  Machine with swiveled linear axis in position zero

The following conversion of the geometry into the machine data to be specified
is based on the example in Fig. 2-11.
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2.3 Transformation with swiveled linear axis

View along X axis | Tool axis
Stator Table ]
Clamping fixture /@
to

— Rotary axis of table
po / y

) ) ) ] 4

ro|=ro,
jo

N -

e Swivel axis of

View along Z axis linear axis
Rotary axis
/ of table Y
= - + >
X

Fig. 2-12  Example of vector designations for MD settings for Fig. 2-11

Procedure Proceed as follows:

for setting MD — Determine the x and y components of the vectors indicated, as shown in

the lower section of Fig. 2-12 for vector jo.

— Determine the z fractions of the corresponding vectors, as shown in the
upper section for ro,.

— Set the 4 machine data correspondingly.
$MC_TRAFO5_PART_OFFSET_n
$MC_TRAFO5_TOOL_ROT_AX_OFFSET_n
$MC_TRAFO5_JOINT_OFFSET_n
$MC_TRAFO5_BASE_TOOL_n.

This procedure can be used for all kinematics specified under “Kinematics
variants”. Observe the notes on Fig. 2-10.

Zero components With certain geometries or machine zero positions, individual components or
complete vectors can become zero.
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2.3 Transformation with swiveled linear axis

Type of machine The machine shown in Fig. 2-11 corresponds to version 1. Therefore, type of
transformation 64 must be set in machine data $MC_TRAFO_TYPE_n
(4<NBS>least-significant bits in MD).

Activation The transformation for a swiveled linear axis is activated in the same way as the
5-axis transformations. Details are described in Section 2.5.

Tool With regard to tool orientation, the same applies as described in Subsection
orientation 2.1.4.
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2.4 Universal milling head

24 Universal milling head

241 Fundamentals of universal milling head

Note

The following description of the universal milling head transformation has been
formulated on the assumption that the reader has already read and understood
the general 5-axis transformation described in Section 2.1. Please note that
where no specific statements relating to the universal milling head are made in
the following section, the statements relating to the general 5-axis transforma-

tion apply.

Applications A universal milling head is used for machining contours of sculptured parts at
high feedrates. An excellent degree of machining accuracy is achieved thanks
to the rigidity of the head.

A’ axis

C axis
Tool axis
Fig.2-13  Universal milling head
© Siemens AG, 2002. All rights reserved
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2.4 Universal milling head

Configuring the
nutator angle ¢

Tool
orientation

Types of

kinematics

Naming scheme
for axes

Angle definition

3/F2/2-38

The angle of the inclined axis can be configured in a machine data:

$MC_TRAFO5_NUTATOR_AX_ANGLE_1 For the first orientation trans-
formation

$MC_TRAFO5_NUTATOR_AX_ANGLE_2 For the second orientation
transformation

The angle must lie within the range of 0 degrees to +89 degrees.

Tool orientation at zero position can be specified as follows:
— Parallel to the first rotary axis or

— perpendicular to it, and in the plane of the specified axis sequence

The axis sequence of the rotary axes and the orientation direction of the tool at
zero position are set for the different types of kinematics by means of machine
data $MC_TRAFO_TYPE_1 ... $SMC_TRAFO_TYPE_8.

As is the case for the other 5-axis transformations, the following applies:
The rotary axis ...

Ais parallel to X A is below the angle ¢ to the X axis
B is parallel to Y B’ is below the angle ¢ to the Y axis
C is parallel to Z C’ is below the angle ¢ to the Z axis

Fig. 2-14  Position of axis A’

Axis A is positioned in the plane spanned by the rectangular axes of the
designated axis sequence. If, for example, the axis sequence is CA, then axis
A is positioned in plane Z-X. The angle ¢ is then the angle between axis A’ and
the X axis.
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SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition



12.98

3-Axis to 5-Axis Transformation (F2)

2.4.2 Parameterization

Setting the type of
transformation

2.4 Universal milling head

The following table gives the data required in order to set machine data
$SMC_TRAFO_TYP_n appropriately for any given machine kinematics (general

concept).
Table 2-3 MD $MC_TRAFO_TYPE_n
Bit Decimal Description
8 128 Bit to identify transformation type:
1: Transformation for universal milling head
7 0 00: Moving tool
6 32 01: Moving workpiece
64 10: Moving tool and workpiece
5 Orientation of tool in position zero
4 0 00: X direction
8 01: Y direction
16 10: Z direction
3 Axis sequence
2 0 000: AB’
1 1 001: AC’
2 010: BA’
3 011: BC’
4 100: CA
5 101: CB’

Among the full range of options specified in the general concept above, the
settings highlighted in gray in the following table are implemented in software
version 3.1, the others in software version 3.2 and higher.

Table 2-4 Implemented combinations; the table below gives the values for SMC_TRAFO_TYPE_n for the configur-
able axis sequences and for the orientation direction of the tool in position zero, showing separate data
for moving tool, moving workpiece and moving tool and workpiece. The transformation does not support
any table elements which do not contain a preset value.

Direction of orientation of tool in position zero

Tool Workpiece Tool / Workpiece
Axis X Y z X Y z X Y z
sequence
AB’ 128 136
AC 129 145
BA’ 130 138
BC’ 139 147
CA 132 148
cp’ 141 149
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2.4 Universal milling head

Example of
transformation

type

Active machining
plane

Other settings

$MC_TRAFO_TYPE = 148 means for example:

The 1st rotary axis is parallel to the Z axis, the 2nd rotary axis is an inclined
X axis and the tool orientation in position zero is pointing towards Z. Only the
tool is moved by the two rotary axes

Bit8 =1 Universal milling head

Bits 6 and 7 = 00 Moving tool

Bits 5and 4 =10 Orientation in position zero Z direction

Bit 3—-1 =100 Axis sequence CA

Since the tool orientation in position zero can be set in directions other than just
the Z direction, the user must ensure that he sets the active machining level
such that the tool length compensation takes effect in the tool orientation
direction. The active machining plane should always be the plane according to
which the tool orientation is set in position zero.

The geometry information used by the universal milling head transformation for
calculation of the axis values is set analogously to that of the other 5-axis
transformations.

243 Traversal of universal milling head in JOG mode

JOG

Activation of
universal milling
head

3/F2/2-40

The linear axes can be traversed normally in JOG mode. It is, however, difficult
to set the orientation correctly by traversing these axes.

The transformation for universal milling head in the program is activated as
described in the following Section 2.5.
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2.5 Call and application of the 3-axis to 5-axis transformation

2.5 Call and application of the 3-axis to 5-axis
transformation

Switching on

Switching off

Switching over

RESET/
end of program

Option

The 3-axis to 5-axis transformations (including the transformations for swiveled
linear axis and universal milling head) are switched on with the command
TRAORI(n), with n representing the number of the transformation (n=1 or 2).

Once execution of the command TRAORI(n) is completed and the
transformation thus activated, the IS “Transformation active” (DB21-30,
DBX33.6) switches to “1”.

If the machine data for a called transformation group have not been defined, the
NC program stops and the control outputs the alarm 14100 “Orientation
transformation not available”.

The currently active 3-axis to 5-axis transformation is switched off with
TRAFOOF or TRAFOOF(). The IS “Transformation active” (DB21-30, DBX33.6)
switches to “0”.

You can switch from one active transformation to another transformation
configured in the same channel. To do this you must again input the command
TRAORI(n) with a new value for n.

The behavior of the control with regard to 3-axis/5-axis transformations after
power up, end of program or RESET depends on the

MD 20110 RESET_MODE_MASK

Bit 7: Reset behavior of “Active kinematic transformation”

Bit 7=0: Initial setting for active transformation after end of parts program
or RESET according to MD 20140: TRAFO_RESET_VALUE
is defined with the following meaning:
0: No transformation is active after RESET
1t0 8: The transformation preset in MD
24100: TRAFO_TYPE_1 to MD 24460: TRAFO_TYPE_8 is active.

Bit 7=1: The current setting for the active transformation remains unchanged
after a RESET or end of parts program.

The “5-axis transformation” and its special types described in this Description of
Functions are available only in the form of an option. If this option is not
implemented in the control and a transformation is called with the command
TRAORLI, the error message 14780 “Block uses a function that has not been
enabled” appears and the NC program stops.

If 3-axis to 5-axis transformation is not specified in machine data

MD 24100: TRAFO_TYPE_1 ... MD 24460: TRAFO_TYPE_8, programming the
TRAORI (1 or 2) command triggers alarm 14100 “Channel x block y orientation
transformation not available”.

If the MD: $MC_TRAFO_TYPE_n is set without the 5-axis transformation option
being enabled there is no alarm.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

2.6 Generic 5-axis transformation (SW 5.2 and higher)

2.6.1 Functionality

Scope of functions

Field of
application

Activation

The scope of functions provided by the generic 5-axis transformation package
covers the 5-axis transformation implemented in SW 5.1 and lower (see Section
2.1) for perpendicular rotary axes and the transformations for the universal
milling head (one rotary axis parallel to a linear axis, the second rotary axis at
any angle to it, see Section 2.4).

In certain cases, it is not possible to compensate the conventional
transformation accuracy, e.g. when

— the rotary axes are not exactly mutually perpendicular,

— one of the two rotary axes are not positioned exactly parallel to the linear
axes.

In such cases, the generic 5-axis transformation can produce better results.

A programming example
for the generic 5-axis transformation is described in Section 6.6.

A generic 5-axis transformation can also be activated like any other orientation
transformation using the TRAORI() or TRAORI(n) command (where n is the
number of the transformation). Furthermore, the basic transformation can be
transferred in the call in three other parameters, e.g. TRAORI(1, 1.1, 1.5, 8.9).

The transformation can be deselected implicitly by selecting another
transformation or explicitly with TRAFOOF.

2.6.2 Description of machine kinematics

Machine types

As with the existing 5-axis transformations, there are three different variants of
generic 5-axis transformation:

1. Machine type: Rotatable tool
Both rotary axes change the orientation of the tool.
The orientation of the workpiece is fixed.

2. Machine type: Rotatable tool
Both rotary axes change the orientation of the workpiece.
The orientation of the tool is fixed.

3. Machine type: Rotatable tool and rotatable workpiece
One rotary axis changes the tool orientation and the other the workpiece
orientation.

© Siemens AG, 2002. All rights reserved
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Configurations

Rotary axis
direction

2.6 Generic 5-axis transformation (SW 5.2 and higher)

The machine configurations are defined as in earlier versions (see Subsection
2.1.3) in machine data $MC_TRAFO_TYPE_1, ..., _8. Additional types have
been introduced for the generic 5-axis transformation:

Table 2-5 Overview of machine types for generic 5-axis transformation
Machine type 1 2 3
Swivel/rotatable Tool Workpiece Tool/workpiece
24 40 56

The direction of the rotary axes is defined by machine data
$MC_TRAFO5_AXIS1_n (1st rotary axis) and $MC_TRAFO5_AXIS2_n (2nd
rotary axis). In this case, n is 1 or 2 for the first or second 5-axis transformation
in the system. The machine data specified above are arrays with three values
which can describe that axis direction (analogous to description of rotary axes
for orientatable toolholder. The absolute value of the vectors is insignificant; only
the defined direction is relevant.

Example:

1. Rotary axis is the A axis (parallel to x direction):
$MC_TRAFO5_AXIS1_1[0]=1.0
$MC_TRAFO5_AXIS1_1[1]=0.0
$MC_TRAFO5_AXIS1_1[2] = 0.0

2. Rotary axis is the B axis (parallel to y direction):
$MC_TRAFO5_AXIS2_1[0] = 0.0
$MC_TRAFO5_AXIS2_1[1]=1.0
$MC_TRAFO5_AXIS2_1[2] = 0.0

2.6.3 Generic orientation transformation variants (SW 6.1 and higher)

Extension

Variant 1

Variant 2

The generic orientation transformation for 5-axis transformation has been
extended with the following variants for 3-and 4-axis transformation:

4-axis transformations

A 4-axis transformation is characterized by the exclusive use of the first rotary
axis as an entry axis of the transformation. The following equation applies:

$MC_TRAFO_AXES_IN_1[4] = 0 or
$MC_TRAFO_AXES_IN_2[4] = 0

3-axis transformations

In a 3-axis transformation one of the geometry axes is missing in addition. This
is achieved by entering a zero in the field:

$MC_TRAFO_GEOAX_ASSIGN_TAB_1[n] or
$MC_TRAFO_GEOAX_ASSIGN_TAB_2[n]
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

Transformation
types

Effects on
orientations

Differences

3/F2/2-44

Both variants of the generic 3-or 4-axis transformation are described by the
following transformation types:

® 3-or 4-axis transformation with rotatable tool
$MC_TRAFO_TYPE_n =24

® 3-or 4-axis transformation with rotatable workpiece
$MC_TRAFO_TYPE_n =40

In conventional 3-or 4-axis transformations, the transformation type also defined
the basic tool orientation, in addition to the position of the rotary axis. The
orientation could then no longer be adjusted.

The generic 3-or 4-axis transformation has the following effect on the various
orientations:

The resulting tool orientation is defined according to the hierarchy specified for
the generic 5-axis transformation.

Priority:

High Programmed orientation,
Medium Tool orientation and

Low Basic orientation

Allowance is made, in particular, for the following orientations:
* Any programmed tool orientation

* A basic tool orientation modified by orientable toolholders.

Note

Please refer to the following documentation for further information on program-
mable tool orientation and basic tool orientation:

References: /FB/, W1, “Tool Compensation” Orientable Toolholders
/PG/, “Programming Guide Fundamentals”, Chapter 8

Please note the following differences as distinct from the existing 3-and 4-axis
transformations described in Section 2.2:

Description SW 6.1 and higher
Position of the rotary 1. Any position possible.
axis 2. Does not have to be parallel to a linear axis.
Direction of the rotary 3. Must be defined with $SMC_TRAFO5_AXIS1_1[n] or
axis $MC_TRAFO5_AXIS1_2[n].

Basic tool orientation 4. Must be defined with SMC_TRAFO5_BASE_ORIENT_1[n]
or SMC_TRAFO5_BASE_ORIENT_2[n].

Selection of a generic 5. An optional tool orientation can be transferred
3/4-axis transformation as in the case of a generic 5-axis transformation.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

264 Online tool length offset (SW 6.4 and higher)

Functionality The effective tool lengths can be changed in real time so that these changes in
length are also considered for orientation changes in the tool. System variable
$AA_TOFF[ ] applies the tool length offsets in 3-D according to the three tool
directions.

None of the tool parameters is changed. The actual compensation is performed
internally by means of transformations using an orientable tool length offset.

The geometry identifiers are used as index. The number of active offset
directions must be the same as the number of active geometry axes. All offsets
can be active at the same time.

Application The online tool length offset function can be used for:
* Orientation transformations (TRAORI )

* Orientable tool carriers (TCARR ).

Note

The online tool length compensation is optional and must be enabled before-
hand. This function is only practical in conjunction with an active orientation
transformation or an active orientable toolholder.

References /FB/, W1, “Tool Compensation” Orientable Toolholders

Block preparation In the case of block preparation in run-in, the tool length offset currently active in
the main run is considered. In order to utilize the maximum permissible axis
velocities as far as possible, it is necessary to halt the block preparation with a
stop preprocessing command (STOPRE) while a tool offset is being generated.

The tool offset is always known at the time of run-in when the tool length offsets
are not changed after program start or if more blocks have been processed
after changing the tool length offsets than the IPO buffer can accommodate
between run-in and main run. This ensures that the axis velocities are quickly
considered correctly.

The dimension for the difference between the currently active offset in the
interpolator and the offset that was active at the time of block preparation can be
polled in the system variable $AA_TOFF_PREP_DIFF[ ].

Note

The change of the effective tool length through the online tool length offset pro-
duces changes in the compensatory movements of the transformation of the
axes involved. The resulting velocities can be higher or lower depending on the
machine kinematics and the current axis position.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

MD 21190:
TOFF_MODE

Activation

Resetting

3/F2/2-46

Machine data MD 21190: TOFF_MODE can be used to set whether the
contents of the synhronization variable $AA_TOFF[ ] is to be approached as an
absolute value or whether an integrating behavior is to take place. The
integrating behavior of $AA_TOFF[ ] allows a 3D distance control. The
integrated value is available via the system variable $AA_TOFF_VAL[ ].

The following machine data and setting data are available for configuring the
online tool length offset:

Machine data / setting data Meaning for online tool length offset

MD 21190: TOFF_MODE The contents of SAA_TOFF[ ] are traversed as an
absolute value or integrated

MD 21194: TOFF_VELO Velocity of online tool length offset

MD 21194: TOFF_ACCEL Acceleration of online tool length offset

SD 42970: TOFF_LIMIT Upper limit of tool length offset value

When planning the velocity, 20% is reserved for the online tool length offset,
which can be changed via machine data MD 20610:
ADD_MOVE_ACCEL_RESERVE.

The TOFFON statement can be used to activate the online tool length
compensation from the parts program for at least one tool direction if the option
is available. When activated, an offset value can be specified for the
corresponding offset direction and applied immediately.

Example: TOFFON(Z, 25).

Repeated programming of the statement TOFFON( ) with an offset causes the
new offset to be applied. The offset value is added to variables $AA_TOFF[ ] as
an absolute value.

Note

For more information and programming examples, please refer to:
References: /PGA/, Chapter 7 “Transformations”

As long as the online tool length offset is active, the VDI signal of the interface
NCK —PLC IS “TOFF active” (DB21, ... DBX318.2) is set to 1.

During an offset motion, the VDI —signal IS “TOFF motion active” (DB21, ...
DBX318.3) is set to 1.

The offset values can be reset with the command TOFFOF( ). This statement
triggers a stop preprocessing.

The tool length offsets set up are cleared and incorporated in the basic
coordinate system. The run-in synchronizes with the current position in main
run. Since no axes can be traversed here, the values of $AA_IM[ ] do not
change. Only the values of the variables $AA_IW[ ] and $AA_IB[ ] are changed.
These variables now contain the deselected share of the tool length offset.

After deselection of the “Online tool length offset” for a tool direction, the value
of system variable $AA_TOFF[ ] or $AA_TOFF_VAL] ] is zero for this tool
direction.

The IS “TOFF active” (DB21, ... DBX318.2) is set to 0.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)
Alarm 21670 An existing tool length offset must be deleted via TOFFOF( ) so that Alarm

Mode change

Behavior with REF
and block search

System variable

Boundary
conditions

21670 “Channel %1 block %2, impermissible change of tool direction active due
to $AA_TOFF active” is suppressed:

* When the transformation is deactivated with TRAFOOF
* |f you switchover from CP to PTP travel

* |f atool length offset exists in the direction of the geometry axis during
geometry replacement

* |f atool length offset is present during change of plane

¢ When changing from axis/specific manual traversing in JOG mode to PTP
as long as the tool length offset is active. There is no switchover to PTP.

The tool length compensation remains active even if the mode is changed and
can be executed in any mode.

If a tool length offset is interpolated on account of $AA_TOFF[ ] during mode
change, the mode change cannot take place until the interpolation of the tool
length offset has been completed. Alarm 16907 “Channel %1 Action %2
<ALNX> possible only in Stop state” is issused.

The tool length offset is not considered during reference point approach REF in
JOG mode.

The statements TOFFON( ) and TOFFOF( ) are not collected and output in an
action block during block search.

In the case of online tool length offset, the following system variables are
available to the user:

System variables Meaning for online tool length offset

$AA_TOFF[ ] Position offset in the tool coordinate system

$AA_TOFF_VAL[] Integrated position offset in the WCS

$AA_TOFF_LIMIT[ ] Query whether the tool length offset is close to the
limit

$AA_TOFF_PREP_DIFF[ ] Size of the difference between the currently active
value of $AA_TOFF[ ] and the value prepared as the
current motion block.

References: /PGA/, Programming Guide Production Planning,
List of system variables”

The online tool length offset function is an option and is available during
“generic 5-axis transformation” per default and for “Orientable tool carriers”.

If the tool is not vertical to the workpiece surface during machining, or the
contour contains curvatures whose radius is smaller than the offset dimension,
deviations compared to the actual offset surface are produced. It s not possible
to produce exact offset surfaces with one tool length offset alone.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

2.6.5 Orientation

Differences
compared to
SW 5.1

Definition

Via the
transformation call

3/F2/2-48

In the 5-axis transformations implemented to date, the basic orientation of the
tool was defined by the type of transformation.

By means of the generic 5-axis transformation it is possible to enable any basic
tool orientation, i.e. the space orientation of the tool is arbitrary with axes in
basic positions.

If an orientation is programmed by means of Eulerian angles, RPY angles (A2,
B2, C2) or vectors (A3, B3, C3), the basic orientation is taken into consideration,
i.e. the rotary axes are positioned in such a way that a tool positioned in basic
orientation is traversed into the programmed orientation.

If the rotary axes are programmed directly, the basic orientation has no effect.

A basic orientation can be defined by one of the following three methods:
1. Via the transformation call
2. Via the orientation of the active tool

3. Via a machine data.

Re 1.

When the transformation is called, the directional vector of the basic orientation
can be specified in the call, e.g. TRAORI(0, 0., 1., 5.). The directional vector is
defined by parameters 2 to 4; the vector in the example therefore has the value
(0., 1.,5.).

The first parameter specifies the transformation number. If the first
transformation must be activated, the number can be omitted; when an
orientation is specified in the call, however, the uniqueness of the parameters
must be assured by inserting a blank space for the transformation number, e.g.
TRAORI(, 0., 1., 5.).

The absolute value of the vector is insignificant; only the direction is relevant.
Unprogrammed vector elements can be set to zero.

Note

The orientation data is absolute; it will not be modified by any active frame.

Please note that if all three vector components are zero (because they have
been set explicitly so or not specified at all), the basic orientation is not defined
by data in the TRAORI(...) call, but by one of the methods described below.

If a basic orientation is defined by the above method, it cannot be altered while
a transformation is active. The orientation can be changed only by selecting the
transformation again.
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

Via the orientation Re 2.
of the active tool The basic orientation is determined by the tool

* if it has not been defined through specification of a directional vector in the
transformation call

* and if a tool is already active.

The orientation of a tool is dependent on the selected plane. The plane is
parallel to Z with G17, parallel to Y with G18 and parallel to X with G19. It can
be modified in any way by orientatable toolholders (see SINUMERIK
840D/810D/FM-NC Description of Functions, Basic Machine [Part1] Description
of Functions).

If the tool is changed when a transformation is active, the basic orientation is
also updated. The same applies if the orientation of a tool changes as the result
of a change in plane (plane changes are equivalent to tool changes, as they
also alter the assignment between tool length components and individual axes).

If the tool is deselected, thereby canceling the definition of a tool orientation, the
basic orientation programmed in machine data becomes operative.

Via a machine data With reference to 3.:
If the basic orientation is not defined by either of the two variants described
above, it is specified with reference to machine data
$MC_TRAFO5_BASE_ORIENT_n. This machine data must not be set to a zero
vector or else an alarm will be generated during control runup when a
transformation is active.

If a basic orientation is programmed in machine data
$MC_TRAFO5_BASE_ORIENT_n when a transformation is active and a tool is
subsequently activated, the basic orientation is re-defined by the tool.

Note

The range of settable orientations depends on the directions of the rotary axes
involved and the basic orientation. The rotary axes must be mutually perpen-
dicular if all possible orientations are to be used. If this condition is not fulfilled,
so-called “dead” ranges occur.

Examples:

1. Extreme example: A machine with rotatable tool has a C axis as its first
rotary axis and an A axis as its second. If the basic orientation is defined in
parallel to the A axis, the orientation can only be changed in the X-Y plane
(when the C axis is rotating), i.e. an orientation with a Z component unequal
to zero is not possible in this instance. The orientation does not change
when the A axis rotates.

2. Realistic example: A machine with nutator kinematics (universal head) with
an axis inclined at less than 450 in a basic orientation parallel to the Z axis
can only assume orientations within a semi-circle: The top semi-circle with
basic orientation towards +Z and the bottom with basic orientation
towards —Z.

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/F2/2-49



3-Axis to 5-Axis Transformation (F2) 06.01

2.6 Generic 5-axis transformation (SW 5.2 and higher)

2.6.6 Orientation movements with axis limits (SW 6.1 and higher)

Calculating the
rotary axis
position

Determining the
permissible axis
limits

Change-over to
axis interpolation

Example

3/F2/2-50

If the final orientation in a 5-axis transformation is programmed indirectly in an
NC block by means of a Euler, RPY angle or direction vector, it is necessary to
calculate the rotary axis positions that produce the desired orientation. This
calculation has no definite result.

There are always at least two very different solutions. In addition, any number of
solutions can result from a modification to the rotary axis positions by any
multiple of 360 degrees.

The control chooses the solution which represents the shortest distance from
the current starting point allowing for the programmed interpolation type.

The control attempts to define another permissible solution if the axis limits are

violated by approaching the desired axis position across the shortest path. The

second solution is then verified, and, if this solution also violates the axis limits,

the axis positions for both solutions are modified by multiples of 360 until a valid
position is found.

The following conditions must be met in order to monitor the axis limits of a
rotary axis and modify the calculated end positions:

* A generic 5-axis transformation of type 24, 40 or 56 must be active.
* The axis must be referenced.
* The axis must not be a modulo rotary axis.

®* Machine data MD 21180: ROT_AX_SWL_CHECK_MODE must be not
equal to zero.

Machine data MD 21180: ROT_AX_SWL_CHECK_MODE specifies when the
modification of the rotary axis positions is allowed:

Value 0: No modification is allowed
(default, equivalent to the previous behavior).

Value 1: Modification is only allowed if axis interpolation is active
(ORIAXES or ORIMKS).

Value 2: Modification is always allowed, even if vector interpolation
(large circle interpolation, conical interpolation, etc.) was
originally active.

If the axis positions have to be changed from the originally determined value,
the system switches to rotary axis interpolation because the original
interpolation path, e.g. large circle interpolation or conical interpolation, can no
longer be maintained.

An example is shown in Section 6.6 for modifying the rotary axis motion of a
5-axis machine with a rotatable tool.
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3-Axis to 5-Axis Transformation (F2)

2.6 Generic 5-axis transformation (SW 5.2 and higher)

2.6.7 Singularities of orientation

Description of
problem

Example for
machine type 1

As described in Subsection 2.1.5 for SW 5.2 and lower, singularities (poles) are
constellations in which the tool is orientated in parallel to the first rotary axis. If
the orientation is changed when the tool is in or close to a singularity (as is the
case with large-circle interpolation ORIWKS), the rotary axis positions must
change by large amounts to achieve small changes in orientation. In extreme
cases, a jump in the rotary axis position would be needed.

This type of situation is handled in the following way:
Only one machine data is relevant

MD 24540: TRAFO5_POLE_LIMIT_1 or

MD 24640: TRAFO5_POLE_LIMIT_2,

describing a circle around the pole (as before).

For further information on how singularities are handled, please refer to:
References: /PGA/, “Programming Guide Advanced” Subsection 7.1.3

Rotatable tool
Both rotary axes modify the tool orientation.
The orientation of the workpiece is fixed.

2-axis inclinable head with
rotary axis RA 1 (4th axis of transformation) and
rotary axis RA 2 (5th axis of transformation).

Tolerance Constant positions
Pole / circle of 2nd rotary axis
Starting point .
Programmed
K\ . . end point
>~
~ A .
Path ~ '
SN
, * Reached
end point
L] \
Constant
positions of
1st rotary axis

Fig.2-15  Generic 5-axis transformation; end point of orientation inside
tolerance circle
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2.6 Generic 5-axis transformation (SW 5.2 and higher)

End point within
the circle

End point outside
the circle

3/F2/2-52

If the end point is within the circle, the first axis comes to a standstill and the
second axis moves until the difference between the target and actual orientation
is minimal. However, since the first rotary axis does not move, the orientation
will generally deviate from the programmed value (see Fig. 2-15). However, the
programmed orientation can at least be reached exactly if the first rotary axis
happens to be positioned correctly.

Note

In Fig. 2-15 the resulting path is a straight line because the position of the first
rotary axis is constant on that path. This representation is always correct, irre-
spective of the angle between the two rotary axes. The orientation vector only
moves in a plane, however, if the two rotary axes and the basic orientation are
all mutually perpendicular. In all other cases, the orientation vector describes
the lateral area of a cone.

If the orientation interpolation describes a path through the circle while the end
point is outside the circle, the end point is approached with axis interpolation.
This applies in particular if the interpolation starting point is located inside the
circle. Path deviations from the programmed setpoint orientation are thus
unavoidable.
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2.7 Compression of orientation (SW 6.3 and higher)

2.7 Compression of orientation (SW 6.3 and higher)

Introduction

Extended function

Requirements

Previous function

Function SW 6.3
and higher

Programming
options

Up to SW 6.2, the use of the compressors was subject to restrictions with
reference to the orientation. Some of these restrictions have been overcome by
the options described below.

Compressors COMPON, COMPCURY and COMPCAD have been extended
such that NC programs containing orientations programmed by means of
direction vectors can also be compressed to a definable tolerance.

The “compressor for orientation” function is only implemented if the orientation
transformation option is available.

The compressor is only active for linear blocks (G1). The compression
procedure is interrupted by any other NC instruction, such as an auxiliary
function output, but not by parameter calculations. The blocks to be
compressed can only contain the following elements:

— Block number
- G1

— Axis addresses
— Feedrate

— Comment

N..G1 X..Y..Z. A.B..F. ; comment

The position values do not have to be programmed directly, but can be specified
via parameter assignments. The general format is:

N... G1 X=<...> Y=<...> Z=<...> A=<...> B=<...> F=<...> ; comment

<...>can contain any parameter expression, e.g. X=R1*(R2+R3).

The tool orientation can be programmed in the following (kinematic-
independent) ways for 5-axis machines if an orientation transformation
(TRAORI) is active:

1. Programming of the direction vector:
A3=<...> B3=<...> C3=<...>

2. Programming of the Euler angle or RPY angle:
A2=<...> B2=<...> C2=<...>
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2.7 Compression of orientation (SW 6.3 and higher)

Large circle inter-
polation

Rotation of the
tool

Accuracy

Axis accuracy

3/F2/2-54

The orientation motion is only compressed if large circle interpolation is active,
i.e. change in tool orientation takes place in the plane defined by the start and
end orientation.

Large circle interpolation is performed under the following conditions:

1. For MD 21104: ORI_IPO_WITH_G_CODE = 0 if ORIWKS is active and the
orientation is programmed as a vector (with A3, B3, C3 or A2, B2, C2).

2. For MD 21104: ORI_IPO_WITH_G_CODE = 1 if ORIVECT or ORIPLANE is
active.
The tool orientation can be programmed either as a direction vector or with
rotary axis positions. If either of the G codes ORICONxx or ORICURVE is
active or polynomials are programmed for the orientation angle (PO[PHI]
and PO[PSI]) large circle interpolation does not take place.

On 6-axis machines, the rotation of the tool can be programmed in addition to
the tool orientation.

The angle of rotation is programmed with the THETA identifier. (THETA=<...>).
NC blocks which also contain a rotation can only be compressed if the angle of
rotation changes in linear fashion. In other words, PO[THT]=(...) may not be
used to program a polynomial for the angle of rotation.

The general format of an NC block which can be compressed is:
N... X=<...> Y=<...> Z=<...> A3=<...> B3=<...> C3=<...> THETA=<...> F=<...>

or
N... X=<...>Y=<...> Z=<...> A2=<...> B2=<...> C2=<...> THETA=<...> F=<...>

However, if the tool orientation is specified by rotary axis positions, e.g. in the
following format:

N... X=<...> Y=<...> Z=<...> A=<...> B=<...> THETA=<...> F=<...>

the compression is performed in two different ways, depending on whether or
not large circle interpolation is performed. If no rotary axis interpolation takes

place, the compressed orientation change is represented in the usual way by
axial polynomials for the rotary axes.

NC blocks can only be compressed if deviations are allowed between the
programmed contour and interpolated contour or between the programmed
orientation and interpolated orientation.

Compressor tolerances can be used to set the maximum permissible deviation.
The higher the tolerances, the more blocks can be compressed. However, the
higher the tolerances, the more the interpolated contour or orientation can
deviate from the programmed values.

The compressor generates a spline curve for each axis. The maximum
deviation of the spline curve from the programmed end points of each axis is
defined by the value set in MD 33100: COMPRESS_POS_TOL.
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Contour accuracy

Using the setting
data

Activation

Example

2.7 Compression of orientation (SW 6.3 and higher)

The maximum deviations are not defined separately for each axis. Instead, the
maximum geometric deviation of the contour (geometry axes) and of the tool
orientation are checked.

This is performed using the following setting data:

1. SD 42475: COMPRESS_CONTUR_TOL: maximum tolerance for the
contour.

2. SD 42476: COMPRESS_ORI_TOL: maximum angular displacement for the
tool orientation.

3. SD 42477: COMPRESS_ORI_ROT_TOL: maximum angular displacement
for the angle of rotation of the tool (only available for 6-axis machines).

MD 20482: COMPRESSOR_MODE can be used to set a particular type of
tolerance specification:

Value 0: axial tolerances with MD 33100: COMPRESS_POS_TOL
for all axes (geometry axes and orientation axes).

Value 1: contour tolerance is specified by
SD 42475: COMPRESS_CONTUR_TOL, tolerance for the
orientation is specified by axial tolerances
with MD 33100: COMPRESS_POS_TOL.

Value 2: the maximum angular displacement for the tool orientation
is specified by SD 42476: COMPRESS_ORI_TOL,
tolerance for the orientation is specified by axial tolerances
with MD 33100: COMPRESS_POS_TOL.

Value 3: contour tolerance is specified by SD 42475:
COMPRESS_CONTUR_TOL and the maximum
angular displacement for the tool orientation is specified
by SD 42476: COMPRESS_ORI_TOL.

It is only possible to specify a maximum angular displacement for the tool
orientation if an orientation transformation (TRAORI) is active.

The orientation compressor is activated by one of the G codes COMPON,
COMPCURYV and COMPCAD.

Programming example
For the compression of a circle approximated by a polygon definition, please
see Section 6.7.
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2.8 Orientation axes (SW 5.3 and higher)

2.8 Orientation axes (SW 5.3 and higher)

Direction

Order of rotations

Direction of the
tool vector

Assighment to
channel axes

Example

3/F2/2-56

The directions in which axes are rotated are defined by the axes of the
reference system. In turn, the reference system is defined by commands
ORIMKS and ORIWKS:

— ORIMKS: Reference system = basic coordinate system

— ORIWKS: Reference system = workpiece coordinate system

The order of rotation of the orientation axes is defined by
MD<NBS>21120: ORIAX_TURN_TAB_1[0..2].

1. First rotation around the rotated axis of the reference system specified in
MD<NBS>21120: ORIAX_TURN_TAB_1[0]

2. Second rotation around the rotated axis of the reference system specified in
MD 21120:0RIAX_TURN_TAB_1[1]

3. Third rotation around the rotated axis of the reference system specified in
MD 21120: ORIAX_TURN_TAB_1[2]

The direction of the tool vector in the basic machine setting is defined by
MD 24580: TRAFO5_TOOL_VECTOR_1 or
MD 24680: TRAFO5_TOOL_VECTOR_2.

Machine data MD 24585: TRAFO5_ORIAX_ASSIGN_TAB_1[0..2] are used to
assign up to a total of 3 virtual orientation axes to the channel, which are set as
input variables in machine data $MC_TRAFO_AXES_IN_n[4..6].

As regards assigning channel axes to orientation axes, please note the
following:

¢ $MC_TRAFO5_ORIAX_ASSIGN_TAB_n[0] = $MC_TRAFO_AXES_IN_n [4]
¢ $MC_TRAFO5_ORIAX_ASSIGN_TAB_n[1] = $MC_TRAFO_AXES_IN_n [5]
¢ $MC_TRAFO5_ORIAX_ASSIGN_TAB_n[2] = $MC_TRAFO_AXES_IN_n [6]

QOrientation transformation 1:
MD 24585: TRAFO5_ORIAX_ASSIGN_TAB_1[n] n = channel axis [0..2]

QOrientation transformation 2:
MD 24685: TRAFO5_ORIAX_ASSIGN_TAB_2[n] n = channel axis [0..2]

Transformation [1..4]

MD 24110: TRAFO5_AXES_IN_1[n] n = Axis index [0..7]
to

MD 24410: TRAFO5_AXES_IN_4[n]

Transformation [5..8]

MD 24432: TRAFO5_AXES_IN_5[n] n = axis index [0..7]
to

MD 24462: TRAFO5_AXES_IN_8[n]

For orientation axes, please see Section 6.4 “Example for orientation axes”.
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2.8 Orientation axes (SW 5.3 and higher)

2.8.1 JOG mode

Axis traversal us-
ing traverse keys

Axis traversal us-
ing handwheels

Feedrate in JOG

Acceleration

It is not possible to traverse orientation axes in JOG mode until the following
conditions are fulfilled:

* The orientation axis must be defined as such, that is, a value must be set in
MD $MC_TRAFO5_ORIAX_ASSIGN_TAB.

* A transformation must be active (TRAORI command).

When using the traverse keys to move an axis continuously (momentary-trigger
mode) or incrementally, it must be noted that only one orientation axis can be
moved at a time.

If more than one orientation axis is moved, alarm 20062 “Channel 1 axis 2
already active” is output.

More than one orientation axis can be moved simultaneously via the
handwheels.

When orientation axes are traversed manually, the channel-specific feedrate
override switch or, in rapid traverse override, the rapid traverse override switch
is applied.

Until now, the velocities for traversal in JOG mode have always been derived
from the machine axis velocities. However, geometry and orientation axes are
not always assigned directly to a machine axis.

For this reason, new machine data have been introduced for geometry and
orientation axes, allowing separate velocities to be programmed for these axis

types:
e MD 21150: JOG_VELO_RAPID_ORI[n]

e MD 21155: JOG_VELO_ORI[n]
e MD 21160: JOG_VELO_RAPID_GEO|n]
e MD 21165: JOG_VELO_GEO|n]

Appropriate velocity values for the axes must be programmed in these data.

MD 21170: The acceleration for the orientation axes can be set using
ACCEL_ORI[n].
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2.8 Orientation axes (SW 5.3 and higher)

2.8.2 Programming

Programming of
orientation

Example

3/F2/2-58

The values can only be programmed in conjunction with an orientation
transformation.

Orientation axes are programmed by means of axis identifiers A2, B2 and C2.
Euler and RPY values are distinguished on the basis of G group 50:

¢ ORIEULER: Orientation programming on the basis of Euler angles
(default)

¢ ORIRPY: Orientation programming on the basis of RPY angles

¢ ORIVIRT1: Orientation programming on the basis of virtual
orientation axes (definition 1)

¢ ORIVIRT2: Orientation programming on the basis of virtual
orientation axes (definition 2)

The type of interpolation is distinguished on the basis of G group 51:

* ORIAXES: Orientation programming of the linear interpolation of
orientation axes or machine axes

¢ ORIVECT: Orientation programming of the large circle interpolation of
orientation axes (interpolation of the orientation vector)

MD 21102: ORI_DEF_WITH_G_CODE defines whether
MD 21100: ORIENTATION_IS_EULER is active (default) or G group 50.

The following four variants are available for programming the orientation:
1. A B,C: Input of machine axis position

2. A2,B2,C2: Angle programming of virtual axes

3. A3, B3, C3: Input of vector components
4

LEAD, TILT: Specification of the lead and side angles with reference to
path and surface

Note

The four variants of orientation programming are mutually exclusive. If mixed
values are programmed, alarm 14130 or 14131 is activated.

Exception:

In the case of 6-axis kinematics with a 3rd degree of freedom for orientation, C2
may be programmed additionally for variant 3 and 4. C2 in this case describes
the rotation of the orientation vector about its axis.

Please refer to Section 6.4 “Example of orientation axes” for an example of
orientation axes for a kinematic with 6 or 5 transformed axes.
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Interpolation type

Value range

Feedrate

2.8 Orientation axes (SW 5.3 and higher)

MD 21104: ORI_IPO_WITH_G_CODE defines which type of interpolation is
used:

* ORIMKS or ORIWKS (for description, see Subsection 2.1.4)

® G code group 51 with the commands ORIAXES or ORIVECT

— ORIAXES:
Linear interpolation of machine axes or orientation axes.

— ORIVECT:
The orientation is controlled by the orientation vector being swiveled in
the plane spanned by the start and end vectors (large-circle
interpolation). In cases of 6 transformed axes, there is a rotation about
the orientation vector in addition to this swiveling motion.
When ORIVECT is programmed, the orientation axes always traverse
along the shortest possible path.

Value range for orientation axes:
—180 degrees < A2 < 180 degrees
—90 degrees < B2 < 90 degrees
—180 degrees < C2 < 180 degrees

All possible angles of rotation can be represented within this value range.
Values outside the range are normalized by the control system to within the
range specified above.

Feedrate when programming ORIAXES:

The feedrate for an orientation axis can be limited via the FL[ ] instruction (feed
limit).

Feedrate when programming ORIVECT:
The feedrate must be programmed with commands FORI1 and FORI2:

e FORN Feedrate for swiveling the orientation vector on the large arc

* FORI2 Feedrate for overlaid rotation about the swiveled orientation
vector

The lowest of the two feedrates is applied for overlaid turning and swiveling
motions. With orientation motions, the feedrate corresponds to an angular
velocity [degrees/min]. If geometry axes and orientation axes are traversing
along the same path, the traversing motion is determined by the smallest of the
two feedrates.

The programmed feedrate override also applies to FORI1 and FORI2.

References: /PA/, Programming Guide, Fundamentals
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2.8 Orientation axes (SW 5.3 and higher)

2.8.3 Restrictions for kinematics and interpolation

Fewer than
6 axes

5-axis kinematics

3-and 4-axis
kinematics

Interpolation
across several
blocks

Tool orientation
based on orienta-
tion vectors

3/F2/2-60

Not all degrees of freedom are available for the orientation. The following
special rules therefore apply:

This has only two degrees of freedom for the orientation. The assignment of the
orientation axes and the tool vector direction must be selected such that there is
no rotation about the tool vector itself. As a result, only two orientation angles
are required to describe the orientation. If the axis is traversed by ORIVECT, the
tool vector performs a pure swiveling motion.

Only one degree of freedom is available for the orientation in the case of 3-axis
and 4-axis kinematics. The respective transformation determines the relevant
orientation angle.

It only makes sense to traverse the orientation axis with ORIAXES. Linear
interpolation for the orientation axis is direct.

Machine tools with the kinematics of an orientable toolholder are capable of
orienting the tool in space. The orientation of the tool is almost always
programmed in each block. For example, it is possible to

specify the tool orientation directly with reference to the rotary axis positions.

If orientations of a tool are interpolated over several successive blocks,
undesirable abrupt changes in the orientation vector may be encountered at the
block transitions. This cause irregular velocity and acceleration changes in the
rotary axes at the block transitions.

Large circle interpolation can be used to generate a movement of the
orientation axes with continuous velocity and acceleration across several
blocks. The orientation axes behave like

normal linear axes if only G1 blocks are interpolated.

In the case of linear axes, a movement with continuous acceleration is achieved
by using polynomials for the axis interpolation.

A much better method is to use orientation vectors in order to program the tool
orientation in space.

The interpolation of orientation vectors can be programmed with polynomials up
to a maximum of 5th degree. Please consider the features of polynomial
interpolation of orientation vectors described in Subsection 2.9.1.

Note

Further information on polynomial interpolation for axis motion and general pro-
gramming is given in:

References: /PGA/, Programming Guide Advanced
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2.9 COrientation vectors

2.9 Orientation vectors

2.9.1 Polynomial interpolation of orientation vectors (SW 5.3 and

higher)

Programming of Polynomial programming for axis motion

polynomials In the case of a change in orientation using rotary axis interpolation, linear
interpolation normally takes place in the rotary axes. However, it is also possible
to program the polynomials as usual for the rotary axes. This enables you to
produce generally more homogeneous axis motion.
Note
Further information about programming polynomial interpolation with POLY and
on interpolation of orientation vectors is given in:
References: /PGA/, Programming Guide Advanced
A block with POLY is used to program the polynomial interpolation. Whether the
programmed polynomials are then interpolated as polynomial depends on
whether the G code POLY is active or not. If the G code is
* not active, the programmed axis end points are traversed in a line.
* active, the programmed polynomials are interpolated as polynomials.

MD 10674 Machine data MD 10674: PO_WITHOUT_POLY = FALSE can be used to set
whether the programming of:
e PQ[...]or PO(...) is only possible if POLY is active or
e PO[]or PO() polynomials are also possible without active G code POLY.
If MD 10674: PO_WITHOUT_POLY = TRUE, programming of:
* POQ[..]=(...) is always possible independent of whether POLY is active or

not.

MD 10674: PO_WITHOUT_POLY = FALSE is the default setting.

POLYPATH In addition to the modal G function POLY, the predefined subprogam

POLYPATH (argument) can be used to activate polynomial interpolation
selectively for different axis groups. The following arguments are permissible for
activation of the polynomial interpolation:

(“AXES”): For all path axes and additional axes

(“VECT”): For orientation axes

(“AXES”",“"VECT”):  For path axes, additional axes and orientation axes
(without argument): Deactivates polynomial interpolation for all axis groups.

Polynomial interpolation is activated for all axis groups per default.
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2.9 Oirientation vectors

Programming of An orientation vector can be programmed in each block. If polynomials are

orientation vectors programmed for the orientation, the orientation vector is usually no longer
located in the plane between the start and end vectors, but can be rotated out of
this plane.

The orientation vectors can be programmed as follows:

1. Programming of rotary axis positions with A, B and C or with the actual
rotary axis identifiers.

2. Programming in Euler angle or RPY angle via A2, B2, C2.
3. Programming of the direction vector via A3, B3, C3.

4. Programming via leading angle with LEAD and tilt angle TILT.

Selection of type The type of interpolation for orientation axes is selected using the G codes of
of interpolation group 51

* ORIAXES: Linear interpolation of the machine axes or using polynomials
for active POLY or

* ORIVECT: Interpolation of the orientation vector using large circle
interpolation

and is independent of the type of programming of the end vector. If ORIAXES is
active, the interpolation of the rotary axis can also take place using polynomials
like polynomial interpolation of axes with POLY.

On the other hand, if ORIVECT is active, a “normal” large circle interpolation is
carried out through linear interpolation of the angle of the orientation vector in
the plane that is clamped from the start and end vector.

Polynomials for The additional programming of polynomials for 2 angles that span the start
2 angles vector and end vector can also be programmed as complex changes in
orientation with ORIVECT.

The two PHI and PSI angles are specified in degrees.
POLY Activate polynomial interpolation for all axis groups.

POLYPATH () Activate polynomial interpolation for all axis groups.
Possible groups are “AXES” and “VECT”.

The coefficients a, and b, are specified in degrees.
PO[PHI]=(ay, a3, a4, as)

The PHI angle is interpolated as

PHI(u) = ag + a{*u + ax*u? + ag*ud+ az*u* + a5*ud.
PO[PSI]=(b2, b3, b, bs)

The PSI angle is interpolated as

PHI(u) = bg + by*u + bo*u? + b3*ud+ bs*u* + bs*ud.

PL Length of the parameter interval where polynomials
are defined. The interval always begins with 0.
Theoretical value range for PL: 0.0001 ... 99999.9999.
The PL value applies to the block which contains it.
If no PL is programmed, PL = 1 is active.
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Rotation of the
orientation vector

PHI and PSI
angle

2.9 Oirientation vectors

Orientation changes are possible with ORIVECT, independent of the type of end
vector programming. The following situations apply:

Example 1 The components of the end vector are programmed.

N... POLY A3=a B3=b C3=c PO[PHI] = (a2, a3, a4, a5) PO[PSI] =
(b2, b3, b4, b5)

Example 2 The end vector is determined by the positions of the rotary axes.
N...POLY Aa Bb Cc PO[PHI] = (a2, a3, a4, a5) PO[PSI] = (b2, b3, b4, b5)

The angle PHI describes the rotation of the orientation vector in the plane
between the start and end vectors (large circle interpolation, see Fig. 2-16). The
interpolation of the orientation vector is exactly the same as in example 1.

Start vector End vector

Fig. 2-16  Rotation of the orientation vector in the plane between start and end vector

The programming of polynomials for the two angles PO[PHI] and PO[PSI] is
always possible. Whether the programmed polynomials for PHI and PSI are
actually interpolated depends on the following:

e [f POLYPATH(“VECT”) and ORIVECT are active, the polynomials are
interpolated.

¢ |f POLYPATH(“VECT”) and ORIVECT are not active, the programmed
orientation vectors are traversed at the end of the block by a “normal” large
circle interpolation. This means that the polynomials for the two angles PHI
and PSI are ignored in this case.

Start PHI End

Fig. 2-17  Movement of the orientation vector in the top view

The angle PSI can be used to generate movements of the orientation vector
perpendicular to the large circle interpolation plane (see Fig. 2-17).
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2.9 Orientation vectors

Maximum
polynomials of 5th
degree permitted

Special features

Supplementary
conditions

5th degree polynomials are the maximum possible for programming the angles
PHI and PSI. The constant and linear coefficient is defined by the start value
and end value of the orientation vector in each case.

Higher degree coefficients can be omitted from the coefficient list (..., ....) if these
are all equal to zero.

The length of the parameter interval in which the polynomials are defined can
also be programmed with PL.

If no polynomial is programmed for the PSI,

* the interpolation of the orientation vector is always in the plane spanned by
the start and end vectors.

* the PHI angle in this plane is interpolated according to the programmed
polynomial for PHI.

This ensures

* that the orientation vector moves through a “normal” large circle interpolation
in the plane between the start and end vector and the movement is more or
less irregular independent of the programmed polynomial.

In this way, the velocity and acceleration curve of the orientation axes can be
influenced within a block, for example.

Further explanations of tool orientation using orientation vectors for machine
tools are given in Subsection 2.8.3.

The polynomial interpolation of orientation vectors is only possible for control
variants in which

® Dboth an orientation transformation
and

* the polynomial interpolation belong to the functional scope.

2.9.2 Rotation of the orientation vector (SW 6.1 and higher)

Functionality

3/F2/2-64

Changes in the tool orientation are programmed by specifying, in each block, an
orientation vector which is to be reached at the end of the block. The end
orientation of each block can be programmed by

1. programming the vector directly, or
2. programming the rotary axis positions

The second option depends on the machine kinematics. The interpolation of
the orientation vector between the start and end values can also be modified by
programming polynomials.
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Programming
of the orientation
direction

Programming

of the orientation
direction and
rotation

Rotation of the
orientation vector

2.9 Oirientation vectors

The following options are available for programming the tool orientation:

1. Direct programming of the rotary axis positions
(the orientation vector is derived from the machine kinematics).

2. Programming in Euler angles via A2, B2, C2
(Angle C2 is irrelevant).

3. Programming in RPY angles via A2, B2, C2.

Programming of the direction vector via A3, B3, C3
(The length of the vector is irrelevant).

You can switch between Euler and RPY angle programming with machine data
MD 21100: ORIENTATION_IS_EULER or using G codes ORIEULER and
ORIRPY.

The following options are available for interpolating a rotation of the orientation
vector by programming the vector directly:

While the direction of rotation is already defined when you program the
orientation with RPY angles, additional parameters are needed in order to
specify the direction of rotation for the other orientations:

1. Direct programming of the rotary axis positions
An additional rotary axis must be defined for the direction of rotation.

2. Programming in Euler angles via A2, B2, C2
Angle C2 must also be programmed. The complete orientation is then
defined including the tool rotation.

3. Programming in RPY angles via A2, B2, C2
Additional parameters are not required.

4. Programming of the direction vector via A3, B3, C3
The angle of rotation is programmed with THETA=<value>.

Note
The following cases do not allow for a programmed rotation:

Multiple programming of the direction of rotation is not allowed and results in an
alarm. If you program the Euler angle C2 and the direction of rotation THETA
simultaneously, the programmed rotation is not executed.

If the machine kinematics are such that the tool cannot be rotated, any pro-
grammed rotation is ignored. This is the case on a normal 5-axis machine tool,
for example.

The following options are available for interpolating a rotation of the orientation
vector by programming the vector directly:

* Linear interpolation, i.e. the angle between the current rotation vector and
the start vector is a linear function of the path parameter.

¢ Non-linear by additional programming of a polynomial for the angle of
rotation. € The polynomial is maximum 5th degree in the format:

PO[THT] = (d,, d5, d,, d5)
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2.9 Orientation vectors

Interpolation of the
angle of rotation

Formula

Formula

Interpolation of the
rotation vector

Higher degree coefficients can be omitted from the coefficient list (..., ....) if these
are all equal to zero.

The end value of the angle,
in addition to the constant and linear coefficient d,, of the polynomial cannot be
programmed directly in this case.

The linear coefficient d,,
is defined by the end angle 6, and is specified in degrees.

The end angle 6,
is derived from the programming of the rotation vector.

The starting angle 6,

is determined by the starting value of the rotation vector resulting from the end
value of the previous block. The constant coefficient of the polynomial is defined
by the starting angle of the polynomial.

The rotation vector
is always perpendicular to the current tool orientation and forms the angle
THETA in conjunction with the basic rotation vector.

Note

During machine configuration, you can define the direction in which the rotation
vector points at a specific angle of rotation when the tool is in the basic orienta-
tion.

In general, the angle of rotation is interpolated with a 5th degree polynomial.
B(u) = 65 + d,u + dou? + dau® + d,u* + dgu’ (1)
This yields the following for the linear coefficients for parameter interval O ... 1:

d; = 60— 0, —dy, — dy — d, — dg @)

The programmed rotation vector can be interpolated in the following way using
the modal G codes:

* ORIROTA (orientation rotation absolute):
The angle of rotation THETA is interpreted with reference to an absolute
direction in space. The basic direction of rotation is defined by machine
data.

* ORIROTR (orientation rotation relative):
The angle of rotation THETA is interpreted relative to the plane defined by
the start and end orientation.

¢ ORIROTT (orientation rotation tangential):
The angle of rotation THETA is interpreted relative to the change in
orientation. That means the rotation vector interpolation is tangential to the
orientation change for THETA=0.

This is different to ORIROTR only if the orientation change does not take
place in one plane. This is the case if at least one polynomial was
programmed for the “tilt angle” PSI for the orientation. An additional angle of
rotation THETA can then be used to interpolate the rotation vector such that
it always exhibits a specific angle with reference to the orientation change.
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Activating the
rotation

Supplementary
conditions

2.9 Oirientation vectors

A rotation of the orientation vector is programmed with the identifier THETA. The
following options are available for programming:

THETA=<value> an angle of rotation which is reached at the end of the block.

THETA =0, programmed angle 6, can be interpreted either as an
absolute dimension (G90 is active)
or as an incremental dimension (G91 is active).

THETA = AC(...) non-modal switchover to absolute dimensions.

THETA =1C(...) non-modal switchover to incremental dimensions.

PO[THT] =(...) programming of a polynomial for the angle of rotation THETA.
The angle THETA is programmed in degrees.

The interpolation of the rotation vector is defined by the modal G codes:

ORIROTA Angle of rotation to an absolute direction of rotation.
ORIROTR Angle of rotation relative to the plane between the
start and end orientation.
ORIROTT Angle of rotation relative to the change in the orientation
vector.
PL Length of the parameter interval where polynomials

are defined. The interval always begins with 0.
If no PL is programmed, PL = 1 is active.

These G codes define the reference direction of the angle of rotation. The
meaning of the programmed angle of rotation is interpreted accordingly.

The angle of rotation or rotation vector can only be programmed in all four
modes if the interpolation type ORIROTA is active.

1. Rotary axis positions

2. Euler angle via A2, B2, C2

3. RPY angles via A2, B2, C2.

4. Direction vector via A3, B3, C3.

If ORIROTR or ORIROTT is active, the angle of rotation can only be
programmed directly with THETA.

The other programming options must be excluded in this case since the
definition of an absolute direction of rotation conflicts with the interpretation of
the angle of rotation in these cases. The possible programming combinations
are monitored and an alarm is output if necessary.

A rotation can also be programmed in a separate block without an orientation
change taking place. In this case, ORIROTR and ORIROTT are irrelevant. In
this case, the angle of rotation is always interpreted with reference to the
absolute direction (ORIROTA).

A programmable rotation of the orientation vector is only possible when an
orientation transformation (TRAORI) is active.

A programmed orientation rotation is only actually interpolated if the machine
kinematics allow a rotation of the tool orientation (e.g. 6-axis machines).
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2.9 Orientation vectors

293 Extended interpolation of orientation axes (SW 6.1 and higher)

Functionality To execute a change in orientation along the peripheral surface of the cone
located in space, it is necessary to perform an extended interpolation of the
orientation vector. The vector around which the tool orientation is to be rotated
must be known. The start and end orientation must also be specified. The start
orientation is given by the previous block and the en orientation must either be
programmed or defined by other conditions.

A Peripheral surface of the cone

Direction axis
Start vector

End vector

4>
PSI aperture angle of the cone
PHI angle of rotation for orientation about the direction axis

Fig.2-18  Change in orientation of a peripheral surface of the cone located in space

Definitions Generally, the following data are required:

required
9 * The start orientation is defined by the end orientation of the previous block.

* The end orientation is defined either by specifying the vector (with A3, B3,
C3), the Euler angle or RPY angle (with A2, B2, C2) or by programming the
positions of the rotary axis (with A, B, C).

* The rotary axis of the cone is programmed as a (normalized) vector with
A6, B6, C6.

* The aperture angle of the cone is programmed degrees with the identifier
NUT (nutation angle).

The value range of this angle is limited to the interval between 0 degrees
and 180 degrees. The values 0 degrees and 180 degrees must not be
programmed. If an angle is programmed outside the valid interval, an alarm
appears.

In the special case where NUT = 90 degrees, the orientation vector in the
plane is interpolated vertical to the direction vector (large circle
interpolation).

The sign of the programmed aperture angle specifies whether the traversing
angle is to be greater of less than 180 degrees.

In order to define the cone, the direction vector or its aperture angle must
be programmed. Both may not be specified at the same time.

* A further option is to program an intermediate orientation that lies between
the start and end orientation.
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Programming

Data for
intermediate
orientation

2.9 Oirientation vectors

ORIPLANE orientation interpolation in a plane
Interpolation in a plane (large circle interpolation)

ORICONCW orientation interpolation on a cone clockwise
Interpolation on a peripheral surface of the cone in clockwise
direction

ORICONCCW orientation interpolation on a cone counter clockwise
Interpolation on a peripheral surface of the cone in counter
clockwise direction.

The programming of the direction vector is carried out using the identifiers
A6, B6, C6 and is specified as a (normalized) vector.

Note

The programming of an end orientation is not absolutely necessary. If no ori-
entation is specified, a full cone surface with 360 degrees is interpolated.

The aperture angle of the cone is programmed with
NUT= <angle> , where the angle is specified in degrees.

Note

An end orientation must be specified.

A complete outside taper with 360 degrees can be interpolated in this way. The
sign of the aperture angle defines whether the traversing angle is to be greater
or less than 180 degrees.

The meanings are as follows:
NUT = +... traversing angle less than or equal to 180 degrees
NUT =—... traversing angle greater than or equal to 180 degrees

A positive sign can be omitted when programming.

ORICONIO orientation interpolation on a cone with intermediate
orientation Interpolation on a peripheral surface
of the cone with intermediate orientation specified.

If this G code is active, it is necessary to specify an intermediate orientation

with A7, B7, C7 , and this is specified as a (normalized) vector.

Note

Programming of the end orientation is absolutely necessary in this case.

The change in orientation and the direction of rotation is defined uniquely by
the three vectors Start, End and Intermediate orientation.

All three vectors must be different. If the programmed intermediate orientation is
parallel to the start or end orientation, a linear large circle interpolation of the
orientation is executed in the plane that is defined by the start and end vector.
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2.9 Orientation vectors

Rotation angle and
aperture angle

Further interpola-
tion options

Boundary
conditions

The following may be programmed for the angle of the cone

PHI Angle of rotation of the orientation around the direction axis
PSI Aperture angle of the cone

as well as the polynomials of the 5th degree (max.). They are programmed as
follows:

PO[PHI] = (a2, a3, a4, a5) The constants and linear coefficients
POI[PSI] = (b2, b3, b4, b5) are determined by the start and
end orientation.

It is possible to interpolate the orientation on a cone that connects at a tangent
to the previous change in orientation.

This orientation interpolation is achieved by programming the G code
ORICONTO.

ORICONTO orientation interpolation on a cone with tangential orientation
Interpolation on a peripheral surface of the cone with
tangential transition

A further option for orientation interpolation is to describe the change in
orientation through the path of a 2nd contact point on the tool.

ORICURVE orientation interpolation with a second curve
Interpolation of the orientation specifying a movement
between two contact points of the tool

The coordination of the movement of the 2nd contact point of the tool is
necessary here. This additional curve in space is programmed with

XH, YH, ZH Except for the relevant end values, you can also program
additional polynomials of the form
PO[XH] = (xe, x2, x3, x4, x5) (xe, ye, ze) of the end point of the curve and
PO[YH] = (ye, y2, y3, y4, y5) Xi, yi, zi are the coefficients of the
polynomials
PO[ZH] = (ze, z2, 23, z4, z5) The polynomial is maximum 5th degree
(maximum).

This type of interpolation can be used to program points (G1) or polynomials
(POLY) for the two curves in space.

Note

No circles or involutes are permissible. IT is also possible to activate a spindle
interpolation with BSPLINE. The programmed end points of both curves in
space are then interpreted as nodes.

Other types of splines (ASPLINE and CSPLINE) and the activation of a com-
pressor (COMPON, COMPCURV, COMPCAD) are not permissible here.

The extended interpolation of orientations requires that all necessary orientation
transformations be considered, since these belong to the functional scope.
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Activation

Example

2.9 Oirientation vectors

The change in orientation on any peripheral surface of a cone in space is
activated with the G code of Group 51 through extended interpolation of the
orientation vector using the following commands:

ORIPLANE Interpolation in a plane with end orientation specified
(corresponds to ORIVECT)

ORICONCW Interpolation on a peripheral surface of the cone in clockwise
direction

Specification of the end orientation and cone direction or
aperture angle of the cone.

ORICONCCW Interpolation on a peripheral surface of the cone in
counterclockwise direction.
Specification of the end orientation and cone direction or
aperture angle of the cone.

ORICONIO Interpolation on a peripheral surface of the cone with
specification of the end orientation and an intermediate
orientation.

ORICONTO Interpolation a peripheral surface of the cone with tangential

transition, specification of the end orientation.

ORICURVE Interpolation of the orientation with specification of the
movement of two contact points of the tool.

The various orientation changes are programmed in the following sample
program:

N10 G1 X0 YO F5000

N20 TRAORI ; Orientation transformation activated.
N30 ORIVECT ; Interpolate tool orientation as vector
N40 ORIPLANE ; Select large circle interpolation
N50 A3=0 B3=0 C3=1 ;
N60 A3=0 B3=1 C3=1 ; Orientation rotated 45 degrees in Y/Z

; plane, at the end of the block, the

; orientation (0, l, l) is reached.

V2 2

N70 ORICONCW : The orientation vector is interpolated

; on a cone with the direction

N80 A6=0 B6=0 C6=1 A3=1 B3=0 C3=1; (0, 0, 1) up to the orientation

1 1,. . .
; (== 0: =9 in clockwise direction
7R
; The rotation angle is 270 degrees.
; The tool orientation turns a full
N90 A6=0 B6=0 C6=1 ; rotation on the same cone
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2.10 Cartesian manual travel (810D, SW 6.1 and higher)

2.10 Cartesian manual travel (810D, SW 6.1 and higher)

Functionality

Selecting
reference systems

Translation

3/F2/2-72

The Cartesian manual travel function allows you to set axes independently in
the Cartesian coordinate systems as reference system for the JOB mode

* Basic Coordinate System BCS MD 21106: Bit0 = 1
* Workpiece Coordinate System WCS MD 21106: Bit1 =1
* Tool Coordinate System TCS MD 21106: Bit2 = 1

Machine data MD 21106: CART_JOG_SYSTEM with the Cartesian manual
travel function is activated to do this.

Note

The Cartesian manual travel function is implemented in SINUMERIK 810D
powerline with CCU3 as of SW 6.1. SINUMERK 840D requires the option
“Transformation package handling” SW6.3 or higher.

The workpice coordinate system has been shifted and rotated compared to the
basic coordinate system via frames.

References: /FB1/, Description of Functions, Basic Machine, K2 Axes,
Coordinate Systems, Frames, Reset Behavior

Representation of the reference system in the coordinate system:

_@_ WCS = Workpiece zero 'Eb' TCS = Tool zero

For JOG motion, you can specify one of three reference systems separately
both for the

Translation (coarse shift) of the geometry axes and for the
orientation for orientation axes using the

SD 42650: CART_JOG_MODE.

If more than one bit is set for the translation or for the orientation reference
system, or if an attempt is made to set a reference system that has not been
activated via MD 21106: CART_JOG_SYSTEM, Alarm 14148 “Reference
system not permissible for Cartesian manual travel” is issued.

A translation movement can be used to move the tool tip (TCP) in parallel and
3-dimensional to the axes of the reference system. The traversing movement is
made via the VDI signals of the geometry axes.

Machine data MD 24120: TRAFO_GEOAX_ASSIGN_TAB_x[n] is used to
assign the geometry axes. Simultaneous traversing in more than one direction
permits the execution of movements that lie parallel to the directions of the
reference system.
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Translation in the
BCS

Translation in the
WCS

Translation in the
TCS

2.10 Cartesian manual travel (810D, SW 6.1 and higher)

The Basic Coordinate System (BCS) describes the Cartesian zero of the
machine.

End position

2A

Start position y
Y

BCS

Fig. 2-19  Cartesian manual travel in the Basic Coordinate System (Translation)

The Workpiece Coordinate System (WCS) lies in the workpiece zero. The
workpiece coordinate system can be shifted and rotated relative to the
reference system via frames. As long as the frame rotation is active, the
traversing movements correspond to the translation of the movements in the
basic coordinate system.

End position

2A

Start position Y

Y

'
'
'
'
'
'
'
]
-

o Workpiece

‘@wcs ' P * >x

Fig. 2-20  Cartesian manual travel in the Workpiece Coordinate System (Translation)

The Tool Coordinate System (TCS) lies in the tool tip. Its direction depends on
the current setting of the machine, since the tool coordinate system moves
during the motion.
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2.10 Cartesian manual travel (810D, SW 6.1 and higher)

Translation and
Orientation
in the TCS
simultaneously

Orientation

Orientation in the
WCS

3/F2/2-74

End position

Start position Y

X Workpiece

Fig. 2-21  Cartesian manual travel in the Tool Coordinate System (Translation)

If translation and orientation motions are executed at the same time, the
translation is always traversed corresponding to the current orientation of the
tool. This permits infeed movements that are made directly in the tool direction
or movements that run perpendicular to tool direction.

The tool can be aligned to the component surface via an orientation movement.
The orientation movement is given control from the PLC via the VDI signals of
the orientation axes (DB21, ... DBB321).

Several orientation axes can be traversed simultaneously. The virtual
orientation axes execute rotations around the fixed axes of the relevant
reference system.

The rotations are identified according to the RPY angles.
¢ A angle : rotation around Z axis
¢ B angle : rotation around Y axis
® C angle: rotation around X axis

Programing rotations:
The user can define how the rotations are to be executed with the current G
codes of group 50 for orientation definition

ORIEULER, ORIRPY, ORIVIRT1 and ORIVIRT2.

With ORIVIRT1, the rotations are executed according to MD 21120:
ORIAX_TURN_TAB_1. The assignment of the orientation axes to the channel
axes is made via MD 24585: TRAFO5_ORIAX_ASSIGN_TAB_1.

The direction of rotation is determined according to the “right hand rule”. The
thumb points in the direction of the rotary axis. The finger stipulates the positive
direction of rotation.

The rotations are made around the defined directions of the Workpiece
Coordinate Systems. If frame rotation is active, the movements correspond to
the rotations in the Basic Coordinate System.
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Orientation in the
BCS

2.10 Cartesian manual travel (810D, SW 6.1 and higher)

The rotations are made around the defined directions of the Basic Coordinate
System.

AC-} End orientation . Start orientation
Y
%
BCS |
Fig. 2-22  Cartesian manual travel in the basic coordinate system Orientation angle A

ZA

Start orientation End orientation
+B
B
Y
Xtcs
—®& >
X
BCS
Fig. 2-23  Cartesian manual travel in the basic coordinate system Orientation angle B

zA

End orientation

Y
\ /
c V > Start orientation
BCS
Fig. 2-24  Cartesian manual travel in the basic coordinate system Orientation angle C
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Orientation in TCS The rotations are around the moving directions in the Tool Coordinate System.
The current homing directions of the tool are always used as rotary axes.

Fig. 2-25  Cartesian manual travel in the Tool Coordinate System, orientation angle A

Fig. 2-26  Cartesian manual travel in the Tool Coordinate System, orientation angle B

U

Fig. 2-27  Cartesian manual travel in the Tool Coordinate System, orientation angle C
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3-Axis to 5-Axis Transformation (F2)

2.10 Cartesian manual travel (810D, SW 6.1 and higher)

Boundary
conditions
conditions apply:

Only if IS “Transformation active” (DB31, ... DBX33.6) is set to 1, is it possible to
execute the Cartesian manual travel function. The following boundary

* The option “Transformation package handling” with 5-axis or 6-axis
transformation is required for SINUMERIK 840D SW6.3 and higher.

* \Virtual orientation axes must be defined via machine data

MD 24585: TRAFO5_ORIAX_ASSIGN_TAB_1[n].

* |S “Activate PTP/CP traversing” (DB31, ... DBX29.4) must be 0.

* Machine data MD 21106: CART_JOG_SYSTEM must be > 0.

Table 2-6

Conditions for Cartesian manual traversing

Transformation in program G codes PTP/CP

active (TRAORIL..)

IS “Activate PTP/CP
tranversing”

IS “Transformation
active”

FALSE Not functional!

Not functional!

DB31, ... DBX33.6 =0

TRUE CP

DB31, ... DBX29.4 =0

DB31, ... DBX33.6 = 1

TRUE CP

DB31, ... DBX29.4 = 1

DB31, ... DBX33.6 =0

TRUE PTP

DB31, ... DBX29.4 =0

DB31, ... DBX33.6 = 1

TRUE PTP

DB31, ... DBX29.4 = 1

DB31, ... DBX33.6 =0

The G code PTP/CP currently active in the program does not affect Cartesian
manual travel. The VDI interface signals are interpreted in the channel DB for
geometry and orientation axes.

Activation

The reference system for Cartesian manual travel is set as follows:

* The function Cartesian manual travel is activated with machine data
MD 21106: CART_JOG_SYSTEM > 0.

The reference systems BCS, WCS or TCS are enabled by setting the bits in
MD 21106: CART_JOG_SYSTEM.

* The JOG traversing motion via SD 42650: CART_JOG_MODE

Standard response as before:

Bits0to2=0,

Reference system for translation via
reference system for orientation via

Bits 8to 10 =0

Bits 0—2 and the
Bits 8—10

If not all of the bits are set to 0, the process uses the new function. The
reference systems for translation and orientation may be set independently.

The meaning of the bits is explained in the table below 2-7.

Table 2-7

Bit assignment for SD 42650: CART_JOG_MODE (only one bit may be set)

Bit7 ‘ Bit6 ‘ Bit5 ‘ Bit4

Bit3 Bit2

Bit1 Bit0

Reserved

Translation
in TCS

Translation
in BCS

Translation
in WCS

Bit15 ‘ Bit14 ‘ Bit13 ‘ Bit12

Bit11 Bit10

Bit9 Bit8

Reserved

Orientation
in TCS

Orientation
in BCS

Orientation
in WCS
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2.10 Cartesian manual travel (810D, SW 6.1 and higher)

Combining

reference systems

The table below shows all the combination options for reference systems.

Table 2-8 Combination options for reference systems
SD 42650: CART_JOG_MODE Reference system for
Bit 10 Bit 9 Bit 8 Bit 2 Bit 1 Bit 0 Orientation | Translation
0 0 0 don’t care don’t care don'tcare | Standard Standard
Standard Standard Standard 0 0 0 Standard Standard
0 0 1 0 0 1 BCS BCS
0 0 1 0 1 0 BCS WCS
0 0 1 1 0 0 BCS TCS
0 1 0 0 0 1 WCS BCS
0 1 0 0 1 0 WCS WCS
0 1 0 1 0 0 WCS TCS
1 0 0 0 0 1 TCS BCS
1 0 0 0 1 0 TCS WCS
1 0 0 1 0 0 TCS TCS
© Siemens AG, 2002. All rights reserved
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2.11 Cartesian PTP travel

2.11 Cartesian PTP travel

Function

Activation

Power ON

RESET

Block search

This function makes it possible to approach a Cartesian position with a
synchronized axis movement.

It is particularly useful in cases where, for example, the position of the joint is
changed, causing the axis to move through a singularity.

When an axis passes through a singularity, the feed velocity would normally be
reduced or the axis itself overloaded.

Note

The function can only be used meaningfully in conjunction with an active trans-
formation. Furthermore, the “Cartesian PTP travel” function may only be used
in conjunction with the GO and G1 commands. Alarm 14144 “PTP travel not
possible” is otherwise output.

The function is activated when the PTP command is programmed.
The function can be deactivated again with the CP command. Both these
commands are contained in G group 49.

— PTP commanad:
The programmed Cartesian position is approached with a synchronized
axis motion (PTP=point-to-point)

— CP command:
The programmed Cartesian point is approached with a path movement
(default setting), (CP=continuous path)

After power ON, traversing mode CP is automatically set for axis traversal with
transformation. The initial setting can be altered to PTP in MD 20152:
GCODE_RESET_VALUES[48].

MD 20152: GCODE_RESET_MODE[48] (group 49) defines which setting is
active after RESET/end of parts program.

MD 20152: GCODE_RESET_MODE[48]

— MD=0:
The setting depends on MD 20150:GCODE_RESET_VALUES[48]

- MD=1:
Active setting remains valid

If the setting is selected with reference to MD 20150:
GCODE_RESET_VALUES[48], the default setting PTP or CP can be activated
with this machine data.

No change.

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/F2/2-79



3-Axis to 5-Axis Transformation (F2) 12.98

2.11 Cartesian PTP travel

2.11.1 Programming of position

STAT address

3/F2/2-80

Generally speaking, a machine position is not uniquely defined solely by a
position input with Cartesian coordinates and the orientation of the tool.
Depending on the kinematics of the relevant machine, the joint may assume up
to 8 different positions. These joint positions are specific to individual
transformations.

A Cartesian position must be convertible into a unique axis angle. For this
reason, the position of the joints must be entered in the STAT address.

The STAT address contains a bit for every possible setting as a binary value.
The meaning of these bits is determined by the relevant transformation.

As regards the transformations contained in the publication entitled “Handling of
Transformation Package (TE4)”, the bits are assigned to different joint positions,
as shown in Fig. 2-28. See also Subsection 2.11.4

Bit number: 31 4 3 2 1 0

Position of axis 5
Position of axis 2/3
Overhead position

Fig.2-28  Position bits for Handling Transformation Package

Note

It is only meaningful to program the STAT address for “Cartesian PTP travel”,
since changes in position are not normally possible while an axis is traversing
with active transformation. The starting point position is applied as the destina-
tion point for traversal with the CP command.
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2.11 Cartesian PTP travel

2.11.2 Overlap areas of axis angles

TU address

In order to approach axis angles in excess of + 180 degrees without ambiguity,
the information must be programmed in the TU (turn) address. Address TU thus
represents the sign of the axis angles, An axis angle of |0 < 360 degrees can
therefore be specified uniquely.

Variable TU contains a bit, which indicates the traversing direction, for each axis
included in the transformation.

— TU bit=0: 0 degrees < 0 < 360 degrees
— TU bit=1: —360 degrees < 6 < 0 degrees
The TU bit is set to 0 for linear axes.

In the case of axes with a traversing range > + 360 degrees, the axis always
moves across the shortest path, because the axis position cannot be specified
uniquely by the TU information.

If no TU is programmed for a position, the axis always traverses via the shortest
possible route.

2.11.3 PTP/CP switchover in JOG mode

Operating mode
changeover

REPOS

In JOG mode, the transformation can be switched on and off via a PLC control
signal. This control signal is active only in JOG mode and when a
transformation has been activated via the program.

If the mode is switched back to AUTO, the state which was last active before
switchover is made active again.

The “point-to-point traversal active” signal DBX317.6 shows which traversal
type is active. By means of the “Activate point-to-point traversal” signal DBX29.4
the traversal type can be modified.

The “Cartesian PTP travel” function can be used meaningfully only in the AUTO
and MDA modes. The CP setting is automatically activated if the operating
mode is switched to JOG. If the mode is then switched back to AUTO or MDA,
the mode that was last active in either mode is made active again.

The setting for “Cartesian PTP travel” is not altered during re-positioning. If PTP
was set in the interruption block, then repositioning takes place in PTP. For a
sloping axis “TRAANG”, only CP travel is active in REPOS mode.
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2.11.4 Examples of ambiguities of position

The kinematics for a 6-axis joint have been used to illustrate the ambiguities
caused by different joint positions.

Z1 Al Position 1:
° (e X1=0°
. Y1=45°

Y1 Z1=45°
\/ STAT="BOC’

Position 2:
N\ X1=—180°
Y Y1=—45°
Z1=—45°
1 STAT="BO1’

Fig.2-29  Ambiguity in overhead area

Position 1:

A1 Y1=-30°
Z1=60°
vi ( z1:><-— o
i STAT="B00’

Position 2:
i A Y1=30°
\V4 Z1=—60°
A1=30°
1 STAT='B10’

Fig. 2-30  Ambiguity of top or bottom elbow

Position 1:

C1
A1=0°
B1 ./AV/\ B1=40°
C1=0°
STAT="BO0’
A1

Position 2:

f A1=180°
B1=—40°

C1=180°
STAT="B100’

Fig. 2-31  Ambiguity of axis B1
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2.11.5 Example of ambiguity in rotary axis position

The rotary axis position shown in Fig. 2-32 can be approached in negative or
positive direction. The direction is programmed under address A1.

Starting position

Negative direction:
A1=—135° TU bit=1
Positive direction:
A1=225° TU bit=0 Target position

Fig.2-32  Ambiguity in rotary axis position
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Notes
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3-Axis to 5-Axis Transformation (F2)

3.1 Availability

Supplementary Conditions

3.1 Availability

Function
5-axis machining
package

3-axis/4-axis
transformation
function

Swiveled linear
axis function

Universal milling
head function

Generic 5-axis-
transformation
funtion

Online tool length
offset

The function is an option and available with
* SINUMERIK 840D with NCU 572/573, with SW2 and higher.

¢ SINUMERIK 810D with CCU2, as of SW2 for handling the transformation
package.

The function is not included in the export variant SINUMERIK 840DE/810DE.

This function is an option and available for
¢ SINUMERIK 840D with NCU 572/573, with SW 3.2 and higher.
The function is not included in the export variant SINUMERIK 840DE/810DE.

This function is an option. It is available with SW 3.2 and higher.

This function is an option which can be partially implemented with SW 3.1 and
higher. Only the transformation for the axis sequence CA’ can be implemented
in SW 3.1. In SW 3.2 and higher, all axis sequences shown in Table 2-4 are
available.

This function is an option and available for
¢ SINUMERIK 840D with NCU 572/573, with SW 5.2 and higher
* SINUMERIK 810D with CCU3, SW 3.2 and higher.

This function requires the option Generic 5-axis transformation and is available
for

¢ SINUMERIK 840D with NCU 572/573, with SW 6.4 and higher
¢ SINUMERIK 810D with CCU3, with SW 6.2 and higher.
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3.1 Availability

Number of trans-
formations

Multi-axis
interpolation
function

Orientation axes
function

Cartesian
PTP travel
function

Function
Cartesian
manual travel

3/F2/3-86

In software version 4.1 and higher, the total number of transformations available
for each channel has been increased from 4 to 8.

SINUMERIK 810D with CCU2 V5.1 and higher offers transformations in two
channels.

The function is not included in the export version SINUMERIK 840DE/810DE.

This function is included in the scope of the 5-axis transformation option and
available in software version 5.3 and higher for

¢ SINUMERIK 810D with CCU2.
¢ SINUMERIK 840D with NCU572/573.
The function is not included in the export variant SINUMERIK 840DE/810DE.

This function is included in the scope of the 5-axis transformation option and
available in software version 5.3 and higher for

¢ SINUMERIK 810D with CCU2.

¢ SINUMERIK 840D with NCU572/573.
The function is not included in the export variant SINUMERIK 840DE/810DE.

This function is available per default in
* SINUMERIK 810D with CCU3, SW 6.1 and higher.
* SINUMERIK 840Di with PCU50, SW 2.1 and higher

The function is included in the “Transformation package handling” option and is
available with SW6.3 and higher for

¢ SINUMERIK 840D with NCU572/573.
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4.1 General machine data

Data Descriptions (MD, SD)

4.1 General machine data

10620

EULER_ANGLE_NAME_TAB

MD number Name of Euler angle [GEOaxisNo.]: 0...2
Default setting: A2, B2, C2 | Min. input limit: — | Max. input limit: -
Changes effective after power ON \ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 2.1

Special cases, errors...

® The entered name must not conflict with machine and geometry axis names/assignments.

® The entered name must not coincide with the channel axis names in the channel.

(MD 20080: AXCONF_CHANAX_NAME_TAB), names for directional vectors (MD 10640:
DIR_VECTOR_NAME_TAB), names for intermediate point coordinates for CIP

(MD 10660: INTERMEDIATE_POINT_NAME_TAB) and the names of interpolation
parameters (MD 10650: IPO_PARAM_NAME_TAB).

® The entered name may not adopt the following reserved address characters:

-D Tool offset (D function) -E Reserved

-F Feedrate (F function) -G Preparatory function
-H Auxiliary function (H function) -L Subroutine call

-M Miscellaneous function (M function) -N Subblock

-P Subroutine number of passes -R Arithmetic parameter
-S Spindle speed (S function) -T Tool (T function)

® Vocabulary words (e.g. DEF, SPOS etc.) and predefined identifiers (e.g. ASPLINE,
SOFT) are also illegal.

® An angle identifier consists of a valid address character (A, B, C, I, J, K, Q, U, V, W, X, Y,
Z), followed by an optional numeric extension (1-99).

10630 NORMAL_VECTOR_NAME_TAB

MD number Name of normal vectors

Default setting: A4, B4, C4 Min. input limit: — Max. input limit: —
Default: A5, B5, C5

Changes effective after power ON \ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 4.1

Meaning:

List of identifiers of normal vector components at start and end of block.

The rules for axis identifiers described in MD 20080: AXCONF_CHANAX_NAME_TAB
apply when chosing identifiers.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to ....

Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
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4.1 General machine data

10640
MD number

DIR_VECTOR_NAME_TAB
Name of direction vectors

Default setting: A3, B3, C3

| Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 4.1

Meaning:

List of identifiers for direction vector components.

The rules for axis identifiers described in MD 20080: AXCONF_CHANAX_NAME_TAB
apply when chosing identifiers.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to .... Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
10642 ROT_VECTOR_NAME_TAB
MD number Name of rotation vectors

Default setting: A6, B6, C6

| Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 6.1

Meaning:

List of identifiers for rotational vector components in direction of taper.

The rules for axis identifiers described in MD 20080: AXCONF_CHANAX_NAME_TAB
apply when chosing identifiers.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to .... Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
10644 INTER_VECTOR_NAME_TAB
MD number Name of intermediate vector components

Default setting: A7, B7, C7

| Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 6.1

Meaning:

List of identifiers for intermediate vector components.

The rules for axis identifiers described in MD 20080: AXCONF_CHANAX_NAME_TAB
apply when chosing identifiers.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to .... Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
10646 ORIENTATION_NAME_TAB
MD number Identifier for programming a 2nd orientation path

Default setting: XH, YH, ZH

| Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 6.1

Meaning:

Identifier list for programming the 2nd curve in space for tool optimization.

The rules for axis identifiers described in MD 20080: AXCONF_CHANAX_NAME_TAB
apply when chosing identifiers.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to .... Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
© Siemens AG, 2002. All rights reserved
3/F2/4-88 SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition




06.01

3-Axis to 5-Axis Transformation (F2)

4.1 General machine data

10648
MD number

NUTATION_ANGLE_NAME
Name of the aperture angle

Default setting: NUT

| Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 6.1

Meaning:

Identifier for the aperture angle for orientation interpolation.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

Related to .... Choice of possible axis identifiers as for MD 20080: AXCONF_CHANAX_NAME_TAB
10670 STAT_NAME

MD number Name of position information

Default setting: STAT | Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 5.2

Meaning:

Identifier for position information
to resolve ambiguities for Cartesian PTP travel.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

10672 TU_NAME
MD number Name of position information of the axes
Default setting: TU | Min. input limit: — | Max. input limit: -

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: STRING

| Applies from SW 5.2

Meaning:

Identifier for position information of axes
to resolve ambiguities for Cartesian PTP travel.

The identifiers must be selected such that there are no conflicts with other identifiers, for
example, axes, Euler angle, normal vector, direction vector, intermediate coordinate.

10674
MD number

PO_WITHOUT_POLY
Permissible programming for PO[ ] without POLY having to be active.

Default setting: FALSE

| Min. input limit: 0 | Max. input imit: 1

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: BOOLEAN

| Applies from SW 5.3

Special cases, errors...

You can use the machine data to set the response of the control when programming poly-
nomials with POJ...].

MD 10674 = 0 (FALSE):

Previous response, which is active during programming of PO[ ] without POLY.

An error message is notified.

MD 10674 = 1 (TRUE):

Programming of PQOJ...] is allowed without the G code POLY having to be active. POLY and
POLYPATH( ) produce only the actual execution of the polynomial interpolation in this case.
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4.2 Channel-specific machine data

4.2 Channel-specific machine data

The following machine data are relevant for all transformations described in this
Description of Functions. Afterwards, the specific machine data for swiveling
linear axis and universal milling head are described.

21100 ORIENTATION_IS_EULER

MD number Angle definition for orientation programming

Default setting: 1 | Min. input limit: 0 | Max. input limit: 1

Change effective after Protection level: Unit: —
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: BOOLEAN | Applies from SW 2.1

Meaning: MD 21100 = 0 (FALSE):

The values programmed with A2, B2, C2 for orientation programming are interpreted as an
RPY angle (in degrees).

The orientation vector is produced by rotating a vector in direction Z first through C2 about
the Z axis, then through B2 about the new Y axis and finally through A2 about the new X
axis. In contrast to Euler angle programming, all three values influence the orientation vec-
tor in this case.

MD 21100 = 1 (TRUE):

The values programmed with A2, B2, C2 for orientation programming are interpreted as
Euler angle (in degrees).

The orientation vector is produced by rotating a vector in direction Z first through A2 about
the Z axis, then through B2 about the new X axis and finally through C2 about the new Z
axis. The value of C2 is therefore meaningless.
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4.2 Channel-specific machine data

21108 POLE_ORI_MODE

MD number Behavior during large circle interpolation at pole position

Default setting: 0, 0, 0, O, ... | Min. input limit: 0 | Max. input limit: 22

Change effective after Protection level: Unit: —
NEWCONFIG (SW 5.2 and higher) 7/7 (SW 5.2 and higher)

Data type: DWORD

| Applies from SW 5.2

Meaning:

Defines the treatment of orientation changes during large circle interpolation if the starting
orientation is equal to the pole orientation or approximates to it and the end orientation of
the block is outside the tolerance circle defined in MD TRAFO5_NON_POLE_LIMIT_1/2.
The position of the polar axis is arbitrary in the polar position. For the large circle
interpolation, however, a specified orientation is required for this axis.

The MD is coded decimally.

The unit digits, define the behavior if the start orientation precisely matches the pole
orientation,

the ten digits, the behavior if the start orientation of the block is outside the tolerance circle
defined in MD TRAFO5_NON_POLE_LIMIT_1/2.

The unit digits can have the following values (effective if start orientation equals pole
orientation):

0: Interpolation is executed as axis interpolation. The preset orientation path (large circle)
is only maintained if the polar axis (randomly) has the correct position and the basic
orientation is perpendicular to the 2nd rotary axis.

1: Ablock is inserted in front of the block in which the situation described above occurs.
This block positions the polar axis such that large circle interpolation can be performed in
the following block.

2: If the block in front of the block in which the situation described above occurs, contains
a geometry axis movement but not an orientation movement, the necessary positioning
movement of the polar axis is effected in addition in this previous block.

If one of the two conditions has not been fulfilled (block contains no geometry axis
movement or block contains orientation movement), the polar axis movement is carried out
in a block of its own (for behavior see 1).

The ten digits can have the following values (effective if the starting orientation is different
from the pole orientation but is within the tolerance circle defined in
TRAFO5_NON_POLE_LIMIT_1/2):

00: Interpolation is executed as axis interpolation. The preset orientation path (large circle)
is only maintained if the polar axis (randomly) has the correct position and the basic
orientation is perpendicular to the 2nd rotary axis.

10: A block is inserted in front of the block in which the situation described occurs. This
block positions the two rotary axes at the point at which the programmed large circle
interpolation intersects the tolerance circle defined in TRAFO5_NON_POLE_LIMIT_1/2. In
the original block, movement is effected with large circle interpolation from this point
onward.

20: If the block in front of the block in which the situation described above occurs,
contains a geometry axis movement but not an orientation movement, the necessary
positioning movements of the two rotary axes are effected in addition in this previous block.
The residual movement in the original block is the same as that for value 10 of the MD. If
one of the two conditions has not been fulfilled (block contains no geometry axis movement
or block contains orientation movement), the polar axis movement is carried out in a block
of its own (for behavior see 10).

The values of the unit and ten digit are added.
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3-Axis to 5-Axis Transformation (F2) 05.97
4.2 Channel-specific machine data

24100, 24430 TRAFO_TYPE_1 TRAFO_TYPE_5
24200, 24440 TRAFO_TYPE_2 TRAFO_TYPE_6
24300, 24450 TRAFO_TYPE_3 TRAFO_TYPE_7
24400, 24460 TRAFO_TYPE_4 TRAFO_TYPE_8
MD number Definition of transformation 1/2/3/4/5/6/7/8 in channel
Default setting: 0 | Min. input limit: 0 | Max. input limit: -
Change effective after Protection level: Unit: —
NEWCONFIG (SW 5.2 and higher) |7/7 (SW 5.2 and higher)
Power ON (up to SW 5.1) 2/7 (up to SW 5.1)
Data type: DWORD | Applies from SW 1.1
Meaning: This MD specifies for each channel which transformation is available in the channel as the
first (MD 24100), second (MD 24200), third (MD 24300) or eighth (MD 24460) transforma-
tion.
MD irrelevant for ...... If no transformation is installed.
Figure see Section 1/2 Figures: 1-1, 1-2, 1-3, 2-1.
Application example(s) See Chapter 6.
Special cases, errors, ...... See Section 2.5

For the implemented kinematics, the following tables show the values to be set
in MD TRAFO_TYPE_n (n =1 ... 8) as decimal numbers.

5-axis transformations

1. Rotary axis 2. Rotary axis Movable tool Movable workpiece Movable tool and
workpiece
TRAFO_TYPE TRAFO_TYPE TRAFO_TYPE
A B 16 32 48
A C 33 49
B A 18 34 50
B C 35 51
o] A 20
C B 21
General 5-axis transformations (SW 5.2 and 24 40 56
higher)

3-axis and 4-axis transformations

Rotary axis Orientation plane Movable tool Movable workpiece Tool orientation in
TRAFO_TYPE TRAFO_TYPE zero position
A Y-Z 16 Z
B X-Z 18 Z
C X-Y 20 Y
C X-Y 21 X
A Y-Z 32, 33 4
B X-Z 34, 35 4
C X-Y 36 4
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05.97

3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

Universal milling head

1. Rotary axis 2. Rotary axis Movable tool, Tool orientation in zero
TRAFO_TYPE position
A B’ 128 X
A B’ 136 Y
A (3 129 X
A (3 145 4
B A 130 X
B A 138 Y
B (3 139 Y
B (3 147 Z
C A 132 X
C A 148 Z
C B’ 141 Y
C B’ 149 Z
Swiveled linear axis
1. Rotary axis 2. Rotary axis Swiveled linear axis TRAFO_TYPE
A B 4 64
A C 65
B A 4 66
B C X 67
C A Y 68
C B X 69
Further transformations
Group of transformation TRAFO_TYPE
Transmit 256
Cylinder lateral surface 512
513
Inclined axis 1024
Centerless grinding 2048
OEM transformation from 4096 to 4098
Linked transformation 8192
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3-Axis to 5-Axis Transformation (F2)

05.97

4.2 Channel-specific machine data

24110, 24432
24210, 24442
24310, 24452
24410, 24462
MD number

TRAFO_AXES_IN_1[n] TRAFO_AXES_IN_5[n]
TRAFO_AXES_IN_2[n] TRAFO_AXES_IN_6[n]
TRAFO_AXES_IN_3[n] TRAFO_AXES_IN_7[n]
TRAFO_AXES_IN_4[n] TRAFO_AXES_IN_8[n]
Axis assignment for transformation 1/2/3/4/5/6/7/8 [axis index]: O ... 7

Default setting: 1,2,3,4,5,0,0,...

Min. input limit: 0 Max. input limit: 10 [max. number of
channels]

Change effective after

Protection level: Unit: —

NEWCONFIG (SW 5.2 and higher) 717 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (uptoSWS5.1)
Data type: Byte | Applies from SW 1.1
Meaning: This MD sets the axis assignment at the input of the first (TRAFO_AXES_IN_1), second

(TRAFO_AXES_IN_2), third (TRAFO_AXES_IN_3) up to eighth transformation
(TRAFO_AXES_IN_8).

The index entered at the nth position specifies which axis is imaged internally by the trans-
formation onto axis n.

The numbers of the channel axes must be specified. This is important for multi-channel
systems.

MD irrelevant for ......

If no transformation is installed.

Application example(s)

The default for a machine with 6 axes is, for example, 1234 5 6.
123546 is then possible. The fourth axis is imaged on the fifth and the fifth imaged on
the fourth axis.

Special cases, errors, ......

Entry 0: Axis does not participate in the transformation.

24120, 24434
24220, 24444
24320, 24454
24420, 24464
MD number

TRAFO_GEOAX_ASSIGN_TAB_1[n]
TRAFO_GEOAX_ASSIGN_TAB_2[n]

TRAFO_GEOAX_ASSIGN_TAB_5[n]
TRAFO_GEOAX_ASSIGN_TAB_6[n]
TRAFO_GEOAX_ASSIGN_TAB_3[n] TRAFO_GEOAX_ASSIGN_TAB_7[n]
TRAFO_GEOAX_ASSIGN_TAB_4[n] TRAFO_GEOAX_ASSIGN_TAB_8[n]
Assignment of geometry axes to channel axes with transformation 1/2/3/4/5/6/7/8 [geome-
try axis number]:0 ... 2.

Default setting: 1, 2, 3

| Min. input limit: 0 | Max. input limit: 8

Change effective after

NEWCONFIG (SW 5.2 and higher)

Protection level: Unit: —

7 /7 (SW 5.2 and higher)

power ON (up to SW 5.1) 2/7 (upto SW5.1)
Data type: Byte | Applies from SW 2.0
Meaning: The geometry axes are assigned to the channel axes for transformations in this table.
MD irrelevant for ...... If no transformation is installed.
Related to .... as for MD 20050: AXCONF_GEOAX_ASSIGN_TAB, but only when transformation is active
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09.95

3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

24500 TRAFO5_PART_OFFSET_1[n]
24600 TRAFO5_PART_OFFSET_2[n]
MD number Offset vector of 5-axis transformation 1/2 [axis number]: 0 ... 2
Default setting: 0.0 | Min. input limit: | Max. input limit:
Change effective after Protection level: Unit: mm
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: DOUBLE

| Applies from SW 1.1

Meaning:

This machine data defines an offset of the workpiece carrier for the first (MD:
TRAFO5_PART_OFFSET_1) or second (MD: TRAFO5_PART_OFFSET_2) 5-axis trans-
formation of a channel and has a specific meaning for the different machine types:
Machine type 1 (two-axis swivel head for tool):

Vector from machine reference point to zero point of workpiece table. This will generally be
a zero vector if both coincide.

Machine type 2 (two-axis rotary table for workpiece):

Vector from second joint of workpiece rotary table to zero point of table.

Machine type 3 (single-axis rotary table for workpiece and single-axis swivel head for tool):
Vector from joint of workpiece table to zero point of table.

MD irrelevant for ......

If no transformation is installed.

Figure see Subsection
213

Example of machine type 2: See Fig. 2-2

24510 TRAFO5_ROT_AX_OFFSET_1[n]

24610 TRAFO5_ROT_AX_OFFSET_2[n]

MD number Position offset of rotary axis 1/2 for 5-axis transformation 1/2 [axis number]: O ... 1

Default setting: 0.0 | Min. input limit: | Max. input limit:

Change effective after Protection level: Unit: Degrees
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: DOUBLE | Applies from SW 1.1

Meaning:

This machine data defines the angular offset of the first or second rotary axis in degrees for
the first (MD: TRAFO5-ROT_AX_OFFSET_1) or the second 5-axis transformation (MD:
TRAFO5_ROT_AX_OFFSET_2) of a channel.

MD irrelevant for ......

If no transformation is installed.
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3-Axis to 5-Axis Transformation (F2)

10.00

4.2 Channel-specific machine data

24520
24620
MD number

TRAFO5_ROT_SIGN_IS_PLUS_1[n]
TRAFO5_ROT_SIGN_IS_PLUS_2[n]
Sign of rotary axis 1/2 for 5-axis transformation 1/2[axis number]: O ... 1

Default setting: 1

| Min. input limit: 0 | Max. input limit: 1

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level: Unit: —
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

(up to SW 5.1)

Data type: BOOLEAN

| Applies from SW 1.1

Meaning:

This machine data defines the sign with which the two rotary axes are included in the first
(MD: TRAFO5_ROT_SIGN_IS_PLUS_1) or
the second (MD: TRAFO5-ROT_SIGN_IS_PLUS_2) 5-axis transformation of a channel.

MD = 0 (FALSE): Sign is reversed.
MD =1 (TRUE): Sign is not reversed and the traversing direction is defined
according to AX_MOTION_DIR.

This machine data does not mean that the rotational direction of the rotary axis concerned
is to be reversed, but specifies whether its motion is in the mathematically positive or nega-
tive direction when the axis is moving in the positive direction.

The result of a change to this data is not therefore a change in the rotational direction, but a
change in the compensatory motion of the linear axes.

However, if a directional vector and thus, implicitly, a compensatory motion is specified, the
result is a change in the rotational direction of the rotary axis concerned.

On a real machine, therefore, the machine data may be set to FALSE (or zero) only if the
rotary axis is turning in an anti-clockwise direction when moving in a positive direction.

MD irrelevant for

If no transformation is installed.

24530
24630
MD number

TRAFO5_NON_POLE_LIMIT_1
TRAFO5_NON_POLE_LIMIT_2

Definition of pole range for 5-axis transformation 1/2

Default setting: 2

| Min. input limit: | Max. input limit:

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level:
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

Unit: Degrees

(up to SW 5.1)

Data type: DOUBLE

| Applies from SW 1.1

Meaning:

This MD defines a limit angle for the fifth axis of the first (MD:
TRAFO5_NON_POLE_LIMIT_1) or the second (MD: TRAFO5_NON_POLE_LIMIT_2)
5-axis transformation with the following characteristics: If the path runs past the pole at an
angle lower than the value set here, it crosses through the pole.

With the 5-axis transformation, a coordinate system consisting of circles of longitude and
latitude is spanned over a spherical surface by the two orientation axes of the tool.

If, as a result of orientation programming (i.e. the orientation vector is positioned on one
plane), the path passes so close to the pole that the angle is less than the value defined in
this MD, then a deviation from the specified interpolation is made such that the interpolation
passes through the pole.

If this path modification results in a deviation which is greater than a tolerance defined by
means of MD 24540/24640: TRAFO5_POLE_LIMIT, then alarm 14112 is output.

MD irrelevant for ......

If no transformation is installed.
Also irrelevant for programming in machine coordinate system ORIMKS.

See Chapter 2 for Figure

Fig. 2-9 shows how this MD is used.

Related to ....

MD: TRAFO5_POLE_LIMIT_1or_2

3/F2/4-96
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09.95 3-Axis to 5-Axis Transformation (F2)
4.2 Channel-specific machine data

24540 TRAFO5_POLE_LIMIT_1

24640 TRAFO5_POLE_LIMIT_2

MD number End angle tolerance with interpolation through pole for 5-axis transformation 1/2

Default setting: 2 | Min. input limit: | Max. input limit:

Change effective after Protection level: Unit: Degrees
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: Double | Applies from SW 1.1

Meaning: This MD defines an end angle tolerance for the fifth axis of the first (MD:

TRAFO5_POLE_LIMIT_1) or the second (MD: TRAFO5_POLE_LIMIT_2) 5-axis trans-
formation with the following characteristics:

With interpolation through the pole point, only the fifth axis moves; the fourth axis remains
in its start position. If a movement is programmed which does not pass exactly through the
pole point, but is to pass within the tolerance defined by TRAFO5_NON_POLE_LIMIT in
the vicinity of the pole, a deviation is made from the specified path because the interpola-
tion runs exactly through the pole point. As a result, the position at the end point of the
fourth axis (pole axis) deviates from the programmed value.

This MD specifies the angle by which the pole axis may deviate from the programmed
value with a 5-axis transformation if a switchover is made from the programmed interpola-
tion to interpolation through the pole point. In the case of a greater deviation, an error mes-
sage (alarm 14112) is output and the interpolation is not executed.

MD irrelevant for ...... If no transformation is installed.

Also irrelevant for programming in machine coordinate system ORIMKS.

See Chapter 2 for Figure | Fig. 2-9 shows how this MD is used.

Related to .... MD: TRAFO5_NON_POLE_LIMIT_1or_2

24550 TRAFO5_BASE_TOOL_1[n]

24650 TRAFO5_BASE_TOOL_2[n]

MD number Vector of base tool for activation of 5-axis transformation 1/2 [axis number]: 0 ... 2

Default setting: 0.0 | Min. input limit: | Max. input limit:

Change effective after Protection level: Unit: mm
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: DOUBLE | Applies from SW 1.1

Meaning: This MD specifies the vector of the base tool which takes effect when the first transforma-

tion (MD: TRAFO5_BASE_TOOL_1) or the second (MD: TRAFO5_BASE_TOOL_2) is
activated when a length compensation is not selected.

Programmed length compensations have an additive effect with respect to the base tool.
MD irrelevant for ...... If no transformation is installed.
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3-Axis to 5-Axis Transformation (F2) 10.00

4.2 Channel-specific machine data

24560 TRAFO5_JOINT_OFFSET_1[n]
24660 TRAFO5_JOINT_OFFSET_2[n]
MD number Vector of kinematic offset of 5-axis transformation 1/2 [axis number]: 0 ... 2
Default setting: 0.0 | Min. input limit: | Max. input limit:
Change effective after Protection level: Unit: mm
NEWCONFIG (SW 5.2 and higher) 7 /7 (SW 5.2 and higher)
power ON (up to SW 5.1) 2/7 (upto SW5.1)

Data type: DOUBLE

| Applies from SW 1.1

Meaning:

This machine data defines the vector from the first to the second joint for the first (MD:
TRAFO5_JOINT_OFFSET_1) or second (MD: TRAFO5_JOINT_OFFST_2) transformation
of a channel and has a specific meaning for the different machine types:

Machine type 1 (two-axis swivel head for tool) and

machine type 2 (two-axis rotary table for tool):

Vector from first to second joint of tool rotary head or workpiece rotary table.

Machine type 3 (single-axis rotary table for workpiece and single-axis swivel head for tool):
Vector from machine reference point to joint of workpiece table.

MD irrelevant for ......

If no transformation is installed.The same applies for 3-axis and 4-axis transformation.

3/F2/4-98

Fig. 4-1 Example of MD: TRAFO5_JOINT_OFFSET (joint offset for a 5-axis machine
with two-axis swivel head for tools) (e.g. laser machining with machine type 1)
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04.00

3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

4.2.1 Channel-specific MD for swiveled linear axis
In addition to the machine data described in Section 4.2, the following machine
data are required for the 5-axis transformation “swiveling linear axis”.
24562 TRAFO5_TOOL_ROT_AX_OFFSET_1
MD number Offset of focus of 1st 5-axis transformation with swiveled linear axis.

Default setting: 0.0, 0.0, 0.0

| Min. input limit: — | Max. input limit: -

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level:
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

Unit: Degrees

(up to SW 5.1)

Data type: DOUBLE

| Applies from SW 3.2

Meaning:

In the case of 5-axis transformation with swiveled linear axis, the value indicates the offset
of the rotary axis which swivels the linear axis with reference to machine zero for the 1st
swiveled transformation.

MD irrelevant for

Other 5-axis transformations

Diagram 2-10

Related to .... 24662

24662 TRAFO5_TOOL_ROT_AX_OFFSET_2

MD number Offset of focus of 2nd 5-axis transformation with swiveled linear axis.

Default setting: 0.0, 0.0, 0.0

| Min. input limit: - | Max. input limit: —

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level:
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

Unit: Degrees

(up to SW 5.1)

Data type: DOUBLE

| Applies from SW 3.2

Meaning:

In the case of 5-axis transformation with swiveled linear axis, the value indicates the offset
of the rotary axis which swivels the linear axis with reference to machine zero for the 2nd
swiveled transformation.

MD irrelevant for

Other 5-axis transformations

Diagram

2-10

Related to ....

24562
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3-Axis to 5-Axis Transformation (F2)

04.00

4.2 Channel-specific machine data

422 Channel-specific MD for universal milling head
24564 TRAFO5_NUTATOR_AX_ANGLE_1
MD number Angle of 2nd rotary axis and the corresponding axis in the rectangular coordinate system,

1st transform.

Default setting: 45

| Min. input limit: -89 | Max. input limit: 89

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level:
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

Unit: Degrees

(up to SW 5.1)

Data type: DOUBLE

| Applies from SW 3.1

Meaning:

Angle between the second rotary axis and the corresponding axis in the rectangular coordi-
nate system.
Valid for the first transformation of a channel.

MD irrelevant for ......

Transformation type other than “universal milling head”

Application example(s)

6.3

Related to ....

TRAFO_TYPE_n

24664
MD number

TRAFO5_NUTATOR_AX_ANGLE_2
Angle of 2nd rotary axis and the corresponding axis in the rectangular coordinate system,
2nd transform.

Default setting: 45

| Min. input limit: -89 | Max. input limit: 89

Change effective after

power ON

NEWCONFIG (SW 5.2 and higher)

Protection level:
7 /7 (SW 5.2 and higher)
2/7 (upto SW5.1)

Unit: Degrees

(up to SW 5.1)

Data type: DOUBLE

| Applies from SW 3.1

Meaning:

Angle between the second rotary axis and the corresponding axis in the rectangular coordi-
nate system.
Valid for the second transformation of a channel.

MD irrelevant for ......

Transformation type other than “universal milling head”

Application example(s)

6.3

Related to ....

TRAFO_TYPE_n

3/F2/4-100
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12.98 3-Axis to 5-Axis Transformation (F2)
4.2 Channel-specific machine data

4.2.3 Channel-specific MD for orientation axes
20621 HANDWH_ORIAX_MAX_INCR_SIZE
MD number Limitation of handwheel increment for orientation axes

Default setting: 0.0

| Min. input limit: 0.0 | Max. input limit: —

Changes effective after RESET

| Protection level: 2/7 | Unit: Degrees

Data type: DOUBLE

| Applies from SW 5.3

Meaning:

Limitation of handwheel increment for orientation axes

MD irrelevant for ......

If no transformation is installed.

20623
MD number

HANDWH_ORIAX_MAX_INCR_VSIZE
Orientation velocity overlay

Default setting: 0.1

| Min. input limit: 0.0 | Max. input limit: -

Changes effective after RESET

\ Protection level: 2/7 \ Unit: rev/min

Data type: DOUBLE

| Applies from SW 5.3

Meaning:

Orientation velocity overlay

MD irrelevant for ......

If no transformation is installed.

21102
MD number

ORI_DEF_WITH_G_CODE
Definition of orientation angles A2, B2, C2

Default setting: 0

| Min. input limit: 0 | Max. input limit: 1

Changes effective after power ON

| Protection level: 2 /7 | Unit: -

Data type: BYTE

| Applies from SW 5.3

Meaning:

This machine data determines how orientation angles A2, B2, C2 are defined:

MD = 0 (FALSE): The angles are defined according to MD 21100
“ORIENTATION_IS_EULER”

MD =1 (TRUE):

The angles are defined according to the G code (ORIEULER, ORIRPY, ORIVIRT1,

ORIVIRT2)

MD irrelevant for ......

If no transformation is installed.

21104
MD number

ORI_IPO_WITH_G_CODE
Definition of interpolation type for orientation

Default setting: 0

| Min. input limit: 0 | Max. input imit: 1

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: BOOLEAN

| Applies from SW 5.3

Meaning:

Definition of interpolation type for orientation
MD=0 (FALSE): The G codes ORIWKS and ORIMKS are the references
MD=1 (TRUE): The G codes ORIVECT and ORIAXIS are the references
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3-Axis to 5-Axis Transformation (F2) 12.98
4.2 Channel-specific machine data

21120 ORIAX_TURN_TAB_1[n]

21130 ORIAX_TURN_TAB_2[n]

MD number Assignment of rotations of orientation axes about the reference axes, definition 1 or defini-
tion 2

Default setting: 1, 2, 3 | Min. input limit: 1 | Max. input limit: 3

Changes effective after power ON | Protection level: 2/7 | Unit: -

Data type: Byte \ Applies from SW 5.3

Meaning: Assignment of rotations of orientation axes about the reference axes, definition 1 or defini-
tion 2

1 = rotation about 1st reference axis (X)
2 = rotation about 2nd reference axis (Y)
3 = rotation about 3rd reference axis (Z)

MD irrelevant for ...... If no transformation is installed.

Application example(s) See Section 6.4

Assuming that the axes are mutually perpendicular, it is possible to obtain an orientation definition which corresponds to
the orientation defined by the RPY angles or the Euler angles. As a result, there are 12 ways in which an orientation can
be specified.

If another axis assignment is programmed, alarm “Configuring axes are incorrectly configured” is issued.

Definition analogous to RPY angles Definition analogous to Euler angles
1st rotation 2nd rotation 3rd rotation 1st rotation 2nd rotation 3rd rotation
X Y z X Y X
X z X z X
Y X z Y X Y
Y z X Y z Y
z X Y z X z
z Y X z Y z
|:| corresponds to RPY angle NC [ ] corresponds to Euler angle NC

21150 JOG_VELO_RAPID_ORI[n]

MD number Rapid traverse in jog mode for orientation axes in the channel

Default setting: 10.0, 10.0, 10.0 | Min. input limit: 0.0 | Max. input limit: -

Changes effective after RESET | Protection level: 2/7 | Unit: rev/min

Data type: DOUBLE \ Applies from SW 5.3

Meaning: Rapid traverse in jog mode for orientation axes in the channel

MD irrelevant for ...... If no transformation is installed.

21155 JOG_VELO_ORI[n]

MD number Orientation axis velocity in jog mode

Default setting: 2.0, 2.0, 2.0 | Min. input limit: 0.0 | Max. input limit: -

Changes effective after RESET | Protection level: 2/7 | Unit: rev/min

Data type: DOUBLE \ Applies from SW 5.3

Meaning: Orientation axis velocity in jog mode

MD irrelevant for ...... If no transformation is installed.
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12.98

3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

21160
MD number

JOG_VELO_RAPID_GEO[n]
Rapid traverse in jog mode for geometry axes in the channel

Default setting:
10000./60.,10000./60.,10000./60.,

Min. input limit: 0.0

Max. input limit: —

Changes effective after RESET

\ Protection level: 2/7

\ Unit: mm/min

Data type: DOUBLE

| Applies from SW 5

Meaning: | Rapid traverse in jog mode for geometry axes in the channel
21165 JOG_VELO_GEOIn]
MD number Geometry axis velocity in jog mode

Default setting:
2000./60.,2000./60.,2000./60.,

Min. input limit: 0.0

Max. input limit: —

Changes effective after RESET

\ Protection level: 2/7

\ Unit: mm/min

Data type: DOUBLE

| Applies from SW 5

Meaning:

| Geometry axis velocity in jog mode

21170 ACCEL_ORI[n]

MD number Acceleration for orientation axes

Default setting: Min. input limit: 0.0 Max. input limit: —
{2.0,2.0,2.0}, ...

Changes effective after RESET

‘ Protection level: 2/7 \ Unit: U/s?

Data type: DOUBLE

| Applies from SW 5.3

Meaning:

| The acceleration for the orientation axes can be set by means of this MD.

24580
24680
MD number

TRAFO5_TOOL_VECTOR_1
TRAFO5_TOOL_VECTOR_2
Direction of tool vector for orientation transformation 1 or 2

Default setting: 2,2,2,...

| Min. input limit: 0 | Max. input limit: 2

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: Byte

| Applies from SW 5.1

Meaning:

This machine data defines the direction of the tool vector for orientation transformation 1 or
2:

0 =tool vector in X direction

1 = tool vector in Y direction

2 =tool vector in Z direction

MD irrelevant for ......

If no transformation is installed.

Application example(s)

See Section 6.4

24585
24685
MD number

TRAFO5_ORIAX_ASSIGN_TAB_1[n]
TRAFO5_ORIAX_ASSIGN_TAB_2[n]
Assignment of orientation axes to channel axes

Default setting: 0, 0, 0

| Min. input limit: 0 | Max. input limit: 18

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: Byte

| Applies from SW 5.1

Meaning:

Assignment of orientation axes to channel axes for orientation transformation 1 or 2

MD irrelevant for ......

If no transformation is installed.

Application example(s)

See Section 6.4
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4.2 Channel-specific machine data

4.2.4 MD and SD Cartesian manual travel (SW 6.3 and higher)

21106
MD number

CART_JOG_SYSTEM
Coordinate system for Cartesian JOG

Default setting: 0

| Min. input limit: 0 | Max. input limit: 7

Changes effective after power ON

| Protection level: 2 /7 | Unit: -

Data type: DWORD

| Applies from SW 6.3

Meaning:

This machine data has two different meanings. On the one hand, it is used to activate the
function Cartesian manual travel. On the other, it can be used to specify the referencing
systems for switchover.

The meanings of the individual bits is defined as follows:

The meanings of the individual bits is defined as follows:

Bit 0: Basic Coordinate System (BCS)
Bit1: Workpiece Coordinate System (WCS)
Bit2: Tool Coordinate System (TCS)

If no bit is set, setting data SD 42650: CART_JOG_MODE is not interpreted. Traversing is
carried out as before in JOG mode.

SD 42650: CART_JOG_MODE can only be used to set the reference system for which the
bits are set in MD 21106: CART_JOG_SYSTEM.

The HMI can use this machine data to decide which switchover options are offered for the
individual coordinate systems.

MD irrelevant for ......

Transformation type not equal to “Transformation package handling”

42650
MD number

CART_JOG_MODE
Coordinate system for Cartesian manual travel

Default setting: 0

| Min. input limit: 0 | Max. input limit: 0x0404

Modification valid IMMEDIATELY

\ Protection level: 7 /7 \ Unit: —

Data type: DWORD

| Applies from SW 6.3

Meaning:

This allows the reference coordinate system to be set for Cartesian manual travel.
Bits 0 to 7 are provided for selecting the coordinate system for the translation,
Bits 8 to 15 for selecting the coordinate system for the orientation.

If no bit is set, or only one bit either for the translation or for the orientation, the Cartesian
manual travel is not active. This means that one bit must always be set for the translation
and one bit set for the orientation. If more than one bit is set for the translation or for the
orientation, the Cartesian manual travel is not active either.

The meanings of the individual bits is defined as follows:

Bit 0: Translation in the Basic Coordinate System (BCS)
Bit 1: Translation in the Workpiece Coordinate System (WCS)
Bit2: Translation in the Tool Coordinate System (TCS)

Bit3: reserved
Bit4: reserved
Bit5: reserved
Bit6: reserved
Bit7: reserved

Bit 8 : Orientation in the Basic Coordinate System (BCS)
Bit9: Orientation in the Workpiece Coordinate System (WCS)
Bit 10 : Orientation in the Tool Coordinate System (TCS)

Bit 11 : reserved
Bit 12 : reserved
Bit 13 : reserved
Bit 14 : reserved
Bit 15 : reserved

MD irrelevant for ......

Transformation type not equal to “Transformation package handling”
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3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

4.2.5 Channel-specific MD for Cartesian point to point travel

20150 GCODE_RESET_VALUES[n] 0 up to max. no. of G codes-1
MD number Initial setting of G group 49
Default setting: — | Min. input limit: — | Max. input limit: —
Changes effective after RESET | Protection level: 2/7 | Unit: -
Data type: Byte | Applies from SW 5
Meaning: This MD defines whether PTP or CP is active after a RESET/end of parts program.
MD=1: CP is active after RESET
MD=2: PTP is active after RESET
Related to .... MD $MC_GCODE_RESET_MODE[48]
20152 GCODE_RESET_MODE[n] Max. no. of G codes-1
MD number Setting and response after reset and end of parts program in G group 49
Default setting: — | Min. input limit: — | Max. input limit: -
Changes effective after RESET | Protection level: 2/7 | Unit: -

Data type: Byte

| Applies from SW 5

Meaning:

This MD can be programmed to influence the setting after RESET and end of parts pro-
gram.

MD=0:

A separate value is programmed for each entry in MD GCODE_RESET_VALUES

(i.e. for each G group) to determine whether the setting is to be made according to

MD GCODE_RESET_VALUES in the event of a RESET/end of parts program.

MD=1:

The current setting remains valid after a RESET/end of parts program.

Related to ....

MD GCODE_RESET_VALUES[48]
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4.2 Channel-specific machine data

4.2.6 Machine data for generic 5-axis transformation
21180 ROT_AX_SWL_CHECK_MODE
MD number Check software limits for orientation axes

Default setting: 0

| Min. input limit: 0 | Max. input limit: 2

Modification valid IMMEDIATELY

\ Protection level: 7 /7 \ Unit: —

Data type: DWORD

| Applies from SW 6.1

Meaning:

This machine data is only evaluated for generic 5-axis transformation. It determines how
the motion of the rotary axes is modified when the direction is programmed if the system
detects during block preparation that the programmed path would trigger a violation of the
software limits.

The machine data can have the following three values:

0: No path modification takes place. If a movement across the shortest path
is not possible, alarm 10620 or 10720 (SW-LIMITSWITSCH) is output.

1: If the initial orientation path violates the limits of the orientation
axes, the system attempts to alter the end point in order to enable a movement.
The system then initially attempts to use the second solution. (Two solutions
virtually always result from the orientation ==> axis angle conversion). If this solution
also violates the axis limits, the system attempts to find an acceptable solution by
modifying both rotary axes in both solutions by multiples of 360 degrees.
The end position modifications described above are only performed if the axis
interpolation of the rotary axis is active.

0: The monitoring response and resulting modifications of the rotary axis positions are
the same as for value 1 of the machine data.
However, modifications are also accepted if vector interpolation (large circle
interpolation, conical interpolation, etc.) is active.
If a modification of the rotary axis positions is necessary in such a case,
the system switches to axis interpolation. The originally programmed orientation path
is then usually no longer followed.

24570
MD number

TRAFO5_AXIS1_1
Vector for the first rotary axis and the first orientation transformation

Default setting: —

Min. input limit: — | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 7 /7 \ Unit: —

Data type: DOUBLE

| Applies from SW 5.2

Meaning:

Specifies the vector which describes the direction of the first rotary axis when a general
5-axis transformation is the first orientation transformation in the system (TRAFO_TYPE_*
=24, 40, 56).

Any value, but £ 0

Example: The same axis (in the direction of the 2nd geometry axis, i.e. generally Y) is
described by both (0,1,0) and (0, 7.21, 0). Geometry axis, i.e. described in rule Y).

Related to .... 24572, 24670, 24672
24572 TRAFO5_AXIS2_1
MD number Vector for the first rotary axis and the first orientation transformation

Default setting: —

| Min. input limit: - | Max. input limit: —

Change effective after NEWCONFIG

| Protection level: 7 /7 | Unit: -

Data type: DOUBLE

| Applies from SW 5.2

Meaning: Same as TRAFO5_AXIS1_1, but for the second axis
Related 1o ... 24570, 24670, 24672
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3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

24574
MD number

TRAFO5_BASE_ORIENT_1
Basic orientation for the first orientation transformation

Default setting: —

| Min. input limit: — | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 7 /7 \ Unit: —

Data type: DOUBLE

| Applies from SW 5.2

Meaning:

Describes the basic orientation applied as the basis for the transformation when the
general 5-axis transformation is the first orientation in the system (TRAFO_TYPE_* = 24,
40, 56) in cases where the basic orientation has not been defined through activation of a
transformation or by means of a tool.

The value of the vector is freely selectable, but must not equal zero.

Related to .... 24674
24670 TRAFO5_AXIS1_2
MD number Vector for the first rotary axis and the second orientation transformation

Default setting: —

Min. input limit: — | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 7 /7 \ Unit: —

Data type: DOUBLE

| Applies from SW 5.2

Meaning: Same as TRAFO5_AXIS1_1, but for the second orientation transformation in the channel
Related to .... 24570, 24572, 24672

24672 TRAFO5_AXIS2_2

MD number Vector for the second rotary axis and the second orientation transformation

Default setting: —

Min. input limit: — | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 7 /7 \ Unit: —

Data type: DOUBLE

| Applies from SW 5.2

Meaning: Same as TRAFO5_AXIS2_1, but for the second orientation transformation in the channel
Related to .... 24570, 24572, 24670

24674 TRAFO5_BASE_ORIENT_2

MD number Basic orientation for the second orientation transformation

Default setting: —

| Min. input limit: — | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 7 /7 \ Unit: —

Data type: DOUBLE

| Applies from SW 5.2

Meaning:

Same as TRAFO5_BASE_ORIENT_1, but for the second orientation transformation in the
system

Related to ....

24574
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4.2 Channel-specific machine data

4.2.7 MD and SD online tool length offset (SW 6.4)

21190 TOFF_MODE

MD number Effect of online offset in tool direction

Default setting: 0 | Min. input limit: 0 | Max. input limit: —

Changes effective after RESET

| Protection level: 2 /7 | Unit: OF HEX

Data type: BYTE

| Applies from SW 6.4

Meaning: This machine data is used to set the effect of online offset in the tool direction via
$AA_TOFF[ ].
Bit0: Response of $AA_TOFF on RESET
Bit0=0 $AA_TOFF is deselected on RESET
Bit0O=1 $AA_TOFF is retained after RESET
Bit1:  Effect of value assignment to 1st component of $AA_TOFF[ ]
Bit1=0 absolute value
Bit1=1 incremental value (integrator)
Bit2: Effect of value assignment to 2nd component of $AA_TOFF[ ]
Bit2=0 absolute value
Bit2=1 incremental value (integrator)
Bit 3:  Effect of value assignment to 3rd component of $AA_TOFF[ ]
Bit1=0 absolute value
Bit1=1 incremental value (integrator)
Related to ... MD 21194: TOFF_VELO velocity of online offset in tool direction
MD 21196: TOFF_ACCEL acceleration of online offset in tool direction
21194 TOFF_VELO
MD number Velocity of online offset in tool direction

Default setting: 0

Min. input limit: >0 | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 2/7 \ Unit: mm/min

Data type: DOUBLE

| Applies from SW 6.4

Meaning: Velocity of online offset in tool direction [mm/min] via $AA_TOFF
Related to .... MD 21190: TOFF_MODE effect of online offset in tool direction

MD 21196: TOFF_ACCEL acceleration of online offset in tool direction
21196 TOFF_ACCEL
MD number Acceleration of online offset in tool direction

Default setting: 100

| Min. input limit: 0,001 | Max. input limit: -

Change effective after NEWCONFIG

\ Protection level: 2/7 ‘ Unit: m/s?

Data type: DOUBLE

| Applies from SW 6.4

Meaning: Acceleration for online offset in tool direction [m/s?] via $AA_TOFF

Related to .... MD 21190: TOFF_MODE effect of online offset in tool direction
MD 21194: TOFF_ACCEL Velocity for online offset in tool direction

42970 TOFF_LIMIT

MD number Upper limit for offset value $AA_TOFF

Default setting: 100000000.0

| Min. input limit: >0 | Max. input limit: 100000000.0

Modification valid IMMEDIATELY

\ Protection level: 2/7 \ Unit: mm/inches

Data type: DOUBLE

| Applies from SW 6.4

Meaning:

Upper limit of offset value, which can be specified using synchronous actions via
$AA_TOFF.

This limit applies to the absolute effective offset value through $AA_TOFF. System variable
$AA_TOFF_LIMIT can be used to query whether the offset value is close to the limit.
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08.01

3-Axis to 5-Axis Transformation (F2)

4.2 Channel-specific machine data

4.2.8 MD and SD compression of orientation (SW 6.3)

20482 COMPRESSOR_MODE
MD number Mode of the compressor
Default setting: 0 | Min. input limit: 0 | Max. input limit: 3
Changes effective after NEW CONF | Protection level: | Unit: -
Data type: BYTE | Applies from SW 6.3
Meaning: This MD can be used to set the compressor mode.
The following options are available:
0: The tolerances defined by the axis-specific MD 33100:
COMPRESS_POS_TOL are maintained on all axes (geometry and
orientation axes) for the compressor.
1: For the compressor, the contour tolerance specified by setting data SD 42475:
COMPRESS_CONTUR_TOL is active for the geometry axes.
For the orientation axes, the axis-specific tolerances from
MD 33100: COMPRESS_POS_TOL are active.
2: For the compressor, the axis-specific tolerances for the geometry
axes from MD 33100: COMPRESS_POS_TOL are active.
The orientation movement is compressed, allowing for the maximum angle
displacement defined in setting data SD 42476: COMPRESS_ORI_TOL and/or
SD 42477: COMPRESS_ORI_ROT_TOL.
3: For the compressor, the contour tolerance specified by setting data
SD 42475: COMPRESS_CONTUR_TOL for the geometry axes and the
maximum angular displacement specified by SD 42476: COMPRESS_ORI_TOL and/or
SD 42477: COMPRESS_ORI_ROT_TOL for the orientation axes is active.
Related to .... MD 33100: COMPRESS_POS_TOL, SD 42475: COMPRESS_CONTUR_TOL,
SD 42476: COMPRESS_ORI_TOL, SD 42477: COMPRESS_ORI_ROT_TOL
42475 COMPRESS_CONTOUR_TOL
MD number Max. contour deviation for compressor

Default setting: 0.05

| Min. input limit: 0.000001 | Max. input limit: 999999

Modification valid IMMEDIATELY

\ Protection level: \ Unit: mm

Data type: DOUBLE

| Applies from SW 6.3

Meaning:

The maximum tolerance for the contour is defined by this setting data
for the compressor.

Related to .... MD 20482: COMPRESSOR_MODE
42476 COMPRESS_ORI_TOL
MD number Max. angular displacement of tool orientation for the compressor

Default setting: 0.05

| Min. input limit: 0.000001 | Max. input limit: 90

Modification valid IMMEDIATELY

| Protection level: | Unit: Degrees

Data type: DOUBLE

| Applies from SW 6.3

Meaning:

This setting data is used to define the maximum tolerance for tool orientation for the com-
pressor. The data determines the maximum legal angular displacement of the tool orienta-
tion.

The data is only effective if an orientation transformation is active.

Related to ....

MD 20482: COMPRESSOR_MODE
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4.2 Channel-specific machine data

42477 COMPRESS_ORI_ROT_TOL

MD number Max. angular displacement of tool rotation for the compressor

Default setting: 0.05 | Min. input limit: 0.000001 | Max. input limit: 90

Modification valid IMMEDIATELY ‘ Protection level: \ Unit: Degrees

Data type: DOUBLE \ Applies from SW 6.3

Meaning: This setting data is used to define the maximum tolerance for rotation of the tool orientation

for the compressor. The data determines the maximum legal angular displacement of the
tool rotation.

The data is only effective if an orientation transformation is active.

A rotation of the tool orientation is only possible on 6-axis machines.

Related to .... MD 20482: COMPRESSOR_MODE
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3-Axis to 5-Axis Transformation (F2)

4.3 System variable

4.3 System variable

System variable $P_TOOLO is available up to SW 6.4. This variable indicates
the end orientation of the block determined at the time of run-in.

SW 6.4 and higher The following channel/specific system variables are provided :

$AC_TOOLO_ACTIi], i=1,2,3

$AC_TOOLO_ENDJi], i=1,2,3

$AC_TOOLO_DIFF

$VC_TOOLOJi], i=1,2,3

$VC_TOOLO_DIFF

$VC_TOOLO_STAT

ith component of the vector of the current
setpoint orientation

ith component of the vector of the
end orientation of the current block

Remaining angle in degrees, i.e. this is the
angle between the vectors
$AC_TOOLO_END]i] and
$AC_TOOLO_ACTIi].

ith component of the vector of the
actual orientation

Angle in degrees between setpoint and
actual orientation

Status variable for actual orientation

The components of the vectors $AC_TOOLO_ACT]i], $AC_TOOLO_ENDJi] and
$VC_TOOLOYJi] of he orientation are normalized such that the orientation vector

has the value 1.

These system variables can be read by parts programs and in synchronous
actions. Write access is not permitted.

Status variable $VC_TOOLO_STAT shows whether the calculation for actual
orientation can be performed. The following values are possible:

0 : Actual orientation can be calculated
—1 : Actual orientation cannot be calculated, since currently active
transformation cannot calculate these values in real time.
The actual value of the tool optimization is not provided by all transformations in

real time.

Online tool length $AA_TOFF[Geo axis]
offset

$AA_TOFF_VAL[Geo axis]
$AA_TOFF_LIMIT[Geo axis]
$AA_TOFF_LIMIT[]=0:

$AA_TOFF_LIMIT[]=1:
$AA_TOFF_LIMIT[]=—1:

$AA_TOFF_PREP_DIFF []

Position offset in the
Tool Coordinate System (TCS)

Integrated position offset in (TCS)

Query whether tool length offset
value lies close to limit.

Offset not close to limit

Offset in positive direction reached
Offset in negative direction reached

Large difference between currently
active value of SAA_TOFF[ ] and the
value prepared as current motion block
motion block.

References: /PGA/, Programming Guide Production Planning,
List of system variables
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4.3 System variable

Notes
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04.00

3-Axis to 5-Axis Transformation (F2)

5.1 Channel-specific signals

Signal Descriptions

5.1 Channel-specific signals
DB21-30 Number of active G function of G function group 25 (tool orientation reference)
DBB232
Data block Signal(s) from channel (NCK — PLC)

Edge evaluation:

| Signal(s) updated: | Signal(s) valid from SW 2

Signal state 1 or signal
transition 0 —> 1

ORIWKS: The tool orientation is implemented in a workpiece coordinate system and is thus
not dependent on the machine kinematics. This is the default setting for SW1.1.

Signal state 0 or signal
transition 1—> 0

ORIMKS: The tool orientation is implemented in a machine coordinate system and is thus
dependent on the machine kinematics. This is the default setting with SW2.1 and higher.

DB21-30
DBX 33.6

Data block

Transformation active

Signal(s) from channel (NCK — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 1.1

Signal state 1 or signal
transition 0 —> 1

Active transformation

Signal state 0 or signal
transition 1—> 0

Transformation not (no longer) active

Signal irrelevant for ......

No transformation used

Further references

/PA/, Programming Guide Fundamentals

DB21 - DB30
DBX317.6

Data block

PTP traversal active

Signal(s) from channel (NCK -> PLC)

Edge evaluation: yes

Signal(s) updated:

Signal state 1
(or signal transition 0 — 1)

PTP travel active

Signal state 0
(or signal transition 1 —> 0)

CP travel active

Signal irrelevant for ...

No handling transformations active

Further references

FB Special Functions, F2
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5.1 Channel-specific signals

DB21 - DB30
DBX29.4

Data block

Activate PTP traversal

Signal(s) to channel (PLC—> NCK)

Edge evaluation: yes

Signal(s) updated:

Signal state 1
(or signal transition 0 — 1)

Activate PTP travel

Signal state 0
(or signal transition 1 —> 0)

Activate CP travel

Signal irrelevant for ...

No handling transformations active

Further references

FB Special Functions, F2

DB21 - DB30
DBX318.2

Data block

TOFF active

Signal(s) to channel (NCK—> PLC)

Edge evaluation: yes

Signal(s) updated:

Signal state 1
(or signal transition 0 — 1)

Activate online tool length offset

Signal state 0
(or signal transition 1 —> 0)

Reset online tool length offset

Signal irrelevant for ...

If the “Generic 5-axis transformation” option is not available and no handling trans-
formations are active.

Further references

FB Special Functions, F2

DB21 - DB30
DBX318.3

Data block

TOFF motion active

Signal(s) to channel (NCK—> PLC)

Edge evaluation: yes

Signal(s) updated:

Signal state 1
(or signal transition 0 — 1)

Activate offset motion

Signal state 0
(or signal transition 1 —> 0)

Deactivate offset motion

Signal irrelevant for ...

If the “Generic 5-axis transformation” option is not available and no handling trans-
formations are active.

Further references

FB Special Functions, F2
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03.96 3-Axis to 5-Axis Transformation (F2)
6.1 Example of a 5-axis transformation

Examples

6.1 Example of a 5-axis transformation

CHANDATA(1)

SMA_IS_ROT_AX[AX5] = TRUE
$MA_SPIND_ASSIGN_TO_MACHAX[AX5] =0
$MA_ROT_IS_MODULO[AX5] =0

;
; General 5—axis transformation

; Kinematics: 1. Rotary axis is parallel to Z
; 2. Rotary axis is parallel to X
; Movable tool

$MC_TRAFO_TYPE_1 =20
$MC_ORIENTATION_IS_EULER = TRUE

$MC_TRAFO_AXES_IN_1[0] = 1
$SMC_TRAFO_AXES_IN_1[1]=2
$MC_TRAFO_AXES_IN_1[2] =3
$MC_TRAFO_AXES_IN_1[3] =4
$SMC_TRAFO_AXES_IN_1[4]=5

$MC_TRAFO_GEOAX_ASSIGN_TAB_1[0]=1
$MC_TRAFO_GEOAX_ASSIGN_TAB_1[1]=2
$MC_TRAFO_GEOAX_ASSIGN_TAB_1[2]=3

$MC_TRAFO5_PART_OFFSET_1[0] = 0
$MC_TRAFO5_PART_OFFSET_1[1]=0
$MC_TRAFO5_PART_OFFSET_1[2] =0
$MC_TRAFO5_ROT_AX_OFFSET_1[0] =0

$MC_TRAFO5_ROT_AX_OFFSET_1[1]=0

$MC_TRAFO5_ROT_SIGN_IS_PLUS_1[0] = TRUE
$MC_TRAFO5_ROT_SIGN_IS_PLUS_1[1] = TRUE

$MC_TRAFO5_NON_POLE_LIMIT_1=2.0

$MC_TRAFO5_POLE_LIMIT_1=2.0

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/F2/6-115



3-Axis to 5-Axis Transformation (F2) 03.96
6.1 Example of a 5-axis transformation

$MC_TRAFO5_BASE_TOOL_1[0] = 0.0
$MC_TRAFO5_BASE_TOOL_1[1] = 0.0
$MC_TRAFO5_BASE_TOOL_1[2] =5.0

$MC_TRAFO5_JOINT_OFFSET_1[0] = 0.0
$MC_TRAFO5_JOINT_OFFSET_1[1] = 0.0
$MC_TRAFO5_JOINT_OFFSET_1[2] = 0.0

CHANDATA(1)
M17
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03.96

3-Axis to 5-Axis Transformation (F2)

6.1 Example of a 5-axis transformation

; Program example for general 5-axis transformation

; Definition of tool T1
$TC_DP1[1,1]= 10 ; Type
$TC_DP2[1,1]= O
$TC_DP3[1,1] =
$TC_DP4[1,1]
$TC_DP5[1,1]
$TC_DP6[1,1]
$TC_DP7[1,1]
$TC_DP8[1,1]
$TC_DP9[1,1] =
1
1
1

n
o

Y
, X
; Radius

$TC_DP10[1,1]
$TC_DP11[1,1]
$TC_DP12[1,1]

I
OCoo0o0O0O00OO00O

Approach initial position

; z Length compensation vector G17

N100 G1 x1 y0 z0 a0 bO F20000 G90 G64 T1 D1 G17 ADIS=.5 ADISPOS=3

; Orientation vector programming

N110 TRAORI(1)

N120 ORIWKS

N130 G1 G90
N140a3=0b3= 0c3=1x0
N150 a3=0b3= —1¢c3=0
N160a3=1b3= 0c3=0
N170a3=1b3= 0c3=1
N180a3=0b3= 1c3=0
N190a3=0b3= 0c3=1

; Euler angle programming

N200 ORIMKS

N210 G1 G90
N220a2= 0b2= 0 x0
N230a2= 0b2= 90
N240 a2 =90 b2 = 90
N250 a2 =90 b2 = 45
N260 a2 = 0 b2 =-90
N270a2= 0b2= 0

; Axis programming

N300 a0 b0 x0
N310 a45
N320 b30

© Siemens AG, 2002. All rights reserved
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6.1 Example of a 5-axis transformation

; TOFRAME

N400 GO a90 b90 x0 G90
N410 TOFRAME

N420 z5

N430 x3 y5

N440 GO a0 b0 x1 y0 z0 G90

N500 TRAFOOF
m30

© Siemens AG, 2002. All rights reserved
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6.2 Example of a 3-axis and 4-axis transformation

6.2 Example of a 3-axis and 4-axis transformation

6.2.1 Example of a 3-axis transformation

Example: The 3-axis transformation can be configured as follows for the machine shown in the schematic
diagram in Fig. 1-1:
$MC_TRAFO_TYPE_n =18
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[0

1=1
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[1]= 0
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[2] = 3

; Assignment of channel axes to geometry axes

$MC_TRAFO_AXES_IN_n[0] =1 ; X axis is channel axis 1
$MC_TRAFO_AXES_IN_n[1]=0 ; y axis is not used
$MC_TRAFO_AXES_IN_n[2] =3 ; Z axis is channel axis 3
$MC_TRAFO_AXES_IN_n[4]=0 ; There is no 2nd rotary axis

6.2.2 Example of a 4-axis transformation

Example: The 4-axis transformation can be configured as follows for a machine identical to the one illustrated in
Fig. 1-2, but with an additional axis (Y):

$MC_TRAFO_TYPE_n=18

$MC_TRAFO_GEOAX_ASSIGN_TAB_n[0

1=1
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[1]= 2
$MC_TRAFO_GEOAX_ASSIGN_TAB_n[2] = 3

$MC_TRAFO_AXES_IN_n[0] =1 ; X axis is channel axis 1
$MC_TRAFO_AXES_IN_n[1]=2 ; y axis is channel axis 2
$MC_TRAFO_AXES_IN_n[2] =3 ; Z axis is channel axis 3
$SMC_TRAFO_AXES_IN_n[4]=0 ; There is no 2nd rotary axis

© Siemens AG, 2002. All rights reserved
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6.2 Example of a 3-axis and 4-axis transformation

6.2.3 Set of machine data and parts program (extract)

Machine data for a 3-axis and 4-axis transformation
CHANDATA(1)

$MC_AXCONF_MACHAX_USEDI[0] = 1 ; Machine axes used
$MC_AXCONF_MACHAX_USED[1]=2

$MC_AXCONF_MACHAX_USED[2] =3

$MC_AXCONF_MACHAX_USEDI[3] = 4 ; With 4-axis transformation only
SMA_IS_ROT_AX[AX4] =1

; 3-axis transformation for moved tool and orientation in the XY plane
$SMC_TRAFO_TYPE_1=20

$SMC_TRAFO_GEOAX_ASSIGN_TAB_1[0] =1
$SMC_TRAFO_GEOAX_ASSIGN_TAB_1[1]=2
$MC_TRAFO_GEOAX_ASSIGN_TAB_1[2] =0

$MC_TRAFO_AXES_IN_1[0] = 1
$SMC_TRAFO_AXES_IN_1[1]=2

$MC_TRAFO_AXES_IN_1[2] =0 ; No 3rd translatory axis available
$MC_TRAFO_AXES_IN_1[3] =4 ; Rotary axis
$MC_TRAFO_AXES_IN_1[4]=0 ; No 2nd rotary axis, i.e. 3-axis transformation

; 4-axis transformation for moved workpiece and orientation in the XZ plane
$SMC_TRAFO_TYPE_1=234

$MC_TRAFO_GEOAX_ASSIGN_TAB_2[0] = 1
$MC_TRAFO_GEOAX_ASSIGN_TAB_2[1] =2
$MC_TRAFO_GEOAX_ASSIGN_TAB_2[2] = 3

$MC_TRAFO_AXES_IN_2[0] = 1
$MC_TRAFO_AXES_IN_2[1]=2

$MC_TRAFO_AXES_IN_2[2] =3 ; 3rd translatory axis available
$MC_TRAFO_AXES_IN_2[3] =4 ; Rotary axis
$MC_TRAFO_AXES_IN_2[4]=0 ; No 2nd rotary axis, i.e. 4-axis transformation
CHANDATA(1)

M17 ; End of machine data

Parts program (extract)

N10 $TC_DP1[1,1] = 10
N20 $TC_DP2[1,1] = 20
N30 $TC_DP3[1,1] = 1.0
N40 $TC_DP4[1,1] = 0.0
N50 $TC_DP5[1,1] = 0.0

N60 GO x0 y0 z0 a0 b0 cO F10000 G90 T0 DO

N70 TRAORI(1) ; Switch on 3-axis transformation

N80 a30 ; Axis programming, rotation 30 degrees
N90 a3=—0.5 b3=0.866025 c3=0.0 ; Progr. direction vector

N100 TRAFOOF() ; End of 3-axis transformation

N110 TRAORI(2) ; 2nd transformation defined in MD (4-axis)
N120 a45

N130 M30
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6.3 Example of a universal milling head

6.3 Example of a universal milling head

General The following two subsections show the main steps which need to be taken in

order to activate a transformation for the universal milling head.

Machine data

$MC_TRAFO_GEOAX_ASSIGN_TAB_1[0] = 1
$MC_TRAFO_GEOAX_ASSIGN_TAB_1[1] =2
$MC_TRAFO_GEOAX_ASSIGN_TAB_1[2] =3

; Angle of 2nd rotary axes

$MC_TRAFO5_NUTATOR_AX_ANGLE_1 =45

Program ; Definition of tool T1
$TC_DP1[1,1] = 120;
$TC_DP2[1,1] = 0;
$TC_DP3[1,1] = 20;
$TC_DP4[1,1]=8,;
$TC_DP5[1,1] = 5.;

TRAORI(1);
ORIMKS;

Type

Z length compensation vector G17
Y
X

Activation of transformation
Reference of orientation to MCS

GO X1 YO0 Z0 A0 BO F20000 G90 G64 T1 D1 G17

; Programming of directional vector

G1 G90

a3=0b3=1c3=0

; Programming in Euler angles

G1 G90

a2=0b2=0X0

; Programming of rotary axis motion

G1 X10 Y5 Z20 A90 C90

m30

References:
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6.4 Example for orientation axes (SW 5.3 and higher)

6.4 Example for orientation axes (SW 5.3 and higher)

Example 1:
3 orientation axes for the 1st orientation transformation for kinematics with 6
transformed axes. The axis must rotate first

* about the Z axis, then
® about the Y axis and finally again
® about the Z axis.

The tool vector must point in the X direction.

CHANDATA(1)
$MC_TRAFO5_TOOL_VECTOR_1=0 ;Tool vector in X direction
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[0]=4 ;Channel index 1st orient.
axis
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[1]=5  ;Channel index 2nd orient.
axis
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[2]=6 ;Channel index 3rd orient.
axis
$MC_ORIAX_TURN_TAB_1[0]=3 ;Z direction
$MC_ORIAX_TURN_TAB_1[1]=2 ;Y direction
$MC_ORIAX_TURN_TAB_1[2]=3 ;Z direction
CHANDATA(1)
M17

Zn Z’n A2

XDestination

Xln

Fig. 6-1 3 orientation axes for the 1st orientation transformation for kinematics with 6
transformed axes
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6.4 Example for orientation axes (SW 5.3 and higher)

Example 2:
3 orientation axes for the 2nd orientation transformation for kinematics with 5
transformed axes. The axis must rotate first

* about the X axis, then
* about the Y axis and finally
® about the Z axis.

The tool vector must point in the Z direction.

CHANDATA(1)
$MC_TRAFO5_TOOL_VECTOR_2=2 ;Tool vector in Z direction
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[0]=4 ;Channel index 1st orient.

axis
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[1]=5  ;Channel index 2nd orient.

axis
$MC_TRAFO5_ORIAX_ASSIGN_TAB_1[2]=0 ;Channel index 3rd orient.

axis
$MC_ORIAX_TURN_TAB_1[0]=1 ;X direction
$MC_ORIAX_TURN_TAB_1[1]=2 ;Y direction
$MC_ORIAX_TURN_TAB_1[2]=3 ;Z direction
CHANDATA(1)
M17

A Z
Z’
Z” CZ A
A2
B2 Y Y
B2
A2
L
Y
B2
A2
X
Xl
Xl!

Fig. 6-2 3 orientation axes for the 2nd orientation transformation for kinematics with 5
transformed axes

The rotation through angle C2 about the Z” axis is omitted in this case, because
the tool vector orientation can be determined solely from angles A2 and B2 and
no further degree of freedom is available on the machine.

References: /PGA/, Programming Guide Advanced
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6.5 Examples for orientation vectors (SW 5.3 and higher)

6.5 Examples for orientation vectors (SW 5.3 and higher)

6.5.1 Example for polynomial interpretation of orientation vectors

Orientation vector
in Z-X plane

PHI angle using
polynomial PHI

3/F2/6-124

The orientation vector is programmed directly in the examples below. The
movements of the rotary axes that result depend on the particular kinematics of
the machine.

N10 TRAORI

N20 POLY ; Polynomial interpolation is enabled.
N30 A3=0 B3=0 C3=1 ; Orientation in +Z direction (start vector)
N40 A3=1 B3=0 C3=0 ; Orientation in +X direction (end vector)

In N40, the orientation vector is rotated in the Z—X plane that is spanned from
the start and end vector. Here, the PHI angle is interpolated in a line in this
plane between the values 0 and 90 degrees (large circle interpolation).

The additional specification of the polynomials for the two angle PHI and PSI
means that the interpolated orientation vector can lies anywhere between the
start and end vector.

In contrast to the example above, the PHI angle is interpolated using the
polynomial PHI(u) = (90-10)u + 10*u2 between the values 0 and 90 degrees.

The PSI angle is not equal to zero and is interpolated as the polynomial
PSl(u) = —10*u + 10*u2.

The maximum “ilt” of the orientation vector from the plane between the start
and end vector is obtained in the middle of the block (u = 1/2).

N10 TRAORI

N20 POLY ; Polynomial interpolation is enabled.

N30 A3=0 B3=0 C3=1 ; Orientation in +Z direction (start vector)

N40 A3=1 B3=0 C3=0 PO[PHI]=(10) PO[PSI]=(10) ; in +X direction (end vector)

© Siemens AG, 2002. All rights reserved
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6.5 Examples for orientation vectors (SW 5.3 and higher)

6.5.2 Example for rotations of orientation vector (SW 6.1 and higher)

Rotations with In the following example, the angle of rotation is interpolated in linear fashion
angle of rotation from starting value 0 degrees to end value 90 degrees. The angle of rotation
THETA changes according to a parabola or a rotation can be executed without an
orientation change. The tool orientation is rotated from the Y direction to the X
direction.
N10 TRAORI ; Activate orientation transformation

N20 G1 X0 Y0 Z0 F5000 ;

; Tool orientation
N30 A3=0 B3=0 C3=1 THETA=0 ; in Z direction with angle of rotation 0
N40 A3=1 B3=0 C3=0 THETA=90 ; in X direction and rotation through 90 degrees
N50 A3=0 B3=1 C3=0 PO[THT]=(180,90) ;inY direction and rotation to 180 degrees
N60 A3=0 B3=1 C3=0 THETA=IC(-90) ; Remain constant and rotation to 90 degrees.

N70 ORIROTT ; Angle of rotation relative to the change in the
orientation.

N80 A3=1 B3=0 C3=0 THETA=30 ; Rotation vector at an angle of 30 degrees to
X-Y plane.

N40 Linear interpolation of angle of rotation from starting value 0 degrees to end
value 90 degrees.

N50 The angle of rotation changes from 90 degrees to 180 degrees according
to parabola 6(u) = 90 + 90u>.

N60 A rotation can also be programmed without an orientation change taking
place.

N80 The tool orientation is rotated from the Y direction to the X direction. The
orientation change takes place in the X-Y plane and the rotation vector
describes an angle of 30 degrees to this plane.
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6.6 Example of generic 5-axis transformation

6.6 Example of generic 5-axis transformation
(SW 5.2 and higher)

The following example is based on a machine with rotatable tool on which the
first rotary axis is a C axis and the second a B axis (CB kinematics, see Fig.
LEERER MERKER). The basic orientation defined in the machine data is the
bisecting line between the X and Z axes.

The relevant machine data are as follows:
CHANDATA (1)

$MC_TRAFO_TYPE_1 =24 ; General 5-axis transformation;
; Rotatable tool

$MC_TRAFO5_AXIS1_1[0] = 0.0
$MC_TRAFO5_AXIS1_1[1] = 0.0
$MC_TRAFO5_AXIS1_1[2] = 1.0 : 1st rotary axis is parallel to Z.

$MC_TRAFO5_AXIS2_1[0] = 0.0
$MC_TRAFO5_AXIS2_1[1]=1.0
$MC_TRAFO5_AXIS2_1[2] = 0.0 ; 2nd rotary axis is parallel to Y.

$MC_TRAFO5_BASE_ORIENT_1[0] = 1.0
$MC_TRAFO5_BASE_ORIENT_1[1] = 0.0
$MC_TRAFO5_BASE_ORIENT_1[2] = 1.0

M30
Example program:
N10 $TC_DP1[1,1]=120 ; End mill
N20 $TC_DP3[1,1]=0 ; Length compensation vector
N30
N40 ; Definition of toolholder
N50 $TC_CARR7[1] =1 ; Component of 1st rotary axis in X direction
N60 $TC_CARR11[1]=1 ; Component of 2nd rotary axis in Y direction
N70 $TC_CARR13[1]=-45 ; Angle of rotation of 1st axis
N80 $TC_CARR14[1]=0 ; Angle of rotation of 2nd axis
N90
N100 X0 YO Z0 B0 CO F10000 ORIWKS G17
N110 TRAORI() ; Selection of transf. basic orientation from

; machine data
N120 C3=1 ; Set orientat. parallel to Z = B-45 CO
N130 T1 D1 ; Basic orientation is now parallel to Z
N140 C3=1 ; Set orientat. parallel to Z = B0 CO
N150 G19 ; Basic orientation is now parallel to X
N160 C3=1 ; Set orientat. parallel to Z = B-90 C0O
N170 G17 TCARR=1 TCOABS ; Basic orientation is now bisecting line Y-Z
N180 A3=1 ; Set orientat. par. to X = B-90 C-135
N190 B3=1 C3=1 ; Orientat. par. to basic orientation = B0 C0O
N200 TRAORI(,2.0, 3.0, 6.0) ; Transfer basic orientat. in call
N210 A3=2 B3=3 C3=6 ; Orientat. par. to basic orientation = B0 C0O
N220 TOFRAME ; Z axis points in direction of orientation
N230 G91 Z7 ; Travel 7mm in new Z direction = X2 Y3 Z6
N240 C3=1 ; Orientat. par. to new Z axis = B0 CO
N250 M30
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3-Axis to 5-Axis Transformation (F2)

6.6 Example of generic 5-axis transformation

6.6.1 Example for modification of rotary axis motion (SW 6.1 and

higher)

The machine is a 5-axis machine of machine type 1 (two-axis inclinable head
with CA kinematics) on which both rotary axes rotate the tool (transformation
type 24). The first rotary axis is a modulo axis parallel to Z (C axis); the second
rotary axis is parallel to Y (B axis) and has a traversing range from -5 degrees
to +185 degrees.

To allow modification at any time, machine data
MD 21180: ROT_AX_SWL_CHECK_MODE contains the value 2.

N10 X0 YO0 Z0 BO CO

N20 TRAORI() ; Basic orientation, 5-axis transformation
N30 B-1 C10 ; Rotary axis positions B—1 and C10
N40 A3=—1 C3=1 ORIWKS ; Large circle interpolation in WCS

N50 M30

At the start of block N40 in the example program, the machine is positioned at
rotary axis positions B—1 C10. The programmed end orientation can be
achieved with either of the axis positions B—45 CO (1st solution) or B45 C180
(2nd solution).

The first solution is selected initially, because it is nearest to the starting
orientation and, unlike the second solution, can be achieved using large circle
interpolation (ORIWKS). However, this position cannot be reached because of
the axis limits of the B axis.

The second solution is therefore used instead, i.e. the end position is B45 C180.
The end orientation is achieved by axis interpolation. The programmed
orientation path cannot be followed.
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6.7 Compressor example for orientation (SW 6.3 and higher)

6.7

Task

3/F2/6-128

Compressor example for orientation (SW 6.3 and higher)

In the example program below, a circle approached by a polygon definition is
compressed. The tool orientation moves synchronously across the outside of a
taper. Although the sequence of programmed orientation changes is unsteady,
the compressor generates a smooth orientation movement.

DEF INT ANZAHL = 60
DEF REAL RADIUS = 20
DEF INT COUNTER

DEF REAL WINKEL

N10 G1 X0 YO F5000 G64

$SC_COMPRESS_CONTUR_TOL = 0.05 ; Maximum deviation
; of contour 0.05mm
$SC_COMPRESS_ORI_TOL =5 ; Maximum deviation

; of orientation 5 degrees

TRAORI
COMPCURV

; The movement describes a circle generated from polygons.
; The orientation moves across a taper about the
; Z axis with an angle of aperture of 45 degrees.

N100 X0 YO A3=0 B3=—1 C3=1

N110 FOR COUNTER = 0 TO ANZAHL

N120 WINKEL = 360 * COUNTER/ANZAHL

N130 X=RADIUS*cos(WINKEL) Y=RADIUS*sin(WINKEL)
A3=sin(WINKEL) B3=—cos(WINKEL) C3=1

N140 ENDFOR
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3-Axis to 5-Axis Transformation (F2)

Data

Fields, Lists

7.1 Interface signals

71 Interface signals
DB number ‘ Bit, byte ‘ Name Ref.
Channel-specific
21-30 33.6 Transformation active K1
21-30 232 Number of active G function of G function group 25
21-30 317.6 PTP traversal active TE4
21-30 29.4 Activate PTP traversal TE4
21-30 318.2 Activate online tool length offset
21-30 318.3 Activate correction movement
7.2 Setting data
Number ‘ Identifier Name Ref.
General ($SD_...)
41110 JOG_SET_VELO Geometry axes
41130 JOG_ROT_AX_SET_VELO Orientation axes
Channel-specific ($SC_...)
42475 COMPRESS_CONTOUR_TOL Max. contour deviation for compressor
42476 COMPRESS_ORI_TOL Max. angular displacement of tool orientation
for the compressor
42477 COMPRESS_ORI_ROT_TOL Max. angular displacement of tool rotation for
the compressor
42650 CART_JOG_MODE Coordinate system for Cartesian manual travel
(SW 6.3 and higher)
42970 TOFF_LIMIT Upper limit for offset value $AA_TOFF
(SW 6.4 and higher)
© Siemens AG, 2002. All rights reserved
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7.3 Machine data

7.3 Machine data

Number ‘ Identifier Name Ref.
General (SMN_...)
10620 EULER_ANGLE_NAME_TAB Name of Euler angles or names of orientation
axes
10630 NORMAL_VECTOR_NAME_TAB Name of normal vectors (SW 4.1 and higher)
10640 DIR_VECTOR_NAME_TAB Name of direction vectors (SW 4.1 and higher)
10642 ROT_VECTOR_NAME_TAB Name of rotating vectors (SW 6.1 and higher)
10644 INTER_VECTOR_NAME_TAB Name of intermediate vector component
10646 ORIENTATION_NAME_TAB Name for programming a second orientation
path (SW 6.1 and higher)
10648 NUTATION_ANGLE_NAME Name of orientation angle (SW 6.1 and higher)
10670 STAT_NAME Name of position information (SW 5.3 and
higher)
10672 TU_NAME Name of position information of axes
10674 PO_WITHOUT_POLY Allows Programming of PO[ ] without having to
activate POLY (SW 5.3 and higher)
Number Identifier Name Ref.

Channel-specific ($MC_ ...)

20150 GCODE_RESET_VALUESI[n]

Initial setting of G groups

20152 GCODE_RESET_MODE[n]

Setting after RESET/end of parts program

20482 COMPRESS_MODE

Compressor mode (SW 6.3 and higher)

20621 HANDWH_ORIAX_MAX_INCR_SIZE

Limitation of handwheel increment

20623 HANDWH_ORIAX_MAX_INCR_VSIZE

Orientation velocity overlay

21100 ORIENTATION_IS_EULER

Angle definition for orientation programming

21102 ORI_DEF_WITH_G_CODE

Definition of orientation angles A2, B2, C2

21104 ORI_IPO_WITH_G_CODE

Definition of interpolation type for orientation

21106 CART_JOG_SYSTEM

Coordinate system for Cartesian JOG (SW 6.3
and higher)

21108 POLE_ORI_MODE

Behavior during large circle interpolation at
pole position

21120 ORIAX_TURN_TAB_1[n]

Assignment of rotation of orientation axes
about the reference axes, definition 1
[n=0.2]

21130 ORIAX_TURN_TAB_2[n]

Assignment of rotation of orientation axes
about the reference axes, definition 2
[n=0.2]

21150 JOG_VELO_RAPID_ORI[n]

Rapid traverse in jog mode for orientation axes
in the channel [n =0..2]

21155 JOG_VELO_ORI[n]

Orientation axis velocity in jog mode [n = 0..2]

21160 JOG_VELO_RAPID_GEQIn]

Rapid traverse in jog mode for geometry axes
in the channel [n =0..2]

3/F2/7-130

© Siemens AG, 2002. All rights reserved

SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition
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7.3 Machine data

Number Identifier Name Ref.
21165 JOG_VELO_GEOQIn] Geometry axis velocity in jog mode [n =0..2]
21170 ACCEL_ORI[n] Acceleration for orientation axes

[n=0.2]
21180 ROT_AX_SWL_CHECK_MODE Check software limits for orientation axes
(SW 6.1 and higher)
21190 TOFF_MODE Effect of online offset in tool direction (SW 6.4
and higher)
21194 TOFF_VELO Velocity of online offset in tool direction
(SW 6.4 and higher)
21196 TOFF_ACCEL Acceleration of online offset in tool direction
(SW 6.4 and higher)
24100 TRAFO_TYPE_1 Definition of transformation 1 in channel
24110 TRAFO_AXES_IN_1[n] Axis assignment for transformation 1
[axis index]
24120 TRAFO_GEOAX_ASSIGN_TAB_1[n] Assignment geometry axis to channel axis for
transformation 1 [geometry no.]
24200 TRAFO_TYPE_2 Definition of transformation 2 in channel
24210 TRAFO_AXES_IN_2[n] Axis assignment for transformation 2
[axis index]
24220 TRAFO_GEOAX_ASSIGN_TAB_2[n] Assignment geometry axis to channel axis for
transformation 2 [geometry no.]
24300 TRAFO_TYPE_3 Definition of transformation 3 in channel
24310 TRAFO_AXES_IN_3[n] Axis assignment for transformation 3
[axis index]
24320 TRAFO_GEOAX_ASSIGN_TAB_3[n] Assignment geometry axis to channel axis for
transformation 3 [geometry no.]
24400 TRAFO_TYPE_4 Definition of transformation 4 in channel
24410 TRAFO_AXES_IN_4[n] Axis assignment for transformation 4
[axis index]
24420 TRAFO_GEOAX_ASSIGN_TAB_4[n] Assignment geometry axis to channel axis for
transformation 4 [geometry no.]
24430 TRAFO_TYPE_5 Definition of transformation 5 in channel
24432 TRAFO_AXES_IN_5[n] Axis assignment for transformation 5
[axis index]
24434 TRAFO_GEOAX_ASSIGN_TAB_5[n] Assignment geometry axis to channel axis for
transformation 5 [geometry no.]
24440 TRAFO_TYPE_6 Definition of transformation 6 in channel
24442 TRAFO_AXES_IN_6[n] Axis assignment for transformation 6
[axis index]
24444 TRAFO_GEOAX_ASSIGN_TAB_6[n] Assignment geometry axis to channel axis for
transformation 6 [geometry no.]
24450 TRAFO_TYPE_7 Definition of transformation 7 in channel
24452 TRAFO_AXES_IN_7[n] Axis assignment for transformation 7
[axis index]
24454 TRAFO_GEOAX_ASSIGN_TAB_7[n] Assignment geometry axis to channel axis for
transformation 7 [geometry no.]
24460 TRAFO_TYPE_8 Definition of transformation 8 in channel
24462 TRAFO_AXES_IN_8[n] Axis assignment for transformation 8
[axis index]
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7.3 Machine data
Number Identifier Name Ref.
24464 TRAFO_GEOAX_ASSIGN_TAB_8[n] Assignment geometry axis to channel axis for
transformation 8 [geometry no.]
24500 TRAFO5_PART_OFFSET_1[n] Offset vector of 5-axis transformation
1[n=0.2]
24510 TRAFO5_ROT_AX_OFFSET_1[n] Position offset of rotary axis 1/2 for 5-axis
transformation 1 [axis no.]
24520 TRAFO5_ROT_SIGN_IS_PLUS_1[n] Sign of rotary axis 1/2 for 5-axis
transformation 1 [axis no.]
24530 TRAFO5_NON_POLE_LIMIT_1 Definition of pole range for 5-axis
transformation 1
24540 TRAFO5_POLE_LIMIT_1 End angle tolerance with interpolation through
pole for 5-axis transformation 1
24550 TRAFO5_BASE_TOOL_1[n] Vector of base tool for activation of 5-axis
transformation 1 [n =0.. 2]
24560 TRAFOS5_JOINT_OFFSET_1[n] Vector of kinematic offset of 5-axis
transformation 1 [n =0.. 2]
24562 TRAFO5_TOOL_ROT_AX_OFFSET_1 Offset of the swivel point of the 1st 5-axis
transformation with swiveled linear axis.
24564 TRAFO5_NUTATOR_AX_ANGLE_1 Angle of 2nd rotary axis for the universal mill-
ing head
24570 TRAFO5_AXIS1_1 Vector for the first rotary axis and the first
orientation transformation (SW 5.2 and higher)
24572 TRAFO5_AXIS2_1 Vector for the second rotary axis and the first
orientation transformation (SW 5.2 and higher)
24574 TRAFO5_BASE_ORIENT_1 Basic orientation for the first orientation
transformation (SW 5.2 and higher)
24580 TRAFO5_TOOL_VECTOR_1 Direction of tool vector for orientation trans-
formation 1
24585 TRAFO5_ORIAX_ASSIGN_TAB_1[n] Assignment of orientation axes to channel
axes for orientation transformation 1 [n = 0.. 2]
24600 TRAFO5_PART_OFFSET_2[n] Offset vector of 5-axis transformation
2[n=0..2]
24610 TRAFO5_ROT_AX_OFFSET_2[n] Position offset of rotary axis 1/2 for 5-axis
transformation 2 [axis no.]
24620 TRAFO5_ROT_SIGN_IS_PLUS_2[n] Sign of rotary axis 1/2 for 5-axis
transformation 2 [axis no.]
24630 TRAFO5_NON_POLE_LIMIT_2 Definition of pole range for 5-axis
transformation 2
24640 TRAFO5_POLE_LIMIT_2 End angle tolerance with interpolation through
pole for 5-axis transformation 2
24650 TRAFO5_BASE_TOOL_2[n] Vector of base tool for activation of 5-axis
transformation 2 [n = 0.. 2]
24660 TRAFOS5_JOINT_OFFSET_2[n] Vector of kinematic offset of 5-axis
transformation 2 [n = 0.. 2]
24662 TRAFO5_TOOL_ROT_AX_OFFSET_2 Offset of the swivel point of the 2nd 5-axis
transformation with swiveled linear axis.
24664 TRAFO5_NUTATOR_AX_ANGLE_2 Angle of 2nd rotary axis for the universal
milling head
24670 TRAFO5_AXIS1_2 Vector for the first rotary axis and the second
orientation transformation (SW 5.2 and higher)
© Siemens AG, 2002. All rights reserved
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7.3 Machine data
Number Identifier Name Ref.
24672 TRAFO5_AXIS2_2 Vector for the second rotary axis and the
second orientation transformation (SW 5.2 and
higher)
24674 TRAFO5_BASE_ORIENT_2 Basic orientation for the second orientation
transformation (SW 5.2 and higher)
24680 TRAFO5_TOOL_VECTOR_2 Direction of tool vector for orientation
transformation 2
24685 TRAFO5_ORIAX_ASSIGN_TAB_2[n] Assignment of orientation axes to channel
axes for orientation transformation 2 [n = 0.. 2]
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7.4 Alarms

7.4 Alarms

A detailed description of the alarms which may occur is given in
References: /DA/, Diagnostics Guide

or in the online help of systems with MMC 101/102/103.
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Gantry Axes (G1)

1 Brief Description

Brief Description

Gantry axes

Application

Configurations

The “Gantry axes” function (see Section 3) allows two or more mechanically
coupled machine axes to be traversed simultaneously with no mechanical
offset.

With regards to operation and programming, the axes defined in the gantry
grouping are treated as if they were one machine axis (called “master” axis).

While the gantry axes are traversing, the control continuously monitors the
position actual values of the coupled axes to check whether the difference is still
within the specified tolerance range. When the actual position values of the
synchronized axes deviate too much from that of the master axis, the control
automatically shuts down all axes in the gantry grouping to prevent any damage
to the machine.

The purpose of the “Gantry axes” function is to control and monitor machine
axes which are rigidly coupled in this way.

Two feed drives are required to traverse the gantry on large gantry-type milling
machines, i.e. one drive with its own position measuring system on each side.
Owing to the mechanical forced coupling, both drives must be operated in
absolute synchronism to prevent canting of mechanical components.

A total of three gantry groupings can be defined. One gantry grouping consists
of a master axis and up to two synchronized axes.

© Siemens AG, 2002. All rights reserved
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1 Brief Description

Notes
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Gantry Axes (G1)

Detailed Description

2.1 “Gantry axes” function

2.1 “Gantry axes” function

Application

Terms

On large gantry-type milling machines, various axis units (e.g. gantry or
crossbeam; see Fig. 2-1) are moved in each case by a number of drives which
are mutually independent. Each drive has its own measuring system and thus
constitutes a complete axis system. When these mechanically rigidly coupled
axes are traversed, both drives must be operated in absolute synchronism in
order to prevent canting of mechanical components (resulting in power/torque

transmission).

The purpose of the “Gantry axes” function (see Chapter 3) is to control and
monitor machine axes which are rigidly coupled in this way.

The following terms are frequently used in this functional description:

Gantry axes:

Gantry axis grouping:

Master axis:

Synchronized axis:

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/G1/2-5

Gantry axes comprise at least one pair of axes, the
master axis and the slave axis. Since these are
mechanically coupled, they must always be traversed
simultaneously by the NC. The difference between the
actual positions of the axes is monitored continuously.
The axes in a gantry grouping are either all linear axes
or all rotary axes.

The gantry axis grouping defines which synchronized
axes are controlled by which master axis based on
machine data settings. The master and synchronized
axes cannot be traversed separately.

The master axis is the gantry axis which actually exists
from the point of the view of the operator and
programmer and can be controlled accordingly in the
same way as a normal NC axis. The axis name of the
master axis identifies all axes in the gantry axis
grouping.

The synchronized axis is the gantry axis of which the
setpoint position is always derived from the traversing
motion of the master axis. It therefore moves in exact
synchronism with the master axis. From the point of
view of the programmer and operator, the synchronized
axis “does not exist”.
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2.1 “Gantry axes” function

Axis definition

Conditions for a
gantry grouping

3/G1/2-6

Axial MD 37100: GANTRY_AXIS_TYPE must be set to define
* whether the axis belongs to a gantry grouping and, if yes, to which

* whether the axis is defined as a master axis or synchronized axis within
this grouping.

A total of up to 3 gantry groupings can be defined.

Each gantry grouping consists of one master axis and one or two
synchronized axes.

¢ A gantry grouping must not contain a spindle.
* A synchronized axis must not be a concurrent POS axis.
* A synchronized axis must not be addressed by a transformation.

* A synchronized axis must not be the slave axis in another type of axis
coupling.

* A synchronized axis must not be defined as the master axis in another axis
coupling.

Note

Each axis in the gantry grouping must be set such that it can take over the
function of master axis at any time, i.e. matching velocity, acceleration and dy-
namic response settings.

The control performs a plausibility check on the axis definition.

© Siemens AG, 2002. All rights reserved
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2.1 “Gantry axes” function

1. Gantry grouping

2. Gantry grouping

Fig. 2-1 Example: Gantry-type milling machine with 2 gantry groupings

Functional The “Gantry axes” function can be subdivided into the following functional units:
units 1. Setpoint generation of synchronized axis
2. Monitoring of actual value difference

3. Referencing and synchronization of master axis and synchronized axes.

Setpoint From the point of view of the operator, all coupled gantry axes are traversed as

generation of if only one axis, i.e. the master axis, were programmed in the NC. Analogously,

synchronized axis only the master axis is programmed in the parts program. The commands and
traverse requests from the operator, the PLC interface or via the parts program
therefore apply in equal measure to all axes in the gantry grouping.

When the “Gantry axes” function is active, the synchronized axis setpoint is
generated directly from the setpoint of the master axis in all operating modes.

Note

The dynamic control response of the master and synchronized axes must be
set identically.

© Siemens AG, 2002. All rights reserved
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2.1 “Gantry axes” function

Monitoring the The position actual values of the master and synchronized axes are
actual value continuously compared with one another in the interpolation clock cycle and
difference monitored to check that they are still within the permissible tolerance range.

Machine data can be set to specify the following limit values for alarm output
and termination of the traversing motion for specific axes:

¢ Gantry warning limit:
If the position actual value difference exceeds the gantry warning limit
(MD:37110: GANTRY_POS_TOL_WARNING), then the warning “Warning
limit exceeded” is output to the operator. Furthermore, the interface signal
(IS) “Gantry warning limit exceeded” (DB31, ... ; DBX101.3) is output to the
PLC. When the actual value difference drops below the warning limit again,
the alarm and IS are automatically canceled.

No message is output if O is set for MD 37110:
GANTRY_POS_TOL_WARNING.

* Gantry shutdown limit:
When the maximum permissible position actual value deviation for the
machine (MD 37120: GANTRY_POS_TOL_ERROR) is exceeded, alarm
10653 “Error limit exceeded” is output and the gantry axes stopped
immediately along the braking ramp to prevent any damage to the
mechanical components of the machine. The value in MD 37120:
GANTRY_POS_TOL_ERROR is applied when the gantry grouping is
synchronized. The alarm must be acknowledged with RESET. In addition, IS
“Gantry trip limit exceeded” (DB31, ... ; DBX101.2) is output to the PLC.

If the gantry axis grouping is not yet synchronized, the setting for the gantry
trip limit is derived from MD 37130: GANTRY_POS_TOL_REF (gantry trip
limit for referencing).

[
Gantry shutdown limit

| Synchronous grouping: GANTRY_POS_TOL_ERROR

Non-synchronous grouping: GANTRY_POS_TOL_REF

Y Gantry warning limit
GANTRY_POS_TOL_WARNING

Gantry shutdown limit exceeded is also activated if the gantry grouping is
jammed (no servo enable, gantry grouping in “Hold” state).

The monitoring functions are deactivated while the grouping is operating in
“Follow-up” mode.

© Siemens AG, 2002. All rights reserved
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Gantry Axes (G1)

Referencing and
synchronization of
gantry axes

Closed-loop
control

Response to
disturbances

Separation of
forced coupling

2.1 “Gantry axes” function

As the example “Gantry-type milling machine” shows (see Fig. 2-1), the forced
coupling between gantry axes must remain in tact in all operating modes as well
as immediately after power ON. In cases where an incremental measuring
system is being used for the master or the synchronized axis, the reference
point must be approached while maintaining the axis coupling immediately the
machine is switched on.

After every axis in the grouping has approached its reference point, any
misalignment which may exist between the axes must be eliminated (so-called
“gantry synchronization process”). Once all axes are synchronized, IS “Gantry
grouping is synchronized” (DB31, ... ; DBX101.5) is sent to the PLC.

The operational sequence for referencing and synchronizing gantry axes is
described in detail in Section 2.2.

The dynamic control response settings of the coupled gantry axes must be
identical (see Section 2.3). This ensures that the master and synchronized axes
traverse in positional synchronism even during acceleration and braking in
normal operation.

Load effects are compensated by the appropriate 611D drive of the master or
synchronized axis.

When a disturbance occurs which causes shutdown of one gantry axis owing,
for example, to cancellation of the controller enabling signal (example:
EMERGENCY STOP), all other coupled gantry axes are also shut down.

In certain situations (e.g. one gantry axis is no longer referenced owing to an
encoder failure), it may be necessary to correct or reduce the misalignment
between the gantry axes prior to referencing. To do this, it must be possible to
traverse the master or the synchronized axis manually in the uncoupled
state.

The forced coupling between the gantry axes can be separated by means of
MD 37140: GANTRY_BREAK_UP=1 (separate gantry grouping) followed by a
RESET. The gantry axes can then be traversed separately by hand; the
monitoring of the warning and trip limits is not operative in this state.

Caution

If the gantry axes remain mechanically coupled, there is a risk of damage
to the machine when the master or synchronized axes are traversed in
this operating state!

© Siemens AG, 2002. All rights reserved
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2.2 Referencing and synchronization of “gantry axes”

2.2 Referencing and synchronization of “gantry axes”

2.2.1 Introduction

Misalignment after
starting

Gantry
synchronization
process

Referencing
operation

3/G1/2-10

Immediately after the machine is switched on, the master and synchronized
axes may not be ideally positioned in relation to one another (e.g. misalignment
of a gantry). Generally speaking, this misalignment is relatively small so that the
gantry axes can still be referenced.

In special cases (e.g. gantry axes were stopped owing to a disturbance, power
failure or EMERGENCY STOP), the dimensional offset must be checked for
permissible tolerance values and a compensatory motion executed if necessary
before the axes are traversed.

To execute this compensatory motion, the gantry grouping must first be
separated by means of MD 37140: GANTRY_BREAK_UP.

All gantry axes must first be referenced and then synchronized after the control
system is switched on. During gantry synchronization, all gantry axes approach
the reference position of the gantry grouping in the decoupled state. The
reference position of the gantry grouping for referencing the gantry axes
corresponds to the reference position of the master axis (MD 34100:
REFP_SET_POS) or otherwise the current actual position of the master
axis.

These operations for referencing and synchronizing the gantry axes are
executed automatically in accordance with a special flowchart.

The flowchart for the referencing of gantry axes which use an incremental
measuring system is as follows:

Section 1: Referencing of master axis
Axis-specific referencing of the gantry axes is started by means
of IS “Traversing key plus/minus” (DB31, ...; DBX4.7/4.6) of the
master axis from the PLC user program when machine function
REF is active.

The master axis approaches the reference point (operational
sequence as for reference point approach (see References:
/FB/, R1 “Reference Point Approach”). The appropriate
synchronized axes traverse in synchronism with the master.

IS “Referenced/synchronized” of the master axis is output to
indicate that the reference point has been reached.

Section 2: Referencing of synchronized axes
As soon as the master axis has approached its reference point,
the synchronized axis is automatically referenced
(corresponding to reference point approach (see References:
/FB/, R1 “Reference Point Approach”). The dependency between
the master axis and synchronized axis is reversed in the control
for this phase so that the master now traverses in synchronism
with the synchronized axis.

© Siemens AG, 2002. All rights reserved
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2.2 Referencing and synchronization of “gantry axes”

IS “Referenced/synchronized” of the synchronized axis is output
to indicate that the reference point has been reached. The gantry
axis dependency then reverts to its previous status.

If a further synchronized axis is defined in the grouping, then this
is also referenced in the way described above.

Section 3: Gantry synchronization
Once all axes in the gantry grouping have been referenced, they
must be synchronized with the defined reference position. The
actual position of each gantry axis is first compared to the defined
reference position of the master axis.

The next step in the operating sequence depends on the
difference calculated between the actual values of the master and
synchronized axes:

a) Difference is lower than gantry warning limit (MD 37110:
GANTRY_POS_TOL_WARNING):

The gantry synchronization process is started automatically.
The message “Synchronization in progress gantry grouping x”
is output during this process.

All gantry axes traverse in the decoupled state at the
velocity set in MD 34040: REFP_VELO_SEARCH_MARKER
to the position value defined for the master axis in MD 34100:
REFP_SET_POS.

If the master axis uses absolute or distance-coded encoders,
the gantry axes traverse (according to setting in MD 34330:
REFP_STOP_AT_ABS_MARKER) either to the current actual
position of the master axis or to the reference point. For this
operation, the axes traverse at the same velocity as set for
reference point approach (MD 34070: REFP_VELO_POS
(reference point approach velocity).

As soon as all gantry axes have reached their target position
(ideal position), IS “Gantry grouping is synchronized” is set to
“1” followed by re-activation of the gantry axis coupling. The
position actual value of all axes in the gantry grouping must
now be identical. The gantry synchronization process is now
complete.

b) Difference is higher than the gantry warning limit for at least
one synchronized axis

IS “Gantry synchronization read to start” is set to “1” and the
message “Wait for synchronization start of gantry grouping x”
is output. The gantry synchronization process is not started
automatically in this case, but must be started explicitly by the
operator or from the PLC user program. The process is
initiated by IS “Start gantry synchronization” on the master
axis. The signal is set on the master axis. The operational
sequence is then the same as that described above.

The following flowchart gives a graphic illustration of the referencing and
synchronization processes.

© Siemens AG, 2002. All rights reserved
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2.2 Referencing and synchronization of “gantry axes”

Start referencing operation

Channel-specific
(with IS “Activate referencing” = 1 and “Ac-
tive machine function REF” = 1)
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(with IS “Traversing key +/—" =1 of
master axis and “Active machine
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Start “Referencing of
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Master axis approaches ref. point; syn-
chronized axis traverses in synchronism

(Internal start)

Synchronized axis approaches reference
point; master axis traverses in synchronism

[ Ref. pointapproached | - - - - - - - - - - - >

Section 1
Referencing of master axis
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Flowchart for referencing and synchronization of gantry axes
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Synchronization
run

Interruption of
process

Restarting gantry
synchronization
process

2.2 Referencing and synchronization of “gantry axes”

A synchronization run must always be performed
* after the reference point approach of all axes included in a grouping

* if the axes become de-synchronized (see below).

If the referencing process described above is interrupted as a result of
disturbances or a RESET, proceed as follows:

1. Abort within Section 1 or 2:
Approach reference point again with master axis (see Section 1)

2. Abort within Section 3:
In cases where the gantry axes are not yet referenced
(IS “Referenced/synchronized” = 1), the gantry synchronization process can
be started again with IS “Synchronize gantry grouping”.

Synchronization of the gantry axes can be started by means of IS “Start gantry
synchronization” under the following conditions only:

® Machine function JOG/REF must be active (IS “Active machine function
REF” (DB11, DBX5.2)

e |S (DB 31, ... DBX 101.5) “Gantry grouping is synchronized” = 0

* All axes in the group are within the tolerance or NST (DB 31, ... DBX 101.4)
“Gantry synchronization ready to start” = 1

* No axis is being referenced in the relevant NC channel (IS “Referencing
active” DB21-30, DBX33.0 = 0).

If the gantry synchronization process is not started from the referencing
process by means of IS “Start gantry synchronization”, then the reference
position (MD 34100: REFP_SET_POS) is not specified as the target position for
the synchronized axes, but instead the current actual position of the master
axis, which is approached by the axes in the uncoupled state.

Note

You can use IS DB31, ... DBX29.5 to interlock automatic synchronization for
the leading axis. This always makes sense if no axis enabling signal has yet
been issued for the axes. In this case, the synchronization process should also
be started explicitly with IS DB31, ... DBX 29.4 = 1.

© Siemens AG, 2002. All rights reserved
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2.2 Referencing and synchronization of “gantry axes”

Loss of
synchronization

Selection of
reference point

3/G1/2-14

The synchronization of the gantry grouping is lost (IS “Gantry grouping is
synchronized” — 0) if

* the gantry axes were in “Follow-up” mode

* the reference position of a gantry axis is lost, e.g. during “Parking” (no
measuring system active)

® one gantry axis is re-referenced (IS “referenced/synchronized” changes
to 0)

* the gantry grouping was invalidated (MD 37140: GANTRY_BREAK_UP)

In cases where the gantry grouping has lost synchronization during operation
as the result of a disturbance, then the gantry synchronization process can be
restarted directly by means of IS “Start gantry synchronization) (condition:

IS “Referenced/synchronized” = 1 for all axes in the grouping). In this case, the
synchronized axes approach the current actual position of the master axis in the
decoupled state.

(SW 5.3 and higher) If an Emergency Stop command is issued and then
canceled again for a moving gantry grouping, and the two axes have drifted
apart by less than the standstill tolerance of the slave axes, then the grouping is
automatically re-synchronized. It is no longer necessary to switch to REFP
mode. Automatic synchronization can be disabled via IS DBxx.DB29.5 of the
slave axis.

To ensure that the shortest possible paths are traversed when the gantry axes
are referenced, the reference point values of the master and synchronized axes
in MD 34100: REFP_SET_POS should be identical. Allowance for deviations in
distance between the zero mark and the reference point must be made for
specific axes via MD 34080: REFP_MOVE_DIST and MD 34090:
REFP_MOVE_DIST_CORR.

In the course of the referencing process, the reference point value of the master
axis is specified as the target position for all axes in the grouping for the
synchronization compensatory motion. This position is then approached without
axis coupling. If the master axis uses absolute or distance-coded encoders, the
gantry axes traverse (according to setting in MD 34330:
REFP_STOP_AT_ABS_MARKER) either to the current actual position of the
master axis or to the reference point.

If only one reference cam is used for the master and synchronized axes, then
this must be taken into account in the PLC user program.
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222 Automatic synchronization

Automatic synchronization can take place:
¢ In referencing mode (see 2.2.1).

* In other modes (SW 6 and higher) as described below.

If a gantry grouping is switched to follow-up mode, monitoring of the actual
values between the master and synchronized axes is disabled. The grouping is
no longer synchronized as a result. NST “Gantry grouping is synchronized”
(from leading axis, DB31, ... DBX101.5) is set to 0, independent of the positions
of the axes.

If the gantry grouping is switched from follow-up mode to position control mode,
axis synchronism is automatically restored provided the actual-value monitor
does not detect a difference between the positions of the master and
synchronized axes greater than the setting in MD 36030:
STANDSTILL_POS_TOL. In this case, a new setpoint is specified for the
synchronized axis (axes) without interpolation. The positional difference
detected earlier is then corrected by the position controller. The correction
causes only the synchronized axis (axes) to move.

The motional sequence of the synchronized axis (axes) is analogous to the
situation in which the grouping switches from the “Hold” state to position control
mode. In this case, the position specified by the position controller before the
grouping is halted is set again on condition that the zero speed monitor has not
activated alarm 25040 (with follow-up as alarm reaction) in the meantime.

The same tolerance window is used for this mode of automatic synchronization
as for the zero speed monitoring function: MD 36030: STANDSTILL_POS_TOL,
with MD 36012: STOP_LIMIT_FACTOR applied as a function of parameter set.

Note

The signal IS “No automatic synchronization run” DB31, ... DBX29.5 blocks
automatic synchronization in all modes, except for homing mode. If the auto-
matic synchronization is to be activated here, specify IS “No automatic syn-
chronization run” DB31, ... DBX29.5 = 0. Then switch one of the axes in the
gantry group from follow-up mode to position controlled mode. This is achieved
with:

IS “Follow-up mode” DB31, ... DBX1.4 =1 and
NST “Delete distance to go/spindle reset” DB31, ... DBX2.1 = 1 signal transition
from 1to 0 to 1”.
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measuring
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or absolute
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Activation of axis
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Special features

Different types of position measuring system can be mounted on the gantry
axes of a grouping. Furthermore, each gantry axis is capable of processing two
position measuring systems, it being possible to switch over from one system to
the other at any time (IS “Position measuring system 1/2” (DB31 ... DBX1.5 and
1.6)).

The maximum tolerance for position actual value switchover (MD 36500:
ENC_CHANGE_TOL) should be set to a lower value than the gantry warning
limit.

The two position measuring systems must, however, have been referenced
beforehand. The relevant measuring system must be selected before
referencing is initiated. The operational sequence is then the same as that
described above.

Gantry axes can also be referenced on a channel-specific basis by means of IS
“Activate referencing” (DB21-28, DBX1.0). The value of axial MD 34110:
REFP_CYCLE_NR of the master axis is used as the axis sequence for
channel-specific referencing. After the reference point of the master axis has
been reached, the synchronized axes are referenced first as described above.

The referencing and synchronization process for gantry axes can also be
initiated from the parts program by means of command G74. In this case, only
the axis name of the master axis may be programmed. The operational
sequence is analogous to that described for axis-specific referencing.

To avoid the necessity of traversing large distances to approach the reference
point, it is possible to use a position measuring system with distance-coded
reference marks as the sole or the second measuring system. In this way the
measuring system is referenced after traversal of a short path (e.g. 20 mm). The
procedure for referencing the gantry axes is the same as that described for
normal incremental measuring systems (References: /FB/, R1 “Reference Point
Approach”).

During the course of the synchronization compensatory motion, all axes in the
gantry axis grouping traverse to the reference point value of the master axis
defined in MD 34100: REFP_SET_POS in the decoupled state. If the master
axis uses absolute or distance-coded encoders, the gantry axes traverse
(according to setting in MD 34330: REFP_STOP_AT_ABS_MARKER) either to
the current actual position of the master axis or to the reference point.

Compensation functions can be activated for both the master axis and the
synchronized axes. Compensation values are applied separately for each
individual gantry axis. These values must therefore be defined and entered for
the master axis and the synchronized axes during start-up.

The compensations do not become operative internally in the control until the
axis is referenced or the gantry grouping synchronized. In this case, the
following applies:
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Compensation type

Takes effect when

PLC interface signal

Backlash compensation

Axis is referenced

“Referenced/Synchronized”

Leadscrew error

Axis is referenced

“Referenced/Synchronized”

compensation

Sag compensation Gantry grouping

is synchronized

“Gantry grouping
is synchronized”

Temperature
compensation

Gantry grouping
is synchronized

“Gantry grouping
is synchronized”

If a movement by the synchronized axis (axes) is caused by an active
compensation, a travel command is displayed for the synchronized axis (axes)
independently of the master axis.

Analogous to normal NC axes, the following monitoring functions do not take
effect for gantry axes until the reference point is reached
(IS “Referenced/synchronized”):

¢ Working area limitations
® Software limit switches
* Protection zones.

The axial machine data values are used as monitoring limit values for the
synchronized axes as well.

The cross-channel block search in Program Test mode (SERUPRO ”"Serch Run
by Program Test”) can be used to simulate the traversal of gantry axis
groupings in SW 6.2 and higher.

Note

For further information about the SERUPRO multi-channel block search please
refer to:
References /FB/, K1, "Mode Group, Channel, Program Operation”
2.4 Program testing
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3/G1/2-18

Owing to the forced coupling which is normally present between master and
synchronized gantry axes, the gantry axis grouping must be started up as if it
were an axis unit. For this reason, the axial machine data for the master and
synchronized axes must always be defined and entered jointly.

References: /IAD/, SINUMERIK 840D Installation and Start-Up Guide

Special points to be noted with regard to starting up gantry axes are described
below.

As part of the start-up procedure, a check must be made to ensure that the
direction of rotation of the motor corresponds to the desired traversing direction
of the axis (correct by means of axial MD 32100: AX_MOTION_DIR (traversing
direction)).

The following must be defined for the gantry axis in MD 37100:
GANTRY_AXIS_TYPE:

* To which gantry grouping (1, 2 or 3) the axis must be assigned.

* Whether it is to act as the master axis (single-decade MD value only) or as a
synchronized axis.

It must be noted for start-up purposes that the axes in a gantry grouping are all
declared as linear axes or all declared as rotary axes (MD 30300: IS_ROT_AX).

Table 2-1 Examples of definition of the gantry axis grouping:
MD: GANTRY_AXIS_TYPE Gantry axis Gantry grouping

0 None -
1 Master axis 1
1 Synchronized axis 1
2 Master axis 2
12 Synchronized axis 2
3 Master axis 3
13 Synchronized axis 3

For the purposes of monitoring the position actual value deviation between the
synchronized axis and the actual position of the master axis, the trip limit values
(MD: 37120 GANTRY_POS_TOL_ERROR or MD 37130:
GANTRY_POS_TOL_REF) must be entered for the master axis and for the
synchronized axis in accordance with the machine manufacturer’s data.
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Note

The control must then be switched off and then on again because the gantry
axis definition and the trip limit values only take effect after power ON.

Since the digital 611D drives respond well to disturbances and setpoint
changes, there is no need for a compensatory control between the gantry axes.
However, the gantry axes can only operate in exact synchronism if the
parameters for the control circuits of the master and synchronized axes are set
to the same dynamic response value.

To ensure the best possible synchronism, the master axis and synchronized
axis must be capable of the same dynamic response to setpoint changes.
The axial control loops (position, speed and current controllers) should each be
set to the optimum value so that disturbances can be eliminated as quickly and
efficiently as possible. The dynamic response adaptation function in the
setpoint branch is provided to allow differing dynamic responses of axes to be
matched without loss of control quality.

The following control parameters must be set to the optimum axial value for
both the master axis and the synchronized axis:

¢ Servo gain (MD 32200: POSCTRL_GAIN)

* Feedforward control parameters

MD 32620: FFW_MODE

MD 32610: VELO_FFW_WEIGHT

MD 32650: AX_INERTIA

MD 32800: EQUIV_CURRCTRL_TIME
MD 32810: EQUIV_SPEEDCTRL_TIME

References: /FB/, K3 “Compensations”

The following control parameters must be set to the same value for the master
axis and synchronized axis:

* Fine interpolator type (MD 33000: FIPO_TYPE)
* Axial jerk limitation

MD 32400: AX_JERK_ENABLE

MD 32410: AX_JERK_TIME

MD 32420: JOG_AND_POS_JERK_ENABLE
MD 32430: JOG_AND_POS_MAX_JERK

References: /FB/, G2 “Velocities, Setpoint/Actual Value Systems,
Closed-Loop Control”

The master axis and the coupled axis must be capable of the same dynamic
response to setpoint changes. The “same” dynamic response means: The
following errors are equal in magnitude when the axes are operating at the
same speed.

The dynamic response adaptation function in the setpoint branch makes it
possible to obtain an excellent match in the response to setpoint changes
between axes which have different dynamic characteristics (control loops). The
difference in equivalent time constants between the dynamically “weakest” axis
and the other axis in each case must be specified as the dynamic response
adaptation time constant.
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Example

Referencing of
gantry axes

Synchronization of
gantry axes

When the speed feedforward control is active, the dynamic response is primarily
determined by the equivalent time constant of the “slowest” speed control loop.

Master axis MD 32810: EQUIV_SPEEDCTRL_TIME [n] = 5ms
Synchronized axis MD 32810: EQUIV_SPEEDCTRL_TIME [n] = 3ms

— Time constant of dynamic response adaptation for synchronized axis:
MD 32910: DYN_MATCH_TIME [n] = 5ms — 3ms = 2ms

The dynamic response adaptation function must be activated axially by means
of MD 32900: DYN_MATCH_ENABLE.

Check of dynamic response adaptation:
The following errors of the master and synchronized axes must be equal in
magnitude when the axes are operating at the same speed!

For the purpose of fine tuning, it may be necessary to adjust servo gain factors
or feedforward control parameters slightly to achieve an optimum result.

The positions of the reference points of the master and synchronized axes must
first be set to almost identical values.

To ensure that the synchronization compensatory motion of the gantry axes is
not automatically started, the gantry warning limit (MD 37100:
GANTRY_POS_TOL_WARNING) must be set to 0 prior to referencing on initial
start-up. This will prevent the output of a warning message during the traversing
motion.

In cases where an excessively high additional torque is acting on the drives due
to misalignment between the master and synchronized axes, the gantry
grouping must be aligned before the axes are traversed.

The gantry axes must then be referenced as described in Section 2.2 and
References: /FB/, R1 “Reference Point Approach”.

After the master and synchronized axes have been referenced, the difference
between them must be measured (comparison of position actual value
indication in “Service axes” display of “Diagnosis” operating area). This
difference must be applied as the reference point offset (MD34080:
REFP_MOVE_DIST and MD 34090: REFP_MOVE_DIST_CORR).

The differences in distance between the zero mark and reference point must
also be calculated for each gantry axis and adjusted in MD 34080:
REFP_MOVE_DIST and MD 34090: REFP_MOVE_DIST_CORR in such a way
that the position actual values of the master and synchronized axes are
identical after execution of the compensatory motion.

The gantry synchronization process must be activated with IS “Start gantry
synchronization” (see Section 2.2). Once the axes have been synchronized
(IS “Gantry grouping is synchronized” = 1), the dimensional offset between the
master and synchronized axes must be checked to ensure that it equals 0.
Corrections may need to be made in the above-mentioned machine data.
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2.3 Start-up of “gantry axes”

Once the reference point values for the master and synchronized axes have
been set optimally so that the gantry axes are perfectly aligned with one another
after synchronization, the warning limit values for all axes must be entered in
MD 37110: GANTRY_POS_TOL_WARNING.

To do this, the value must be increased incrementally until the value is just
below the alarm (limit exceeded) response limit. It is particularly important to
check the acceleration phases.

This limit value also determines the position deviation value at which gantry
synchronization is automatically started in the control.

In cases where the gantry axes require compensation (backlash, sag,
temperature or leadscrew error), the compensation values for the master axis
and the synchronized axis must be calculated and entered in the appropriate
parameters or tables.

References: /FB/, K3 “Compensations”

Up to and including SW 3.1

The function generator and measuring function must only be activated for the
master axis in all software versions up to and including SW 3.1.

The synchronized axis automatically follows (by being coupled to the actual
value of the leading axis). If the zero speed control responds on the
synchronized axis, increase the size of the monitoring window temporarily.

Caution

Activation of the function generator and measuring function on the synchro-
nized axis or master and synchronized axis simultaneously is not prevented by
an internal monitor in software versions up to and including SW 3.1 but if used
incorrectly, can cause damage to the machine.

SW 3.2 and higher

In SW 3.2 and higher, activation of the function generator and measuring
function on the synchronized axis is canceled with an error message.

If it becomes necessary to activate the synchronized axis (e.g. to perform
measurements on the machine), the master axis and synchronized axis must
be exchanged temporarily.

If individual axes have to be activated, the gantry groups must be temporarily
canceled. As the second axis no longer travels in synchronism with the first
axis, the activated axis must not be allowed to traverse beyond the positional
tolerance.
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If the gantry grouping is canceled, the following points must be noted:

* Always activate the traversing range limits and set them to the lowest
possible values (position tolerance)

* Synchronize the gantry grouping first if possible and then execute a
POWER-ON-RESET without referencing the axes again. This ensures that
the traversing range limits always refer to the same position (i.e. that which
was valid on power ON).

* Avoid using the step-change function. Position step changes are only
permissible if they stay within the permitted tolerance.

* Always use an offset of 0 for the function generator and measuring function
in contrast to the recommendations for normal axes.

¢ Set the amplitudes for function generator and measuring function to such
low values that the activated axis traverses a shorter distance than the
position tolerance allows. Always activate the traversing range limits as a
check (see above).

References: /FBA/, DD2 “Speed control loop”

Note

As a supplement to the more general description given here of features of
start-up and dynamic control response of drives, a complete example of a con-
crete constellation defined on the basis of its machine data can be found in
Chapter 6.

SW 5.1 and higher

The start-up functions “Function generator’ and “Measurement” are
parameterized via Pl services, as in earlier SW. All parameterized axes
commence traversing when the NC Start key on the MCP panel is pressed in
JOG mode.

A window is displayed in the “Measuring function and function generator in
gantry grouping” operator interface. Two amplitude values, each with an offset
and bandwidth, must be entered in this window. The first amplitude value
applies to the measuring axis and the second to the other coupled axes.
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2.4 PLC interface signals for “gantry axes”

PLC interface signals for “gantry axes”

The special PLC interface signals of the coupled gantry axes are taken via the
axial PLC interface of the master or synchronized axes. Table 2-2 below shows

all special gantry-PLC interface signals and indicates whether the IS is
evaluated on the master or the synchronized axis.

Table 2-2 Assignment of gantry-PLC interface signals to master and synchronized axes
PLC interface signal PLC ~+NCK | DB31,...; DBX... Master axis Synchronized
axis
Start gantry synchronization — 294 X
No automatic synchronization process — 29.5 X
Gantry axis +— 101.7 1 1
Gantry master axis +— 101.6 1 0
Gantry grouping is synchronized +— 101.5 X
Gantry synchronization ready to start +— 101.4 X
Gantry warning limit exceeded +— 101.3 X
Gantry trip limit exceeded +— 101.2 X

Effect of the axial
IS on gantry axes

a) Axial interface signals from PLC to axis (PLC —> NCK)

The axial interface signals from the PLC to the axis are always referred to all

gantry axes in the grouping. In this case, all gantry axes (master and
synchronized axis) have equal priority.

If, for example, the IS “Controller enable” (DB31, ... ; DBX2.1) of the master
axis is set to “0”, then all axes in the gantry grouping are shut down at the
same instant.

Table 2-3 shows the effect of individual interface signals (from PLC to axis)
on gantry axes:

Table 2-3 Effect of interface signals from PLC to axis on master and synchronized axes
PLC interface signal DB31, ... ; DBX ... Effect on
Master axis Synchronized axis
Axis/spindle disable 1.3 On all axes in gantry No effect
grouping
Position measuring system 1/2 14and 1.5 Axial 1) Axial 1)
Controller enable 2.1 On all axes in gantry grouping 2)
Delete distance to go (axial) 2.2 Axial No effect
Clamping in progress 2.3 Axial Axial
Reference point value 1-4 2.4-2.7 Axial Axial
Feed stop 4.4 On all axes in gantry grouping
Hardware limit switch plus/minus 12.0and 12.1 Axial alarm: Brake request on all axes in
gantry grouping
2nd software limit switch plus/minus 12.2and 12.3 Axial Axial

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition

3/G1/2-23




Gantry Axes (G1)

09.95

2.5 Miscellaneous points regarding “gantry axes”

Table 2-3 Effect of interface signals from PLC to axis on master and synchronized axes
PLC interface signal DB31, ... ; DBX ... Effect on
Master axis Synchronized axis
Ramp-function generator fast stop (RFGFS) 20.1 On all axes in gantry grouping
Select drive parameter set 21.0-21.2 Axial Axial
Pulse enable 21.7 Axial Axial

all gantry axes.

axes.

1. IS “Position measuring system 1/2” (DB31, ... ; DBX1.5 and 1.6)
The signal for switchover between position measuring systems 1 and 2 applies individually for each gantry axis.
However, deactivation of both position measuring systems (called parked position) applies as a common signal for

2. 1S “Controller enable” (DB31, ... ; DBX2.1)
When the controller enabling signal of one gantry axis is canceled, then all axes in the gantry grouping are shut
down simultaneously. The method by which shutdown is implemented (e.g. with fast stop) is identical for all gantry

Depending on the IS “Follow-up mode” (DB31, ... ; DBX1.4), either the
“Follow-up” state (IS of one gantry axis = 1) or the “Stop” state (IS of all
gantry axes = 0) is activated for all gantry axes.

b) Axial interface signals from axis to PLC (NCK —> PLC)

Each of the axial, axis-to-PLC interface signals for the synchronized axis
and the master axis is always set on an axis-specific basis and output to the
PLC.

Example:
IS “Referenced/synchronized 1/2” (DB31, ... ; DBX60.4 or 60.5)

Exception:
When the master axis is traversing, IS “Traversing command plus or minus”
(DB31, ... ; DBX64.6 and 64.7) is also set for the synchronized axis.

2.5 Miscellaneous points regarding “gantry axes”

Manual traverse

Handwheel
override

DRF
offset

Programming in
parts program

3/G1/2-24

It is not possible to traverse a synchronized axis directly by hand in JOG mode.
Traverse commands entered via the traversing keys of the synchronized axis
are ignored internally in the control. Rotation of the handwheel for the
synchronized axis has no effect either.

An overriding motion by means of the handwheel can only be applied to the
master axis in coupled axis mode. In this case, the synchronized axes traverse
in synchronism with the master.

A DRF offset can only be applied to the master axis. In this case, the
synchronized axes traverse in synchronism with the master.

Only the master axis of a gantry axis grouping may be programmed in the parts
program. An alarm is generated when a synchronized axis is programmed.

© Siemens AG, 2002. All rights reserved
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2.5 Miscellaneous points regarding “gantry axes”

Only the master axis of the gantry grouping can be traversed from the PLC by
means of FC18 or as a command axis via synchronous actions.
References: /FB/, P3, “Basic PLC Program”

/FBSY/, Synchronized Actions

The PRESET function can only be applied to the master axis. All axes in the
gantry grouping are reevaluated internally in the control when PRESET is
activated. The gantry axes then lose their reference and synchronization (1S
“Gantry grouping synchronized” = “0”).

All axes in the gantry grouping are released automatically in response to a
RELEASE command (master axis).

The position actual value display shows the actual values of both the master
axis and the synchronized axes. The same applies to the service display values
in the “Diagnosis” operating area.

The SW limit switch monitor is processed for the master axis only. If the master
axis crosses the limit switch, all axes in the gantry grouping are braked to a
standstill.

The main differences between the gantry axes and coupled axes functions are
listed below:

* The axis coupling between the gantry axes must always be active. It is
therefore not possible to separate the axis coupling between “Gantry axes”
by means of the parts program. In contrast, the coupled axis grouping can
be separated by means of the parts program and the axes then traversed
individually.

* With “Gantry axes”, the difference between the position actual values of the
master and synchronized axes is continuously monitored and the traversing
motion terminated in response to illegal deviations. No such monitoring
takes place with the “Coupled axes” function.

* Gantry axes must remain coupled even during referencing. For this reason,
special procedures are applied for the reference point approach of gantry
axes. In contrast, “Coupled axes” are referenced as individual axes.

* To allow “Gantry axes” to traverse without a mechanical offset, the dynamic
control response settings of the synchronized axes and the master axis
must be identical. In contrast, the “Coupled axes” function permits axes with
different dynamic control response characteristics to be coupled.

References: /FB/, M3 “Coupled Axes”
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Notes
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3 Secondary Conditions

Supplementary Conditions

Availability of This function is an option and available for
“gantry axes” . . .
function ¢ SINUMERIK 840D with NCU 572/573, with SW2 and higher.

¢ SINUMERIK 810D with CCU 2, SW 2 and higher.
¢ SINUMERIK 810D with CCU1, SW 3.2 and higher.
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3 Secondary Conditions

Notes
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4.1 Axis-specific machine data

Data Descriptions (MD, SD)

4.1 Axis-specific machine data

37100
MD number

GANTRY_AXIS_TYPE
Gantry axis definition

Default setting: 0

| Min. input limit: 0 | Max. input limit: 13

Changes effective after power ON \ Protection level: 2/4 \ Unit: —

Data type: BYTE

| Applies from SW 2.1

Meaning:

The following must be defined with the axial MD: GANTRY_AXIS_TYPE in the form of a
two-decade value specification:
® Whether the axis belongs to a gantry grouping and if so, to which (1st decade)

® and whether the axis is declared within the grouping as a master axis (MD value has
only 1 decade) or as a synchronized axis (2nd decade is set to value 1)

2nd decade 1st decade
I_ Gantry axis type I_ Gantry axis grouping
(noentry):  Masteraxis 0: No gantry axis
1: Synchronized axis Gantry axis grouping 1

1:
2: Gantry axis grouping 2
3: Gantry axis grouping 3

A maximum total of 3 gantry axis groupings can be defined.

A gantry axis grouping has a master axis and at least one synchronized axis (a maximum

of two synchronized axes is possible).

Declaration conditions:

® All axes in a gantry axis grouping must be declared either as linear or as rotary axes
(MD 30300: IS_ROT_AX).
A spindle may not be declared within a gantry axis grouping.
A synchronized axis may not be declared either as a geometry axis or as a “concurrent
positioning axis”.

® A synchronized axis may not be declared as the master axis of another gantry
grouping.

The gantry axis definition is subjected to a plausibility check internally in the control; if it is
incorrectly parameterized, alarm 10650 “Incorrect gantry machine data” or 10651 “Gantry
unit undefined” is output.

MD irrelevant for ......

SINUMERIK FM-NC; SINUMERIK 840D with NCU 571

Application example(s)

0:  No gantry axis
1:  Axis is master axis in gantry grouping 1

11:  Axis is synchronized axis in gantry grouping 1
2:  Axis is master axis in gantry grouping 2

12:  Axis is synchronized axis in gantry grouping 2
3:  Axis is master axis in gantry grouping 3

13:  Axis is synchronized axis in gantry grouping 3

Special cases, errors, ......

Alarm 10650 “Incorrect gantry machine data” and 10651 “Gantry unit undefined” in
response to incorrect gantry axis definition.

Related to ....

MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit
MD 37120: GANTRY_POS_TOL_ERROR Gantry trip limit
MD 37130: GANTRY_POS_TOL_REF Gantry trip limit for referencing
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4.1 Axis-specific machine data

37110 GANTRY_POS_TOL_WARNING

MD number Gantry warning limit

Default setting: 0 | Min. input limit: 0 | Max. input limit: plus

Changes effective after RESET Protection level: 2/4 Unit:
Linear axis: mm
Rotary axis: Degrees

Data type: DOUBLE | Applies from SW 2.1

Meaning: Value >0

With gantry axes, the difference between the position actual values of the master and
synchronized axes is constantly monitored.

The MD: GANTRY_POS_TOL_WARNING is used to define a limit value for the position
actual value difference; when the limit is exceeded, warning 10652 “Warning limit excee-
ded” is output. However, the gantry axes are not shut down internally in the control. The
warning threshold must therefore be selected such that the machine can withstand the
position actual value deviation between the gantry axes without sustaining mechanical
damage.

Furthermore, IS “Gantry warning limit exceeded” (DB31, ... ; DBX101.3) to the PLC is set
to “1”. The PLC user program can thus initiate the necessary measures (e.g. program
interruption at block end) when the warning limit is exceeded.

As soon as the current position actual value difference has dropped below the limit again,
the message is canceled and interface signal “Gantry warning limit exceeded” reset.

Effect of gantry warning limit on gantry synchronization process:

The position actual value difference between the master and synchronized axes is deter-
mined during gantry synchronization. If the deviation is lower than the warning limit, the
synchronizing motion of the gantry axes is automatically started internally in the control.

The synchronizing motion must otherwise be initiated via the PLC interface (IS “Start
gantry synchronization process”).

Value =0

Setting MD: GANTRY_POS_TOL_WARNING to 0 deactivates the monitoring for viola-
tion of the warning limit.

Gantry synchronization is not initiated internally in the control.

MD irrelevant for ...... SINUMERIK FM-NC; SINUMERIK 840D with NCU 571
Special cases, errors, ...... Alarm 10652 “Warning limit exceeded” in response to violation of gantry warning limit.
Related to .... MD 37100: GANTRY_AXIS_TYPE Gantry axis definition
MD 37120: GANTRY_POS_TOL_ERROR Gantry trip limit
MD 37130: GANTRY_POS_TOL_REF Gantry trip limit for referencing
IS “Gantry warning limit exceeded” (DB31, ... ; DBX101.3)
IS "Start gantry synchronization run” (DB31, ... ; DBX29.4)
37120 GANTRY_POS_TOL_ERROR
MD number Gantry trip limit
Default setting: 0.0 | Min. input limit: 0 | Max. input limit: plus
Changes effective after power ON Protection level: 2/4 Unit:
Linear axis: mm
Rotary axis: Degrees
Data type: DOUBLE | Applies from SW 2.1
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4.1 Axis-specific machine data

37120 GANTRY_POS_TOL_ERROR
MD number Gantry trip limit
Meaning: With gantry axes, the difference between the position actual values of the master and syn-

chronized axes is constantly monitored. The MD: GANTRY_POS_TOL_ERROR. Monitor-
ing for violation of this limit value takes place only if the gantry axis grouping is already
synchronized (IS “Gantry grouping is synchronized” = 1); otherwise the value set in MD
37130: GANTRY_POS_TOL_REF is used.

When the limit value is exceeded, alarm 10653 “Error limit exceeded” is output. The gantry
axes are immediately shut down internally in the control to prevent any damage to the
machine.

In addition, IS “Gantry trip limit exceeded” to the PLC is set to “1”.

MD irrelevant for ......

SINUMERIK FM-NC; SINUMERIK 840D with NCU 571

Special cases, errors,

Alarm 10653 “Error limit exceeded” in response to violation of gantry trip limit.

Related to ....

MD 37100: GANTRY_AXIS_TYPE Gantry axis definition

MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit

MD 37130: GANTRY_POS_TOL_REF Gantry trip limit for referencing
IS “Gantry grouping is synchronized” (DB31, ... ; DBX101.5)

IS "Gantry trip limit exceeded” (DB31, ... ; DBX101.2)

37130
MD number

GANTRY_POS_TOL_REF
Gantry trip limit when referencing

Default setting: 0.0

\ Min. input limit: 0 \ Max. input limit: plus

Changes effective after power ON

Protection level: 2/4 Unit:
Linear axis: mm

Rotary axis: Degrees

Data type: DOUBLE

‘ Valid from SW 2.1

Meaning:

With gantry axes, the difference between the position actual values of the master and
synchronized axes are continuously monitored. The MD: GANTRY_POS_TOL_REF the
maximum permissible deviation in position actual values between the synchronized axis
and the master axis that is monitored if the gantry axis grouping is not yet synchronized
(IS “Gantry grouping is synchronized” = “0”) must be set.

When the limit value is exceeded, alarm 10653 “Error limit exceeded” is output. The gantry
axes are immediately shut down in the control to prevent any damage to the machine.

In addition, IS “Gantry trip limit exceeded” to the PLC is set to “1”.

MD irrelevant for ......

SINUMERIK FM-NC; SINUMERIK 840D with NCU 571

Special cases, errors,

Alarm 10653 “Error limit exceeded” in response to violation of gantry trip limit.

Related to ....

MD 37100: GANTRY_AXIS_TYPE Gantry axis definition
MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit
MD 37120: GANTRY_POS_TOL_ERROR Gantry trip limit

IS “Gantry grouping is synchronized” (DB31, ... ; DBX101.5)
IS "Gantry trip limit exceeded” (DB31, ... ; DBX101.2)

37140
MD number

GANTRY_BREAK_UP
Invalidate gantry axis grouping

Default setting: 0

| Min. input limit: 0 | Max. input limit: 1

Changes effective after RESET

| Protection level: 2/4 | Unit: -

Data type: BOOLEAN

| Applies from SW 2.1
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4.1 Axis-specific machine data

37140 GANTRY_BREAK_UP
MD number Invalidate gantry axis grouping
Meaning: GANTRY_BREAK_UP = “0”

The forced coupling of the gantry axis grouping remains valid. Monitoring of violation of the
gantry warning or trip limit is effective.

GANTRY_BREAK_UP = “1”

This cancels the forced coupling of the gantry grouping, thus allowing all gantry axes in
this grouping to be traversed individually by hand. The monitoring for violation of the gantry
warning or trip limit is deactivated. IS “Gantry grouping is synchronized” is set to “0”.

Caution:
In cases where the gantry axes are still mechanically coupled, the machine may
sustain damage in this operating state when the master or synchronized axis is

traversed!
The gantry axes cannot be referenced individually.
MD irrelevant for ...... SINUMERIK FM-NC; SINUMERIK 840D with NCU 571
Related to .... MD 37100: GANTRY_AXIS_TYPE Gantry axis definition
MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit
MD 37130: GANTRY_POS_TOL_REF Gantry trip limit for referencing
IS “Gantry grouping is synchronized” (DB31, ... ; DBX101.5)
IS "Gantry trip limit exceeded” (DB31, ... ; DBX101.2)
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5.1 Signals to axis/spindle

Signal Descriptions

5.1 Signals to axis/spindle
DB31,...; Start gantry synchronization
DBX29.4
Data block Signal(s) to NC (PLC — NC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

Request from PLC user program to synchronize the master axis with the assigned
synchronized axes (MD 37100: GANTRY_AXIS_TYPE) (i.e. all gantry axes approach the
reference position of the gantry grouping in the decoupled state).

Synchromzatlon of the gantry axes can be started only under the following conditions:
Machine function REF must be active
(IS “Active machine function REF” = “1”)

IS “Gantry grouping is synchronized” = “0”
IS “Gantry synchronization ready to start” = “1”

No axis is being referenced in the appropriate NC channel
(IS “Referencing active” = “0”)

Signal state 0 or signal
transition 1 —> 0

The PLC user program can then, for example, reset the interface signal to signal state “0”
on completion of gantry synchronization (IS “Gantry grouping is synchronized” = “1”).

If the IS is left continuously in state “1”, the gantry synchronization process would be
started automatically as soon as the above mentioned conditions are fulfilled.

Signal irrelevant for ......

Gantry synchronized axis

Application example(s)

If the deviation between the position actual values and the reference position is greater than
the gantry warning threshold after referencing, then automatic gantry synchronization is not
started and IS “Gantry synchronization ready to start” is set to “1”.

Synchronization of the gantry axes can be started by the user or the PLC user program
with 1S “Start gantry synchronization”.

Related to ....

IS “Gantry grouping is synchronized”

IS “Gantry synchronization run ready to start”
IS “Active machine function REF”

IS “Referencing active”

(DB31, ... ; DBX101.5)
(DB31, ... ; DBX101.4)
(DB11, DBX5.2)
(DB21-30, DBX33.0)
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5.1 Signals to axis/spindle

DB31, ... ; Start automatic synchronization

DBX29.5

Data block Signal(s) to NC (PLC — NC)

Edge evaluation: no Signal(s) valid from

SW5

Signal state 1 or signal transition 0 —> 1 No automatic synchronization process

Signal state 1 or signal transiton 1 —> 0 The automatic synchronization process is active

Signal irrelevant for ...... Gantry synchronized axis

Application example(s) The automatic synchronization process can be locked with a VDI
signal to the axial PLC — NC interface of the master axis. This
always makes sense when the axes are not activated per default.
In this case, the synchronization process should also be started
explicitly.
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3/G1/5-34 SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition



09.95

Gantry Axes (G1)

5.2

5.2 Signals from axis/spindle

Signals from axis/spindle

DB31,...;
DBX101.2
Data block

Gantry trip limit exceeded

Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

The difference between the position actual values of the master and synchronized axes has
exceeded the maximum permissible limit value. The axes in the gantry grouping are shut
down internally in the control. Alarm 10653 “Error limit exceeded” is output additionally.

The monitored limit value is derived from the following machine data:
® MD 37120: GANTRY_POS_TOL_ERROR if gantry grouping is synchronized-

® MD 37120: GANTRY_POS_TOL_REF if gantry grouping is not yet synchronized.

Note: IS “Gantry trip limit exceeded” is output to the PLC via the PLC interface of the

synchronized axis.

Signal state 0 or signal
transiton 1 —> 0

The difference between the position actual values of the master and synchronized axes is
still within the permissible tolerance range.

Signal irrelevant for ......

Gantry master axis

Related to .... MD 37120: GANTRY_POS_TOL_ERROR Gantry trip limit
MD 37130: GANTRY_POS_TOL_REF Gantry trip limit for referencing
IS “Gantry grouping is synchronized” (DB31, ... ; DBX101.5)

DB31, ...; Gantry warning limit exceeded

DBX101.3

Data block Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

The difference in the position actual values of the master and synchronized axes has
exceeded the limit value defined with MD 37110: GANTRY_POS_TOL_WARNING.

Message “Warning limit exceeded” is output additionally.

Note: IS “Gantry warning limit exceeded” is output to the PLC via the PLC

interface of the synchronized axis.

Signal state 0 or signal
transition 1 —> 0

The difference between the position actual values of master and synchronized axes is less
than the limit value defined with MD 37110: GANTRY_POS_TOL_WARNING.

Signal irrelevant for ......

Gantry master axis

Application example(s)

When the gantry warning limit is exceeded, the necessary measures (e.g. program
interruption at block end) can be initiated by the PLC user program.

Special cases, errors, ......

If MD 37110: GANTRY_POS_TOL_WARNING is set to zero, monitoring of the warning limit
is deactivated.

Related to .... MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit
DB31, ...; Gantry synchronization ready to start

DBX101.4

Data block Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

After gantry axis referencing, the monitoring function has detected that the position actual
value deviation between the master and synchronized axes is greater than the gantry
warning limit (MD: GANTRY_POS_TOL_WARNING). It is therefore not possible to start the
automatic synchronization compensatory motion of the gantry axes internally in the
control.

The compensatory motion must be started by the user or the PLC user program (IS “Start
gantry synchronization”). The signal is processed for the gantry master axis only.

© Siemens AG, 2002. All rights reserved

SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition

3/G1/5-35




Gantry Axes (G1)

09.95

5.2 Signals from axis/spindle

DB31,...;
DBX101.4
Data block

Gantry synchronization ready to start

Signal(s) to PLC (NC — PLC)

Signal state 0 or signal
transiton 1 —> 0

After the synchronization compensatory motion has been started by the PLC user program
(IS “Start gantry synchronization” = “1”).

Signal irrelevant for ......

Gantry synchronized axis

Related to .... MD 37110: GANTRY_POS_TOL_WARNING  Gantry warning limit
IS “Start gantry synchronization” (DB31, ... ; DBX29.4)
IS “Referenced/Synchronized 1/2” (DB31, ... ; DBX60.4 and 60.5)
DB31, ...; Gantry grouping is synchronized
DBX101.5
Data block Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

The gantry axis grouping defined with MD 37100: GANTRY_AXIS_TYPE is synchronized.
Any existing misalignment between the master and synchronized axes (e.g. after start-up
of the machine) is eliminated by the gantry axis synchronization process (see Section 2.3).
The synchronization process is initiated either automatically after referencing of the gantry
axes or via the PLC user program (IS “Start gantry synchronization”).

The compensation values for temperature and sag do not become effective internally in the
control until the gantry grouping is synchronized.

Note: IS “Gantry grouping is synchronized” is output to the PLC via the PLC interface

of the master axis.

Signal state 0 or signal
transiton 1 —> 0

The gantry axis grouping defined with MD 37100: GANTRY_AXIS_TYPE is not
synchronized which means that the positions of the master and synchronized axes may not
be ideally aligned (e.g. gantry misalignment).

Workpiece machining with a non-synchronized gantry axis grouping will result in impaired
machining accuracy or mechanical damage to the machine.

The gantry grouping becomes desynchronized if-
® the gantry axes were in “Follow-up” mode.

® the reference position of a gantry axis is no longer valid or the axis is referenced again
(IS “Referenced/synchronized”).

® the gantry grouping has been invalidated (via MD: GANTRY_BREAK_UP).

Signal irrelevant for ......

Gantry synchronized axis

Application example(s)

Machining should be enabled only if the gantry axes are already synchronized. This can be
implemented in the PLC user program by combining NC Start with IS “Gantry grouping is
synchronized”.

Related to .... IS “Start gantry synchronization” (DB31, ... ; DBX29.4)
IS “Referenced/Synchronized 1/2” (DB31, ... ; DBX60.4 and 60.5)
MD 37140: GANTRY_BREAK_UP Invalidate gantry axis grouping
DB31,...; Gantry master axis
DBX101.6
Data block Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

The axis is defined as the master axis within a gantry axis grouping (see MD 37100:
GANTRY_AXIS_TYPE).

Note: The following interface signals are evaluated or output to the PLC via the PLC
interface of the gantry master axis:
® |S “Start gantry synchronization” (DB31, ... ; DBX29.4)

® |S “Gantry grouping is synchronized” (DB31, ... ; DBX101.5)

3/G1/5-36
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Gantry Axes (G1)

5.2 Signals from axis/spindle

DB31,...;
DBX101.6
Data block

Gantry master axis

Signal(s) to PLC (NC — PLC)

Signal state 0 or signal
transiton 1 —> 0

The axis is defined as the synchronized axis within a gantry axis grouping (see
MD 37100: GANTRY_AXIS_TYPE).

It is not possible to traverse a synchronized axis directly by hand (in JOG mode) or to
program it in a parts program.

Note: The following interface signals are output to the PLC via the PLC interface of
the gantry synchronized axis:
® IS “Gantry warning limit exceeded” (DB31, ... ; DBX101.3)-
® IS “Gantry trip limit exceeded” (DB31, ... ; DBX101.2)

The NCK does not evaluate individual axial PLC interface signals for the
synchronized axis (see Table 2-3)

Related to .... MD 37100: GANTRY_AXIS_TYPE Gantry axis definition
IS “Gantry axis” (DB31, ... ; DBX101.7)

DB31,...; Gantry axis

DBX101.7

Data block Signal(s) to PLC (NC — PLC)

Edge evaluation: no

| Signal(s) updated: Cyclically | Signal(s) valid from SW 2.1

Signal state 1 or signal
transition 0 —> 1

The axis is defined as a gantry axis within a gantry axis grouping (see MD 37100:
GANTRY_AXIS_TYPE).

On the basis of IS “Gantry master axis”, the PLC user program can detect whether the axis
is declared as a master or synchronized axis.

Signal state 0 or signal
transition 1 —> 0

The axis is not defined as a gantry axis (see MD: GANTRY_AXIS_TYPE).

Related to ....

MD 37100: GANTRY_AXIS_TYPE
IS “Gantry master axis”

Gantry axis definition
(DB31, ... ; DBX101.6)
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5.2 Signals from axis/spindle

Notes
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6.1 Creating a gantry grouping

Example

6.1 Creating a gantry grouping

Introduction The gantry grouping, the referring of its axes, the orientation of possible offsets
and, finally, the synchronization of the axes involved are complicated
procedures. The individual steps involved in the process are explained below
by an example constellation.

Constellation Machine axis 1 = gantry master axis Incremental measuring system
Machine axis 3 = gantry synchronized axis  Incremental measuring system

Machine data The following machine data describe the original values at the beginning of the
procedure. Individual settings must be corrected or added later according to the
information below.

Gantry machine data

Axis 1

MD 37100: GANTRY_AXIS_TYPE =1

MD 37110: GANTRY_POS_TOL_WARNING =0

MD 37120: GANTRY_POS_TOL_ERROR =e.g. Imm

MD 37130: GANTRY_POS_TOL_REF =e.g. 100mm
(max. skew)

MD 37140: GANTRY_BREAK_UP =0

Axis 3

MD 37100: GANTRY_AXIS_TYPE =1

MD 37110: GANTRY_POS_TOL_WARNING =0

MD 37120: GANTRY_POS_TOL_ERROR =e.g. Imm

MD 37130: GANTRY_POS_TOL_REF =e.g. 100mm
(max. skew)

MD 37140: GANTRY_BREAK_UP =0

Reference point machine data (for first encoder in each case)

Axis 1

MD 34000: REFP_CAM_IS_ACTIVE =TRUE

MD 34010: REFP_CAM_DIR_IS_MINUS =e.g. FALSE

MD 34020: REFP_VELO_SEARCH_CAM =

MD 34030: REFP_MAX_CAM_DIST = equals max.

travel path

MD 34040: REFP_VELO_SEARCH_MARKER =

MD 34050: REFP_SEARCH_MARKER_REVERSE = e.g. FALSE

MD 34060: REFP_MAX_MARKER_DIST = difference betw. cam
edge and 0 mark

MD 34070: REFP_VELO_POS =

MD 34080: REFP_MOVE_DIST =0

MD 34090: REFP_MOVE_DIST_CORR =0
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6.2 Setting of NCK PLC interface

MD 34092: REFP_CAM_SHIFT =0
MD 34100: REFP_SET_POS =0
MD 34200: ENC_REFP_MODE =1

The reference point machine data (for the first encoder) of axis 3 must be
specified analogously.

6.2 Setting of NCK PLC interface

Introduction An automatic synchronization process during axis referencing must be disabled
initially so as to prevent any damage to grouping axes that are misaligned.

Disabling of The user PLC routine sets:
automatic DB31, ...;DBX29.4=0
synchronization DB3f1, ...; DBX29.5 =1

for the axis data block of axis 1

7 4 0
X X 1 0 X X X X
L [ [ 1 | |
x: Not relevant Do not start gantry synchronization

L No automatic synchronization process

The NCK sets the following as a confirmation in the axis block of axis 1:
DB31, ... ; DBB101:

L Gantry synchronization not ready to start
Master axis LA
Gantry axis

x: Not relevant

The user PLC routines sets:
DB31, ...; DBX 29.4=0
for the axis data block of axis 3
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6.3 Commencing start-up

7 4 0
X X X 0 X X X X
L [ [ 1 | |
x: Not relevant |_ Do not start gantry synchronization

The NCK sets the following as a confirmation in the axis block of axis 3:
DB31, ... ; DBB101:

|— Gantry synchronization not ready to start

Synchronized axis GA

) x: Not relevant
Gantry axis

6.3 Commencing start-up

Referencing The following steps must be taken:
1. Select “REF* operating mode
2. Start referencing for axis 1 (master axis)

3. Wait until message “10654 Channel 1 Waiting for synchronization start’
appears.

At this point in time, the NCK has prepared axis 1 for synchronization and
signals this state via IS DB31, ..., DBB101 with:

|— Gantry synchronization ready to start

Master axis LA
Gantry axis

x: Not relevant

4. RESET

5. Read off values in machine coordinate system:
E.g. X=0.941
Y =0.000
XF =0.000
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6.3 Commencing start-up

6. Enter the X value of master axis 1 with inverted sign in MD 34090:
REFP_MOVE_DIST_CORR of slave axis 3:

REFP_MOVE_DIST_CORR = - 0.941

Note

This MD is effective after power ON. To avoid having to perform a power ON
now, the value can also be entered in MD 34080 REFP_MOVE_DIST. The MD

is then valid after a RESET.

7. Start referencing again for axis 1 (master axis) with the modified machine
data

8. Wait until message “10654 Channel 1 Waiting for synchronization start’
appears.

At this point in time, the NCK has prepared axis 1 for synchronization and
signals this state via IS DB31, ... ; DBB101 with:

Gantry synchronization ready to start
Master axis LA
Gantry axis

x: Not relevant

9. Examine actual positions of machine. Case A or B might apply:

A1 A3 A1 A3
O>fp---------- <0 O>p--p----
J_ diff
------ <0
R>[--------- <R
Case A Case B

Fig. 6-1 Possible results after referencing of axis 1 (master axis)
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6.4

Procedure

6.4 Setting warning and trip limits

If Case A applies, the synchronization process can be started immediately. See

Step 10.

If Case B applies, the offset “diff” must be calculated and taken into account:

a) Measurement of diff

b) The positional difference can be traversed in JOG mode thanks to two
reference points R’ and R” positioned at right angles on the machine base
(on right in diagram). The offset diff can then be read off as a deviation from
the positional display.

Offset diff must be entered in MD 34100: REFP_SET_POS of axis 3

(synchronized axis). Continue with Step 1 (see above).

10. Start gantry synchronization. The PLC sets:
DB31, ... ; DBX 29.4=1

Setting warning and trip limits

As soon as the gantry grouping has been set and synchronized, machine data
MD 37110: GANTRY_POS_TOL_WARNING and

MD 37120: GANTRY_POS_TOL_ERROR

have still to be set to appropriate values.

— Set MD 37120: GANTRY_POS_TOL_ERROR to a high value for all axes
initially.

— Enter a very low value in MD 37110: GANTRY_POS_TOL_WARNING.If you
now subject the axes to a high dynamic load, self-resetting alarm:
“10652 Channel %1 axis %2 Gantry warning limit exceeded” should be
output repeatedly.

— Now increase the setting in MD 37110: GANTRY_POS_TOL_WARNING
until the alarm no longer appears. The interface indicates the status
specified below. (This must occur within a window that is reasonable for
production purposes).If the monitoring function is only activated very
sporadically, it is possible to program an edge trigger flag in the user PLC
program.

L Gantry trip limit not exceeded
L Gantry warning limit is not exceeded
L Gantry synchronization cannot be started

L Gantry grouping is synchronized

|— Master axis LA

. x: Not relevant
Gantry axis

— Enter the value obtained for the warning limit + a small safety margin in
MD 37120: GANTRY_POS_TOL_ERROR.
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6.4 Setting warning and trip limits

Error limit values

3/G1/6-44

The ratios between the values stored in machine data

MD 37110: GANTRY_POS_TOL_WARNING

MD 37120: GANTRY_POS_TOL_ERROR

MD 37130: GANTRY_POS_TOL_REF

should be as follows at the end of the adjustment process:

_ GANTRY_POS_TOL_WARNING
I GANTRY_POS_TOL_ERROR
] GANTRY_POS_TOL_REF

The system expects the error windows to have the proportions shown above. If
GANTRY_POS_TOL_ERROR and GANTRY_POS_TOL_REF are smaller than
GANTRY_POS_TOL_WARNING, this monitoring is not active!
GANTRY_POS_TOL_WARNING = 0 can be set to disable the monitoring
functions for the warning limit.

GANTRY_POS_TOL_REF must be set to allow for the maximum possible
leadscrew error compensation value.

Note

The same procedure must be followed when starting up a gantry grouping in
which the coupled axes are driven by linear motors and associated measuring
systems.

Note

The error limits entered in MD 37110: GANTRY_POS_TOL_WARNING and
MD 37120: GANTRY_POS_TOL_ERROR are considered as additional toler-
ance values of the actual-value difference of the master and following axis if the
IS “Gantry is synchronous” is not present (e.g. to be resynchronized after can-
celing alarms without gantry).

© Siemens AG, 2002. All rights reserved
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Gantry Axes (G1)

Data Fields, Lists

7.1

Interface Signals

7.1 Interface Signals
DB number ‘ Bit, byte ‘ Name ‘ Ref.
General
1-14 ‘ 5.2 ‘ Active machine function REF ‘ R1
Channel-specific
21-28 ‘ 33.0 ‘ Referencing active ‘ R1
Axis/spindle-specific
31, ... 60.4, 60.5 Referenced/synchronized 1, referenced/synchronized 2 R1
31, ... 294 Start gantry synchronization
31, ... 295 No automatic synchronization process
31, ... 101.2 Gantry trip limit exceeded
31, ... 101.3 Gantry warning limit exceeded
31, ... 101.4 Gantry synchronization ready to start
31, ... 101.5 Gantry grouping is synchronized
31, ...; 101.6 Gantry master axis
31, ...; 101.7 Gantry axis
© Siemens AG, 2002. All rights reserved
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7.2 Machine data

7.2 Machine data
Number ‘ Identifier Name Ref.
Axis/spindle-specific($MA_ ...)
30300 IS_ROT_AX Rotary axis R2
32200 POSCTRL_GAIN Servo gain factor G2
32400 AX_JERK_ENABLE Axial jerk limitation B2
32410 AX_JERK_TIME Time constant for axis jerk filter B2
32420 JOG_AND_POS_JERK_ENABLE | Basic setting of axis jerk limitation B2
32430 JOG_AND_POS_MAX_JERK Axial jerk B2
32610 VELO_FFW_WEIGHT Feedforward control factor for speed feedforward control K3
32620 FFW_MODE Feedforward control mode K3
32650 AX_INERTIA Moment of inertia for torque feedforward control K3
32800 EQUIV_CURRCTRL_TIME Equivalent time constant, current control loop for feedfor- K3
ward control
32810 EQUIV_SPEEDCTRL_TIME Equivalent time constant, speed control loop for feedfor- K3
ward control
32910 DYN_MATCH_ENABLE Dynamic response adaptation G2
32910 DYN_MATCH_TIME Time constant for dynamic response adaptation G2
33000 FIPO_TYPE Fine interpolator type G2
34040 REFP_VELO_SEARCH_MARKER | Creep velocity R1
34070 REFP_VELO_POS Reference point approach velocity R1
34080 REFP_MOVE_DIST Reference point approach distance R1
34090 REFP_MOVE_DIST_CORR Reference point offset R1
34100 REFP_SET_POS Reference point value R1
34110 REFP_CYCLE_NR Axis sequence for channel-specific referencing R1
34330 REFP_STOP_AT_ABS_MARKER | Distance-coded linear measurement system without target R1
point
36012 STOP_LIMIT_FACTOR Exact stop coarse/fine factor and zero speed B1
36030 STANDSTILL_POS_TOL Zero speed tolerance A3
36500 ENC_CHANGE_TOL Maximum tolerance for position actual value switchover G2
37100 GANTRY_AXIS_TYPE Gantry axis definition
37110 GANTRY_POS_TOL_WARNING Gantry warning limit
37120 GANTRY_POS_TOL_ERROR Gantry trip limit
37130 GANTRY_POS_TOL_REF Gantry trip limit for referencing
37140 GANTRY_BREAK_UP Invalidate gantry axis grouping
7.3 Alarms
A detailed description of the alarms which may occur is given in
References: /DA/, Diagnostics Guide
or in the online help in systems with MMC 101/102/108.
|
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SINUMERIK 840D/840Di
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Cycle Times (G3)
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Notes
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12.01 Cycle Times (G3)
1 Brief Description

Brief Description

810D and 840D The SINUMERIK 840D to NCU 572 and 810D with CCU derive both the

without PROFIBUS position control cycle and the interpolator cycle (IPO cycle) from the system
clock cycle.

840Di and 840D The SINUMERIK 840Di derives the position control cycle and the interpolator

with PROFIBUS cycle from the system clock cycle. The system clock cycle is defined by the

PROFIBUS DP cycle for a SINUMERIK 840Di, which is set in the SIMATIC S7
project loaded in the PLC.

With Software release SW 6.4 and an NCU 573.2 or higher it is possible to
operate a PROFIBUS DP via the hardware module “Link module”. In this case,
the SINUMERIK 840D has two PROFIBUS DP interfaces and similar
restrictions apply as for SINUMERIK 840Di.

The following description explains the interrelations and the machine data of
these cycle times.

© Siemens AG, 2002. All rights reserved
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1 Brief Description

Notes
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Cycle Times (G3)

2.1 General cycle times

Detailed Description

2.1

Definition

General cycle times

The system clock cycle, position control cycle and interpolator cycle are defined
in the following machine data.

MD 10050: SYSCLOCK_CYCLE_TIME System clock cycle

MD 10060: POSCTRL_SYSCLOCK_TIME_RATIO Factor for position control
cycle

MD 10070: IPO_SYSCLOCK_TIME_RATIO Factor for interpolator
cycle

MD 10050: SYSCLOCK_CYCLE_TIME sets the system clock cycle for the
system software in seconds. The other cycles are multiples of the system clock
cycle.

System clock cycle
MD: SYSCLOCK_CYCLE_TIME

v

v L 4
* *
MD: POSCTRL_SYSCLOCK_TIME_RATIO MD: IPO_SYSCLOCK_TIME_RATIO
Position control cycle Interpolator cycle

Fig. 2-1 Derivation of cycle times

Note

On MD 10050 SYSCLOCK_CYCLE_TIME
The system clock cycle is entered in s.

On MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO
The position control cycle is entered as a factor of the system clock cycle.

On MD 10070 IPO_SYSCLOCK_TIME_RATIO
The interpolator cycle is entered as a factor of the system clock cycle.

© Siemens AG, 2002. All rights reserved
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2.1 General cycle times

Cycle times The default settings ensure that a maximum configuration of the system can
defaults power up reliably. The cycle times, e.g. for the NCU 573, can generally be set to
lower values.
The cycle time default settings are as follows:
Cycle 810D 840D 840D 840D Setting via MD
CCuU NCU 571 NCU 572 NCU 573
System clock 2.5ms 6ms 4ms 4* [ 8*ms SYSCLOCK_CYCLE_TIME
cycle
Position control | 2.5ms 6ms 4ms 4* [ 8*ms POSCTRL_SYSCLOCK_TIME_RATIO
cycle
Interpolator 10ms 18ms 12ms 12" / 40*ms IPO_SYSCLOCK_TIME_RATIO
cycle

With 2 channels and 12 axes
#*  With > 2 channels

General example
of cycle setting

3/G3/2-6

The machine data for the cycle times are assigned as follows:

IfMD...=...

then the ... = ...

SYSCLOCK_CYCLE_TIME = 0.002

System clock cycle = 2ms

POSCTRL_SYSCLOCK_TIME_RATIO =1

Position control cycle =2 ms (1- 2ms)

IPO_SYSCLOCK_TIME_RATIO =3

Interpolator cycle = 6 ms (3- 2ms)

© Siemens AG, 2002. All rights reserved
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2.2 SINUMERIK 810D and 840D without PROFIBUS DP

2.2 SINUMERIK 810D and 840D without PROFIBUS DP

Interpolator cycle The interpolator cycle defines the cycle time in which the setpoint interface to
the position controllers is updated. The interpolator cycle is important for two
reasons in normal processing:

* The product of velocities and interpolator cycles defines the geometry
resolution of the interpolated contour. A long interpolator cycle causes a
large path error along curved contours. This error is, however, reduced in
the ratio interpolator / position control cycle by cubic fine interpolation MD
33000: FIPO_TYPE.

* The interpolator cycle determines the possible resolution of the velocity
profiles. It must be adapted to the dynamics of the drives so that the
machine axes traverse and accelerate evenly (i.e. position control cycle time
</= interpolator cycle << acceleration time constant).

Position control The position control cycle is the time which it takes for the control to calculate
cycle the actual value and transfer a new speed setpoint to the speed controller.
Block cycle time The block cycle time is the sum of the block change time and block preparation

time. It is at least as long as the cycle time for sending the position setpoints to
the servos — in normal operation therefore as long as the interpolator cycle.

The block cycle time is a common form of measurement used to judge whether
the control is suitable for traversing contours defined in points (frequent problem
with 3 and 5-axis milling). It determines the maximum possible velocity at which
a defined point pattern can be traversed (max. feedrate = average distance
between points/block cycle time).

Setting the IPO The interpolator and position control cycles are set in integer multiples of the
cycle and position system clock cycle in the following machine data:
control cycle

Position control cycle

POSCTRL_SYSCLOK_TIME_RATIO =
System clock cycle

IPO_SYSCLOK_TIME_RATIO = nierpolator cycle
System clock cycle

The smallest possible position control and interpolator cycle should be aimed
for.

© Siemens AG, 2002. All rights reserved
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2.2 SINUMERIK 810D and 840D without PROFIBUS DP

Apart from special applications in which machine data MD 10060:
POSCTRL_SYSCLOCK_TIME_RATIO is set greater than 1, the position control
cycle corresponds to the system clock cycle.

The ratio of interpolator to position control cycle must be an integer value and
greater than or equal to 1. If this is not the case, the value is corrected
automatically and alarm 4102, “IPO cycle increased to [ ] ms” is output.

Interpolator cycle
Position control cycle —

Note

As of software version SW 6.4 and an NCU 573.2 or higher, it is also possi-
bleoperate SINUMERK 840D with the PROFIBUS DP. For more information
about configuring the clock cycles, please refer to Section 2.3.

© Siemens AG, 2002. All rights reserved
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Cycle Times (G3)

2.3 SINUMERIK 840Di and 840D with PROFIBUS DP

2.3 SINUMERIK 840Di and 840D with PROFIBUS DP

For more information about SINUMERK 840D and 840Di with PROFIBUS DP,
please refer to: References: /FB1/, K4 Communication

2.3.1 Description of a DP cycle

Actual values

Positon controller

At time T, the current actual values are read from all equidistant drives (DP
slaves). In the next DP cycle, the actual values are transferred to the DP master
in the time Tpy.

The NC position controller is started at the time Ty with Ty > Tpx, and
computes the new speed setpoints on the basis of the transferred actual
positions.

Setpoints At the start of the next DP cycle, the speed setpoints are transferred from the
DP master to the DP slaves (drives) in the time Tpx.
At time Tq, the speed setpoints are taken as new specified values for all drive
controllers.
Tmarc = Top
NC:
Master or Tm
position controller - R
Tox / Tox

PROFIBUS DP
communication

(@)

Speed

Drives :
DP slaves: 1t0 3

control cycle I I I I I I I I I I I I

msg| | Res ’EMM@MSG RES FMMF
/

V/( \ \

RRRRRRRRRRRRR@RR

T To

Fig. 2-2 Optimized DP cycle with 3 DP slave with a SIMODRIVE 611 universal

© Siemens AG, 2002. All rights reserved
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2.3 SINUMERIK 840Di and 840D with PROFIBUS DP
Key to Fig. 2-2:

Tmarc Master Application Cycle: NC position control cycle
the following always applies for SINUMERIK 840Di: Tyapc = Tpp

Tpp DP cycle time: DP cycle time

Tox Data Exchange Time: total transfer times for all DP slaves

Tm Master Time: offset of the start time for NC position control

T Input Time: Time of actual value recording

To Output Time: Time of setpoint transfer

GC Global control telegramm (broadcast message) for cyclic
synchronization of the equidistance between DP master
and DP slaves

R Computation time for speed position control

Dx Exchange of user data between DP master and DP slaves

MSG Acyclic services (e.g. DP/V1, pass token)

RES Reserve: “active pause” until equidistant cycle finishes

@ The actual values for the current DP cycles / position control cycle are
transferred from the DP slave drives to the NC position controller

@ The setpoints computed by the NC position controller are transferred

to the DP slave drives

2.3.2 Clock cycles and position control cycle offset

Cycle times

System clock cycle

Position control
cycle

Interpolation cycle

3/G3/2-10

The NC derives the cycle times, system clock cycle, position control cycle and
interpolator cycle from the equidistant PROFIBUS DP cycle set in the SIMATIC
S7 project during configuration of the PROFIBUS.

The system clock cycle is set to the fixed ratio 1:1 with respect to the
PROFIBUS DP cycle. It cannot be changed.

* MD10050: SYSCLOCK_CYCLE_TIME (system basic time)

The position control cycle is set to the fixed ratio 1:1 with respect to the system
clock cycle. It cannot be changed.

* MD10061: POSCTRL_CYCLE_TIME (position control cycle)

The interpolator cycle may be chosen freely as a whole multiple of the position
control cycle.

e MD10070: IPO_SYSCLOCK_TIME_RATIO (factor for interpolator cycle)

© Siemens AG, 2002. All rights reserved
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Cycle Times (G3)

Position control
cycle

2.3 SINUMERIK 840Di and 840D with PROFIBUS DP

The offset for the position control cycle (Tyy) is set independently of the
conditions described below within a PROFIBUS DP/system cycle and
independently of the cyclic communication with the DP slave.

* MD10062 POSCTRL_CYCLE_DELAY (position control cycle offset)

NC:
Position control

- Top
« Tm [ .Tpos,
R R

PROFIBUS DP
communication

MSG| | RES ’EHDX{

Tpx

Dx|

Dx |[MSG| | RES ’EHDX{

DP slaves:
Drives

HAA

(EEEEEEEEEEL

Fig. 2-3 Position control cycle offset compared to PROFIBUS DP cycle

Key to Fig. 2-3:
Tpos
Top
Tox
Tm
GC

Dx
MSG
RES

© Siemens AG, 2002. All rights reserved
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Computation time required by position controller

DP cycle time: DP cycle time

Data exchange Time: total transfer times for all DP slaves
Master Time: offset of the start time for NCposition control

Global Control: Broadcast message for cyclic
synchronization of the equidistance between DP master
and DP slaves

Computation time
Exchange of user data between DP master and DP slaves
Acyclic services (e.g. DP/V1, pass token)

Reserve: “active pause” until equidistant cycle finishes
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2.3 SINUMERIK 840Di and 840D with PROFIBUS DP

Conditions and MD10062 POSCTRL_CYCLE_DELAY (position control cycle offset)
recommendations The offset for the position control cycle (Ty) must be set such that the following
for MD 10062 conditions are satisfied within a PROFIBUS DP/system cycle:

— The cyclic communication with the DP slaves (drives) must be
completed before the position controller is started.
Condition: TM > TDX

— The position controller must be completed before the
PROFIBUS DP/system cycle comes to an end.
Condition: TM + TPOS < TDP

The following setting is recommended as approximate value for the position
control cycle offset:

Tm = Tpp — 3" Tmaxposition controller

- Top
Position control cycle or PROFIBUS DP cycle

Tmaxposition controller

Note for HMI Advanced:

The maximum time for the position controller is displayed in the dialog:
NC load under Menu area switchover > Diagnostics > Service
displays > System resources.

Error reaction
* Alarm: “380005 PROFIBUS DP: Bus access conflict, type t, counter z
Cause of errors/error handling

e t=1
The position control cycle offset chosen is too small. The cyclic
PROFIBUS DP communication with the drives was not completed before the
position controller started.

Increase the position control cycle offset.

e t=2
The position control cycle offset selected is too large. Cyclic PROFIBUS DP
communication with the drives started before the position controller had
finished. The position controller requires more computation time than is
available in the PROFIBUS DP cycle.

— Decrease the position control cycle offset
or

— Increase the PROFIBUS DP cycle.
The PROFIBUS DP cycle must be set in the SIMATIC S7 project.

MD 10059 MD10059: PROFIBUS_ALARM_MARKER (PROFIBUS alarm marker)
Alarm requests in the event of a conflict during start-up

* Inthis machine data, alarm requests on the PROFIBUS level are stored
even after reboot.

If a conflict occurs during start-up between the machine data
— MD 10050: SYSCLOCK_CYCLE_TIME (system clock cycle)

— MD 10060: POSCTRL_SYSCLOCK_TIME_RATIO (factor for position
control cycle)

© Siemens AG, 2002. All rights reserved
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Machine data 840D

and 840Di

Special points

2.3 SINUMERIK 840Di and 840D with PROFIBUS DP

— MD 10070: IPO_SYSCLOCK_TIME_RATIO (factor for interpolator cycle)

and the
— data found in PROFIBUS-SDB,

the machine data are adapted according to this SDB and an appropriate
alarm set during next start-up. These alarm request are stored here.

For system-internal reasons, a distinction is made between the configured
default and maximum values in SINUMERIK 840D with PROFIBUS DP
compared to SINUMERK 840Di.

Machine data

840D
Standard / max

840Di
Standard / max

MD 10050: SYSCLOCK_CYCLE_TIME 4ms/31ms 2ms / 8ms
MD 10060: POSCTRL_SYSCLOCK_TIME_RATIO 1/31 1/1
MD 10062: POSCTRL_CYCLE_DELAY 3ms/ 8ms 1.5ms / 8ms
MD 10070: IPO_SYSCLOCK_TIME_RATIO 3 for 2-channel* Standard 4
5 for 10-channel
MD 10080: SYSCLOCK_SAMPL_TIME_RATIO 4 for 2-channel* No
5 for 10-channel meaning

*

Default values

The following special points must be observed for cycle-specific machine data:

MD10050: SYSCLOCK_CYCLE_TIME (system clock cycle)

The machine data is used only for display purposes. The system cycle is
always identical to the equidistant PROFIBUS DP cycle.

MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO (factor for position control

cycle)

The factor for position control is set permanently to 1 only for SINUMERK

840Di and cannot be changed.

With SINUMERIK 840D, the factor for the position control cycle can still be
set in MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO for reasons of
compatibility with the drive bus for SIMODRIVE 611 digital.

Caution

If you change the cycle times, check the behavior of the drive in all operating
modes before you finish commissioning.

Note

The smaller the cycle times (PROFIBUS DP cycle) chosen, the greater the de-
gree of control for the drive and the better the surface quality on the workpiece.

© Siemens AG, 2002. All rights reserved
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4.1 General machine data

Supplementary Conditions

None

Data Descriptions (MD, SD)

4.1 General machine data
10050 SYSCLOCK_CYCLE_TIME
MD number System clock cycle
Default setting: 0.004 for 840D Min. input limit: 0.000125 Max. input limit: 0.032 for 840D
Default setting: 0.002 for 840Di max. input limit: 0.008 for 840Di
Changes effective after power ON \ Protection level: 2/7 \ Unit: s

Data type: DOUBLE

‘ Applies from SW 1.1, as of SW 6.4 PROFIBUS

Meaning:

Clock cycle of the system software, i.e. the unit of time after which time interrupts are trig-
gered in the operating system.

The interpolator and position control cycle/IPO settings are multiples of the system clock

cycle. The system clock cycle corresponds to the position control cycle when MD 10060:
POSCTRL_SYSCLOCK_TIME_RATIO is not set higher than 1.

If a digital drive is used, the system basic clock cycle and MD 10060:
POSCTRL_SYSCLOCK_TIME_RATIO must be set (otherwise a drive alarm is
issued) so that the position control cycle is no longer than 16ms.

Automatic offsets during start—up can cause a shift in the set value for MD 10050:
SYSCLOCK_CYCLE_TIME.

For systems with PROFIBUS DP, this corresponds to MD 10050:
SYSCLOCK_CYCLE_TIME: PROFIBUS DP cycle time. This time is read from the
PROFIBUS/SDB project file during start—up and written to this machine data.

This machine data is can only be modified via the project file.

Special cases, errors,

Note:
The system clock cycle is incremented in multiples of MD 10080:
SYSCLOCK_SAMPL_TIME_RATIO of units of the measured value sampling clock cycle.
During system start—up, the entered value is automatically rounded to a multiple of the
incrementing.
Details:
After a power OFF/ON, discrete timer division ratios can produce a value that is not an
integer of the input value.
E.g.: Input =0.005s

after power OFF/ON = 0.00499840
or

input =0.006s

after power OFF/ON  =0.0060032

Related to ... MD 10060: POSCTRL_SYSCLOCK_TIME_RATIO,
MD 10080: SYSCLOCK_SAMPL_TIME_RATIO
© Siemens AG, 2002. All rights reserved
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4.1 General machine data

10059 PROFIBUS_ALARM_MARKER
MD number Profibus alarm marker (internal only)

Profibus Adpt.: 0.0 | Min. input limit: — | Max. input limit: -

Changes effective after power ON \ Protection level: 0/ 0 \ Unit: —

Data type: BYTE | Applies from SW 5.2

Meaning: PROFIBUS alarm marker:
In this machine data, alarm requests on the PROFIBUS level are stored even after reboot.
If a conflict is found between the machine data
MD 10050 SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO,
MD 10070 IPO_SYSCLOCK_TIME_RATIO and the data in SDB1000, the machine data
are adapted according to SDB1000 and an appropriate alarm set during next start—up.
These alarm requests are stored here.

Related to .... MD 10050: SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO

10060 POSCTRL_SYSCLOCK_TIME_RATIO

MD number Factor for position control cycle

Default setting: 1 Min. input limit: 1 Max. input limit: 31 for 840D

max. input limit: 1 for 840Di

Protection level: 2/7 Unit:
Factor x MD 10050

Changes effective after power ON

Data type: DWORD | Applies from SW 1.1

Meaning: The position control cycle is entered as a multiple of the time units of the system clock
cycle of MD 10050: SYSCLOCK_CYCLE_TIME.

The normal setting is 1. The position control cycle then corresponds to the system clock
cycle.

Settings which are > 1 use up more computing time for the processing of additional time
interrupts by the operating system and should therefore only be used if the system has to
execute a task which needs to run faster than the position control cycle.

If a digital drive is being used, the value set for the position control cycle can change be-
cause of an automatic correction on start-up. This is accompanied by alarm 4101 “Position
control cycle for digital drive reduced to [ ] ms”. The position control cycle may not be set
longer than 16ms when using a digital drive.

For systems with PROFIBUS DP connection, machine data MD 10060 indicates the ratio
for the PROFIBUS DP cycle and the position control cycle.

Related to .... MD 10050: SYSCLOCK_CYCLE_TIME, MD 10080 SYSCLOCK_SAMPL_TIME_RATIO

10061 POSCTRL_CYCLE_TIME
MD number Position control cycle

Default setting: 0.0 | Min. input limit: — | Max. input limit: -

Changes effective after power ON \ Protection level: 0/7 \ Unit: —

Data type: DOUBLE \ Applies from SW 5

Meaning: Position control cycle: Display of the position control cycle time (cannot be modified !).
Formed internally from the machine data SYSCLOCK_CYCLE_TIME and
POSCTRL_SYSCLOCK_TIME_RATIO.

Related to .... MD 10050: SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO

10062 POSCTRL_CYCLE_DELAY

MD number Position control cycle shift

Default setting: 0.003 for 840D
Default setting: 0.0015 for 840Di

Min. input limit: 0.000
Profibus Adpt.: 0.000

Max. input limit: 0.008 for 840D
max. input limit: 0.008 for 840Di

Changes effective after power ON

\ Protection level: 2/7

\ Unit: s

Data type: DOUBLE

| Applies from SW 5

Meaning: NCK position control cycle time offset compared to PROFIBUS DP cycle

Related to .... MD 10050: SYSCLOCK_CYCLE_TIME, MD 10080: SYSCLOCK_SAMPL_TIME_RATIO
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4.1 General machine data

10070 IPO_SYSCLOCK_TIME_RATIO

MD number Factor for interpolator cycle

Default setting: 4 for 840Di Min. input limit: 1 Max. input limit: 100
3 for 840D 2-channel

5 for 840D 10-channel

Changes effective after power ON Protection level: 2/7 Unit:

Factor x MD 10050

Data type: DWORD

| Applies from SW 1.1

Meaning: The interpolator cycle is entered as a multiple of the time units of the system clock cycle
MD 10050: SYSCLOCK_CYCLE_TIME.
Only whole multiples of the position control cycle may be set (set via MD 10060:
POSCTRL_SYSCLOCK_TIME_RATIO). Values that are not an integer multiple of the posi-
tion control cycle are automatically increased to the next integer multiple of the position
control cycle before they become active (on next power up). This is accompanied by the
alarm 4102 “IPO cycle increased to [ ]ms”.
The values set in the NCU-link group must be identical for all linked NCUs. This additional
requirement is omitted if the NCU-link option is present with a different interpolator cycle.

Related to .... MD 10050: SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO

10071 IPO_CYCLE_TIME

MD number Interpolator cycle

Default setting: 0.0 | Min. input Timit: ™~ | Max. input limit:

Changes effective after power ON \ Protection level: 0/7 \ Unit: s

Data type: DOUBLE

| Applies from SW 5

Meaning:

Display of the interpolator cycle time (cannot be modified!).
If produced internally from MD 10050: SYSCLOCK_CYCLE_TIME and
MD 10070: IPO_SYSCLOCK_TIME_RATIO.

Related to ....

MD 10050: SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO
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Cycle Times (G3)

4.1 General machine data

10080 SYSCLOCK_SAMPL_TIME_RATIO

MD number Division factor of position control cycle for actual value acquisition

Default setting: — Min. input limit: 1 Max. input limit: 31
No meaning for 840Di

4 for 840D 2-channel

5 for 840D 10-channel

Changes effective after power ON \ Protection level: 0/ 0 \ Unit: —

Data type: DWORD

‘ Applies from SW1, as of SW 6.4 PROFIBUS

Meaning:

This machine data sets the division factor of a cycle divider which is hardware located be-
tween the measured value sampler and the interrupt controller.

Values of MD 10080: SYSCLOCK_SAMPL_TIME_RATIO > 1
may only be set if the conditions described in the special cases are satisfied.

produce a larger increment, in which the time for the system clock cycle can
also be set (see MD 10050: SYSCLOCK_CYCLE_TIME).

If a digital drive controller and systems with PROFIBU-DP connection are used the division
factor is set automatically.

Special cases, errors,

1st Using an analog speed interface

When using the conventional drive interface, the division can be set according to the follow-
ing criteria:

It is beneficial for the control to keep the deadtime between reading the current

actual axis position and outputting the associated setpoints as short as possible.

The following applies when setting MD 10080: SYSCLOCK_SAMPL_TIME_RATIO to
values > 1:
The delay time of the position control output can be set to fractions of the position
control clock cycle.

A multiple triggering of the I/O hardware during the position control cycle

can be achieved.

This procedure is not recommended on account of the resulting interrupt load on
the operating system.

2nd Using a digital drive controller
If a digital drive controller is used the division factor is set automatically.

The sampling clock cycle is thereby set to

1, 2, 3 multiples of 0.000625s SINUMERIK 810D

Standard case:

1 time 0.000625s SINUMERIK 810D new design
1, 2, 3 ... 8 multiples of 0.000125s SINUMERIK 840D

The SIMODRIVE 611 digital drive can synchronize its own clock generation to these
values.

3rd Systems with PROFIBUS DP connection
When systems with PROFIBUS DP are used, the division factor is set automatically.

Related to ....

MD 10050: SYSCLOCK_CYCLE_TIME, MD 10060 POSCTRL_SYSCLOCK_TIME_RATIO
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4.2 Axis-specific machine data

11250
MD number

PROFIBUS_SHUTDOWN_TYPE
PROFIBUS shutdown handling

Default setting: 0

| Min. input limit: 0 | Max. input limit: 2

Changes effective after power ON

\ Protection level: 2/7 \ Unit: —

Data type: BYTE

| Applies from SW 6.3

Meaning: Handling the PROFIBUS DP on shutdown of the NCK (NCK reset)
Value 0: The bus is deactivated directly from within cyclic mode, without pre-warning
Value 1: In the case of NCK shutdown, the PROFIBUS DP is first brought to the
CLEAR status for at least 20 clock cycles and then deactivated. If this is not
possible on account of the hardware, the procedure is as for the value 2.
Value 2: In the case of NCK shutdown, the PROFIBUS DP is first brought to the as status
for at least 20 clock cycles in which all drives are sent a zero as Control Word 1
and Control Word 2 (pseudo clear). The bus itself remains operational.
Related to .... -
4.2 Axis-specific machine data
37600 PROFIBUS_ACTVAL_LEAD_TIME
MD number Actual value recording time (PROFIBUS Ti)

Default setting: 0.000125

| Min. input limit: 0.0 | Max. input limit: 0.032

Changes effective after power ON

\ Protection level: 0/0 \ Unit: s

Data type: DOUBLE

| Applies from SW 6.1

Meaning:

Date and setting of the setpoint transfer time (Ti) of the PROFIBUS encoder
Unit: Seconds, default is thus 125us
(this is also the default that Step 7 set for a SIMODRIVE 611 universal)

Special cases, errors,

Caution:

The actual Ti value is read directly from the PROFIBUS configuration if possible.

In this case, the value of the machine data is converted to a display machine data machine
data according to its commenting. Its value is automatically set to Ti.

Related to ....
37602 PROFIBUS_OUTVAL_DELAY_TIME
MD number Setpoint delay time (PROFIBUS To)

Default setting: 0.003

| Min. input limit: 0.0 | Max. input limit: 0.032

Changes effective after power ON

\ Protection level: 0/ 0 \ Unit: s

Data type: DOUBLE

| Applies from SW 6.3

Meaning:

Date and setting of the setpoint transfer time (To) of the PROFIBUS encoder
Unit: Seconds, default is thus 3ms

Special cases, errors,

Caution:
The actual To value is read directly from the PROFIBUS configuration where possible.
In this case, the value of the machine data is converted to a display machine data machine

data according to its commenting. Its value is automatically set to To.

Related to ....
|
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Signal Descriptions 5

None

Example 6

None
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7.1 Machine data

Data Fields, Lists

7.1 Machine data

Number Identifier

General (MN_...)

10050 SYSCLOCK_CYCLE_TIME

10059 PPOFIBUS_ALARM_MARKER

10060 POSCTRL_SYSCLOCK_TIME_RATIO
10061 POSCTRL_CYCLE_TIME

10062 POSCTRL_CYCLE_DALAY

10070 IPO_SYSCLOCK_TIME_RATIO

10071 IPO_CYCLE_TIME

10080 SYSCLOCK_SAMPL_TIME_RATIO
11250 PPOFIBUS_SHUTDOWN_TYPE

Axis/spindle-specific ($MA_...)
33000 FIPO_TYPE
37600 PPOFIBUS_ACTVAL_LEAD_TIME

37602 PPOFIBUS_OUTVAL_DELAY_TIME

7.2 Alarms

Name Ref.

System clock cycle

PTOFIBUS alarm marker (internal only)
Factor for position control cycle

Position control cycle (SW 5 and higher)
Position control cycle offset (SW 5 and higher)
Factor for interpolator cycle

Interpolation cycle (SW 5 and higher)

Division factor of the position control cycle for
actual value acquisition

PROFIBUS DP shutdown handling (SW 6.3 and
higher)

Fine interpolator type G2

Actual value acquisition (Profibus Ti) SW 6.1 and
higher

Setpoint delay time (Profibus To) SW 6.3 and
higher

A detailed description of the alarms which may occur is given in

References:

/DA/, Diagnostics Guide or in the online help in systems with

HMI Embedded/MM 102/HMI Advanced.

3/G3/7-20
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SINUMERIK 840D/840Di/810D

Description of Functions Special Functions

(Part 3)

Contour Tunnel Monitoring (K6)
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Notes
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03.96 Contour Tunnel Monitoring (K6)
1.1 Contour tunnel monitoring

Brief Description

1.1 Contour tunnel monitoring

Definition The absolute movement of the tool tip in space is monitored. The function is
channel-specific (see Chapter 3).

Model A round tunnel with a definable diameter is defined around the programmed
path of a machining operation. Axis movements are stopped as an option if the
path deviation of the tool tip is greater than the defined tunnel as the result of
axis errors.

Response Movement is stopped as soon as the deviation is detected, although at least
one interpolator cycle elapses before the system responds.

* An alarm is triggered when the tunnel is violated and the axes continue to
traverse or

* violation of the tunnel triggers an alarm and the axis movements are
decelerated.

Deceleration When the monitoring tunnel is violated, deceleration can be performed either

methods . :
® according to a braking ramp or

* with speed setpoint zero and follow-up mode.

Application The function can be used for 2D and 3D paths. With 2D paths, the monitoring
surface is defined by lines parallel to the programmed path.
The monitoring protection zone is determined by 2 or 3 geometry axes.

Other axes Monitoring of synchronous axes, positioning axes, etc. that are not geometry
axes is performed directly on the machine axis plane with the “Contour
monitoring” function already implemented in SW 1.0.
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1.1 Contour tunnel monitoring

Analysis

3/K6/1-4

A Contour (path of the tool tip)

Permissible tolerance

“Tunnel” defined around the con-
tour (tube-shaped tolerance zone)

> X

Fig. 1-1 Position of the contour tunnel around the programmed path

Fig. 1-1 is a diagram of the monitoring area shown by way of a simple example.
As long as the calculated actual position of the tool tip remains inside the
sketched tunnel the motion is continued in the normal way. If the calculated
actual position violates the tunnel, an alarm is triggered (in the default setting)
and the axes are stopped with a ramp. This response to the violation of the
tunnel can be disabled by setting a machine data (alarm triggered but
movement continued) or intensified (rapid stop).

The calculated distance between the programmed path and the actual values
can be routed to an analog output to analyze the progression of the contour
errors during normal operation (quality control).

© Siemens AG, 2002. All rights reserved
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1.2 Programmable contour accuracy

1.2 Programmable contour accuracy

Alternative As an alternative to the function described in Section 1.1, i.e. monitoring of the
machining accuracy and stopping machining if excessive deviations occur,
another function is offered as from software version 3.2. With this function, the
selected accuracy is always achieved with the path velocity being reduced if
necessary. For details of this function, please see Section 2.2.
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1.2 Programmable contour accuracy

Notes
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Contour Tunnel Monitoring (K6)

2.1 Contour tunnel monitoring

Detailed Description

2.1 Contour tunnel monitoring

Aim of the moni-
toring function

Tunnel size

Setting the
deceleration
method

Encoder switch-
over

Activation

Stop

The aim of the monitoring function is to stop the movement of the axes if axis
deviation causes the distance between the tool tip (actual value) and the
programmed path (setpoint) to exceed a defined value (tunnel radius).

The radius of the contour tunnel being monitored around the programmed path
must be defined to implement the monitoring function. The value is defined in
MD: $MC_CONTOUR_TUNNEL_TOL.

If the MD is set to 0.0, monitoring is not performed. The value of the MD is
transferred to the control for new configurations.

The deceleration response to the monitoring can be set in MD:
$MC_CONTOUR_TUNNEL_REACTION.

One of the following three values must be set:
0:  Display alarm, continue machining

1:  Deceleration according to the deceleration ramps of the axes
(default setting)

2:  Rapid stop (speed setpoint zero is set)

Switching between two encoder systems usually causes a sudden change in
the actual position of the tool tip. This change resulting from encoder switchover
must not be so large as to cause the tool tip to violate the monitoring tunnel.
The radius set in MD: $MC_CONTOUR_TUNNEL_TOL must be greater than
the permissible tolerance for the actual-value encoder switchover in MD:
$MA_ENC_CHANGE_TOL.

The monitoring function is only activated if
— the contour tunnel monitoring function is set,
— $MC_CONTOUR_TUNNEL_TOL is greater than 0.0 and

— at least two geometry axes have been defined.

The monitoring function is stopped by setting MD:
$MC_CONTOUR_TUNNEL_TOL to a value of 0.0.
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2.1 Contour tunnel monitoring

Analysis output In MD: $MC_CONTOUR_ASSIGN_FASTOUT you can define whether and, if
s0, to which fast analog output the deviation values of the actual value of the
tool tip from the programmed path are to be routed (precision monitoring). The
machine data can be set to the following values:

— 0: no output (default setting)
— 1: output to output 1

— 2. output to output 2
etc.

— 8:......output to output 8

Equivalence:
The tunnel radius stored in MD: $MC_CONTOUR_TUNNEL_TOL corresponds
to a voltage of 10V at the output.

© Siemens AG, 2002. All rights reserved
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Contour Tunnel Monitoring (K6)

2.2 Programmable contour accuracy

2.2 Programmable contour accuracy

Initial situation

Function

Application

Positioning axes

Active feedforward
control

Minimum feed

Activation

RESET/
end of program

There is always a velocity-dependent difference between setpoint and actual
position when an axis is traversed without feedforward control. This lag results
in inaccurate curved contours.

References: /PA/, Programming Guide: Fundamentals

The function “Programmable contour accuracy” permits the user to specify a
maximum error for the contour in the NC program. The control calculates the
KV factor (servo gain factor) for the axes concerned and limits the maximum
path velocity so that the contour error resulting from the lag does not exceed the
value specified. The Look Ahead function then guarantees that the velocity
necessary for maintaining the required contour accuracy is not exceeded at any
point along the path.

The function guarantees a defined contour accuracy in situations where
feedforward control cannot or must not be used.

The function does not affect the velocities of positioning axes.

The function is also operative in conjunction with active feedforward control if
the machine data MC_CPREC_WITH_FFW has the value TRUE. With active
feedforward control, the reduction of the path velocity is calculated on the basis
of the effective KV factor with feedforward control.

In order to avoid burn marks, the feed is limited only to the minimum value
stored in the setting data $SC_MINFEED.

The function can be switched on and off by means of the modal G codes
CPRECON and CPRECOF (Contour Precision ON/OFF).

The contour accuracy setting is entered in the new setting data
$SC_CONTPREC. Changes to the setting data become valid during
preprocessing.

The response set for the G code group 39 in the machine data
— $MC_RESET_MODE_MASK
- $MC_START_MODE_MASK

becomes effective; i.e. nothing special applies to programmable contour
accuracy.

References: /FB/, K2, “Workpiece-Related Actual-Value System”
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2.2 Programmable contour accuracy

Notes
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4.1 Channel-specific machine data

Supplementary Conditions

Availability of This function is an option and available as follows:

“Contour tunnel , , ,
monitoring” ¢ SINUMERIK 840D with NCU 572/573, with SW2 and higher
function

Availability of This function is available in SW 3.2 and higher for basic versions of the
“Programmable SINUMERIK 810D, FM-NC, 840D systems.

contour accuracy”

function

Data Descriptions (MD, SD)

4.1 Channel-specific machine data
21050 CONTOUR_TUNNEL_TOL
MD number Response threshold for contour tunnel monitoring
Default setting: 0.0 | Min. input limit: 0.0 | Max. input limit:
Changes effective after NEW CONF | Protection level: 2/4 | Unit: mm
Data type: DOUBLE | Applies from SW 2.0
Meaning: Response threshold for contour tunnel monitoring Specifies the radius of the “tunnel” which

is laid around the tool tip path.

If three geometry axes are defined, then the tunnel can be imagined as a tube with the tool
tip path running through the middle of it.

If only two geometry axes are defined, then the tube is flattened in the plane of the two
geometry axes.

MD irrelevant for ...... Contour tunnel monitoring option not available

Related to .... CONTOUR_TUNNEL_REACTION, CONTOUR_ASSIGN_FASTOUT,
ENC_CHANGE_TOL
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4.1 Channel-specific machine data
21060 CONTOUR_TUNNEL_REACTION
MD number Reaction to response of contour tunnel monitoring

Default setting: 1

| Min. input limit: 0 | Max. input limit: 2

Changes effective after power ON

\ Protection level: 2/4 \ Unit: —

Data type: BYTE

| Applies from SW 2.0

Meaning:

Reaction to activation of alarm

0: Display alarm only, continue machining
1: Ramp stop
2: Rapid stop

MD irrelevant for ......

Contour tunnel monitoring option not available

Related to .... CONTOUR_TUNNEL_TOL, CONTOUR_ASSIGN_FASTOUT
21070 CONTOUR_ASSIGN_FASTOUT
MD number Assignment of an analog output for contour error output

Default setting: 0

| Min. input limit: 1 | Max. input limit: 8

Changes effective after power ON

\ Protection level: 2/4 \ Unit: —

Data type: BYTE

| Applies from SW 2.0

Meaning:

Assignment of an analog output to which the calculated contour error can be output.
0: No output

1: Qutput to output 1
2: Qutput to output 2
etc.

8: Qutput to output 8

An error which violates the response threshold $MC_CONTOUR_TUNNEL_TOL appears
at the output as 10V voltage.

An automatic check is performed for multiple assignment of the same output to other sig-
nals.

MD irrelevant for ......

Contour tunnel monitoring option not available

Related to .... CONTOUR_TUNNEL_TOL, CONTOUR_TUNNEL_REACTION
20470 CPREC_WITH_FFW
MD number Progr. contour accuracy

Default setting: 0

| Min. input limit: 0 | Max. input limit: 1

Changes effective after POWER ON

\ Protection level: 2/7 \ Unit: —

Data type: BOOLEAN

| Applies from SW: 3.2

Meaning:

This machine data is for defining the response of the programmable function CPRECON in
conjunction with feedforward control.
FALSE: The function CPRECON is inoperative with simultaneously active
feedforward control.
TRUE: CPRECON is also operative with feedforward control.

Related to ....

$SC_CONTPREC, $SC_MINFEED

3/K6/4-12
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4.2 Channel-specific setting data
4.2 Channel-specific setting data
42450 CONTPREC
MD number Contour accuracy
Default setting: 0.1 | Min. input limit: 0.000001 | Max. input limit: 999999
Changes effective after POWER ON | Protection level: 7 /7 | Unit: mm

Data type: DOUBLE

| Applies from SW: 3.2

Meaning:

Contour accuracy. With this setting data you can specify which accuracy is to be applied
for the path of the geometry axes on curved contours. The smaller the value and the
smaller the servo gain factor of the geometry axes, the higher the reduction in path feed on
curved contours.

Related to .... $MC_CPREC_WITH_FFW, $SC_MINFEED

42460 MINFEED

MD number Minimum path feed with CPRECON

Default setting: 1.0 \ Min. input limit: 0.000001 \ Max. input limit: 999999
Changes effective after POWER ON | Protection level: 7 /7 | Unit:_ mm/min

Data type: DOUBLE

| Applies from SW: 3.2

Meaning:

Minimum path feed with active “contour accuracy” function. The feed is not reduced to be-
low this value, unless a lower F value has been programmed or the value is not permitted
by the axis dynamics.

Related to ....

$MC_CPREC_WITH_FFW $SC_CONTPREC
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4.2 Channel-specific setting data

Notes
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03.96 Contour Tunnel Monitoring (K6)
6.1 Programmable contour accuracy

Signal Descriptions

None
|
Example
6.1 Programmable contour accuracy
Extract
N10 X0 Y0 GO
N20 CPRECON ; Switch on the contour accuracy defined by MD
N30 F10000 G1 G64 X100 ; Machine at 10 m/min in continuous-path mode
N40 G3 Y20 J10 ; Automatic limitation of feedrate in circle block
N50 G1 X0 ; Feedrate again 10 m/min
N100 CPRECOF ; Switch off the programmed contour accuracy
N110 GO ...
|
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6.1 Programmable contour accuracy

Notes
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Contour Tunnel Monitoring (K6)

Data Fields, Lists

7.1 Machine data

71 Machine data
Number ‘ Identifier Name Ref.
Channel-specific ($MC_...)
20470 CPREC_WITH_FFW Programmable contour accuracy
21050 CONTOUR_TUNNEL_TOL Response threshold for contour tunnel moni-
toring
21060 CONTOUR_TUNNEL_REACTION Reaction to response of contour tunnel moni-
toring
21070 CONTOUR_ASSIGN_FASTOUT Assignment of an analog output for output of
the contour error
Axis/spindle-specific (SMA_...)
36500 ENC_CHANGE_TOL Maximum tolerance for position actual value G2
switchover
Channel-specific setting data ($SC_ ...)
42450 CONTPREC Contour accuracy
42460 MINFEED Minimum path feedrate for CPRECON
7.2 Alarms
A detailed explanation of the alarms which may occur is given in
References: /DA/, Diagnostics Guide
or the online help for systems with MMC 101/102/103.
|
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7.2 Alarms

Notes
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SINUMERIK 840D/840Di/810D

Description of Functions Special Functions

(Part 3)

Axis Couplings and ESR

Former title: “Coupled motion and master value coupling” (M3)
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08.02 Axis Couplings and ESR (M3)
1.1 Coupled axes

Brief Description

Note

Since the range of functions covered by M3 has now been extended, the de-
scription has been given a more appropriate and general title.

Axis couplings and ESR
Former title: “Coupled motion and master value
coupling” (M3)

ESR stands for Extended Stop and Retract.

1.1 Coupled axes

With the “Coupled axes” function (see Section 2.1), it is possible to define any
axis as a leading axis and to assign any number of coupled axes to it.

The coupled axis/axes is/are moved simultaneously with the leading axis as a
function of the coupling factor.

It is also possible to program an independent motion for the coupled axis/axes.

The master and coupled axes are defined and the coupled axis grouping is
activated/deactivated in the NC parts program or by synchronous action.

The “Coupled axes” function can also be used in manual operation.
1.2 Curve tables

Using the function “Curve tables” (see Section 2.2) you can define the complex
sequence of motions of an axis in a curve table.

Any axis can be defined as a leading axis and a following axis traversed
according to a curve table.

The command variable in these motion sequences is an abstract master value
which is generated by the control or derived from an external variable (e.g.
position of an axis).

The master and following axes are defined and activated/deactivated with the
curve table in the NC parts program or by synchronous action.

The curve tables in SRAM remain valid after the end of a parts program or
power down.

For SW 6.3 and higher, curve tables can also be stored in DRAM. They must be
loaded again to DRAM after a power ON.

© Siemens AG, 2002. All rights reserved
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1.3 Master value coupling

1.3

1.4

SW5

SW 6

3/M3/1-6

Axis groups must be re/activated independently of the storage location of the
curve tables after power ON.

Master value coupling

With the “Master value coupling” function (see Section 2.3) it is possible to
process short programs cyclically with close coupling of the axes to one
another and a master value that is either generated by the control or input from
an external source.

The master value can be derived from a conveyor belt or a line shaft.

Either an axis or path master value coupling can be used which can be
activated and deactivated in the NC parts program or via a synchronous action.

The coupling with the master value is defined using a curve table.

Electronic gear EG (SW 5 and higher)

With the “Electronic gear” function (see Section 2.4) it is possible to control the
motion of one following axis as the function of up to five leading axes. The
relationship between each leading axis and the following axis is defined by the
coupling factor. The following axis motion components derived in this manner
from the individual leading axis motion components have an additive effect. The
coupling factors can be referred to one of the following quantities:

® Actual values of leading axis.

* Setpoints of leading axis.

An electronic gear grouping can be defined, switched on, switched off and
deleted from the parts program.

When an EG axis grouping is activated, it is possible to synchronize the
following axes in relation to a defined position.

Application examples:
— Machine tools for gear cutting.

— Gear trains for production machines.

As an extension of the functions of SW 5, SW 6 also allows the implementation
of non-linear relationships between the leading axes and the following axis via
curve tables (see Sections 1.2 and 2.2).

Electronic gears can be cascaded, i.e. the following axis of an electronic gear
can be the leading axis for a further electronic gear.

For details of this extension, please see Section 2.4.

© Siemens AG, 2002. All rights reserved
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1.5 Extended stop and retract: ESR (SW 5 and higher)

Sw 6.4 An additional function for synchronizing the following axis permits the following
selection:

— Approach next division (tooth gap) time-optimized
— Approach next division (tooth gap) path-optimized
— Approach in positive direction of axis rotation, absolute
— Approach in negative direction of axis rotation, absolute

— Traverse time-optimized with respect to programmed synchronized
position

— Traverse path-optimized with respect to programmed synchronized
position

1.5 Extended stop and retract: ESR (SW 5 and higher)

SW 5 The “Extended stop and retract” function ESR allows the operator to choose
how to react to definable error sources, reducing the risk of causing damage to
the workpiece.

* Stop: As far as possible, all axes participating in the electronic coupling are
stopped (this concerns the axes in the machining plane).

* Retract (SW 5.2 and higher): The tool/workpiece pair engaged in action is
separated as quickly as possible by retracting the tool from the gear wheel
gap.

* Generator operation: In the event of a power failure, the power for the
retract operation can be provided in the DC link (the DC link voltage is
maintained through additional back-up capacitors or drive operating in
generator mode).

SW 6 As expansion of the stop and retract measures implemented in SW 5,
NC-prompted stop and retract operations are available from SW 6. With
NC-prompted operations, for example, an axis group of an electronic gear
grouping remains in synchronism during stopping for a specified period to
prevent risks to:

* Man

* Material (workpiece and expensive hobbing cutter for example)

as far as possible.

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/M3/1-7



Axis Couplings and ESR (M3) 04.99
1.5 Extended stop and retract: ESR (SW 5 and higher)

Notes
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Axis Couplings and ESR (M3)

2.1 Coupled axes

Detailed Description

2.1 Coupled axes

2.1.1 General functionality

Dependent
coupled axis

Independent
coupled axis

Position of a
coupled axis

Coupled axis as
leading axis

Axis types

Coordinate
system

The “Coupled axes” function allows any axis of the control to be declared as a
“master axis” and any desired number of “coupled axes” to be assigned to the
“leading axis”.

The “master” and “coupled” axes then form a coupled axis grouping.

If the leading axis is programmed in a block of the NC parts program, all
following axes in the axis grouping traverse the paths derived from the leading
axis via coupling factors.

A total of 2 leading axes may be assigned to each coupled axis.

A coupled axis can be programmed with the full range of available motion
commands (GO, G1, G2, G3,...). The coupled axis not only traverses the
independently defined paths, but also those derived from its leading axes on the
basis of coupling factors.

The position of a coupled axis at any given time corresponds to the sum of the
dependent motion (motion of leading axis allowing for coupling factor) and the
independent motion (i.e. the motion programmed for the axis concerned).

A coupled axis can also act as the leading axis for other coupled axes. In this
way, it is possible to create a range of different coupled axis groupings.

A coupled axis grouping can consist of any desired combinations of linear and
rotary axes.

In this case, it is possible to define a “simulated” axis to act as the leading axis.

Coupled axis motion is always executed in the base coordinate system (BCS).

© Siemens AG, 2002. All rights reserved
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2.1 Coupled axes

Synchronous ac- Coupled axis motion can be switched on and off by means of a synchronous

tion action. Following activation of the coupled motion, the following axis is first
accelerated to the new set speed. The position of the leading axis after
synchronization of the speed is taken as the start position for coupled motion.

Activating, deacti- The coupled axis activated per synchronous action can only be deactivated
vating again per synchronous action.

The coupled axis activated per parts program can only be deactivated again by
means of the parts program.

Application

1. Traversal of an axis by means of a simulated axis
The leading axis is a “simulated” axis and the coupled axis a “real” axis. In
this way, the real axis can be traversed as a function of the coupling factor.

2. Two-side machining
The following configuration applies for this application:

* Coupled axis grouping: Leading axis “Y” < coupled axis “V”

* Coupled axis grouping: Leading axis “Z” < coupled axis “W”

Leading axes Coupled axes

Fig. 2-1 Two-side machining

© Siemens AG, 2002. All rights reserved
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Axis Couplings and ESR (M3)

2.1 Coupled axes

21.2 Programming a coupled axis grouping

Definition and
activation

Parameters

Deactivation

A coupled axis grouping is defined and activated simultaneously with the modal
command:

TRAILON(coupled axis, leading axis, coupling factor)

Coupled axis, leading axis:
The corresponding axis identifier must be specified here.

Coupling factor:
The coupling factor specifies the desired relationship between the paths of the
coupled axis and the leading axis.

Paths of the coupled axis
Paths of the leading axis

Coupling factor =

Note

* |f a coupling factor is not programmed, then coupling factor 1 automatically
applies.

* The factor is entered as a fraction with decimal point (of type REAL). The
input of a negative value causes the master and coupled axes to traverse in
opposition.

* A coupled axis may not be activated in more than two coupled axis
groupings at the same time.

* The number of coupled axis groupings which may be simultaneously
activated is limited only by the maximum possible number of combinations
of axes on the machine.

¢ Depending on the setting of MD 20110: RESET_MODE_MASK, bit 8
MD 20112: START_MODE_MASK, bit 8
all active coupled axis groupings are canceled after RESET or NC Start from
the RESET state.

The coupling of one leading axis is deactivated with the command:
TRAILOF(coupled axis, leading axis)

In this case, a preprocessing stop is generated.

Note

An active coupling can also be deactivated from the PLC by means of an
ASUB.

References: /FB/, P3, “Basic PLC Program”

© Siemens AG, 2002. All rights reserved
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2.1 Coupled axes

Examples

Example 1: Example of an NC parts program for the axis constellation shown in
Fig. 2-1:

TRAILON (Y,V,1) ;Activate 1st coupled axis grouping
TRAILON (Z,W,-1) ;Activate 2nd coupled axis grouping

G0 Z10 ;Infeed Z and W axes in oppositeaxial directions

GO0 Y20 ;Infeed Y and V axes in the same axial direction

G1Y22 V25 ;Overlay a dependent and an independent motion of
;coupled axis “V”

TRAILOF (Y,V) ;Deactivate 1st coupled axis grouping

TRAILOF (Z,W) ;Deactivate 2nd coupled axis grouping

Example 2: With coupled axes, two motions are added together: the motion of
the following axis which is dependent on the leading axis, and the independent
motion which is based on the programming of the following axis. The dependent
part is treated like a coordinate offset such that it is possible to set a defined
behavior for the following axis.

NO1 G90 GO X100 U100
NO2 TRAILON(X,U,1)  ;Activate coupled-axis grouping
NO3 G1 F2000 X200 :Dependent motion of U, Ups=200, Ur,j=100

NO04 U201 ;Independent motion, Ups=U201+U1,;=301

NO5 X250 ;Dependent motion of U,
sUTrai=UTrail(100)+50=150, Upos=351

NO06 G91 U100 ;Independent motion, Upos(351)+U100=451

NO7 G90 X0 :Dependent motion of U,

sUpos=Upos(451)—Ut4il(250)=201
N10 TRAILOF(X,U)

2.1.3 Behavior in AUTOMATIC, MDA, JOG modes

Effectiveness

Manual operation

Reference point
approach

Deletion of dis-
tance-to-go

3/M3/2-12

An activated coupled axis grouping is functional in the AUTOMATIC, MDA and
JOG modes.

When a coupled axis grouping is activated, traversal of the leading axis
(e.g. in rapid traverse or incremental feed mode INC1 ... INC10000) causes the
coupled axis to traverse simultaneously as a function of the coupling factor.

A reference point approach does not separate coupled axis groupings.

When deletion of distance-to-go is executed for a leading axis, all axes in the
associated, activated coupled axis groupings are shut down.

Deletion of distance-to-go of a coupled axis only shuts down independent
movements of this axis.

© Siemens AG, 2002. All rights reserved
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Axis Couplings and ESR (M3)

Basic setting after
power-up

Basic setting after
RESET/parts pro-
gram end

2.1 Coupled axes

The grouping status after power-up is dependent on the setting in MD 20112:
STAR_MODE_MASK, i.e.:

* Coupled axis groupings are retained (bit 8=0)

* Coupled axis groupings are invalidated (bit 8=1)

The grouping status after RESET/parts program end is dependent on the
setting in MD 20110: STAR_MODE_MASK,; i.e.:

* Coupled axis groupings are invalidated on RESET/parts program end
(bit 8=0)

* Coupled axis groupings remain active after RESET/parts program end and
parts program start (bit 8=1)

21.4 Effectiveness of PLC interface signals

Independent
coupled axis

Dependent
coupled axis

Leading axis

Position measur-
ing system 1/2
(DB3t1, ...
DBX1.5/1.6)

All relevant channel-specific and axis-specific interface signals of the coupled
axis are effective for the independent motion of this axis, for example
Activate DRF (DB21-28, DBX0.3),

Feed override (DB31-48, DBX0.0 — 0.7)

Axis inhibit (DB31-48, DBX1.3),

Controller enable (DB31-48, DBX2.1),
Activate handwheel (DB31-48, DBX4.0 — 4.2),
Feed stop (DB31-48, DBX4.3), etc.

= For the purpose of independent motion, for example,
* the velocity can be altered via the feed override and

* a DRF offset can be input with the handwheel in the AUTOMATIC and
MDA modes.

With respect to the motion of a coupled axis which is dependent on the leading
axis, only the coupled axis interface signals which effect termination of the
motion (e.g. axis-specific feed stop, axis inhibit, controller enable, etc.) are
effective.

When a coupled axis grouping is active, the interface signals (IS) of the leading
axis are applied to the appropriate coupled axis via the axis coupling, i.e.

* aposition offset or feed control action of the leading axis is applied via the
coupling factor to effect an appropriate position offset or feed control action
in the coupled axis.

* shutdown of the leading axis as the result of an IS (e.g. axis-specific feed
stop, axis inhibit, controller enable, etc.) causes shutdown of the appropriate
coupled axis.

Switchover of the position measuring system for the master and coupled axes is
not inhibited for an active coupled axis grouping. The coupling is not invalidated
on measuring system switchover.

Recommendation: Switch the measuring system over when the coupling is
deactivated.

© Siemens AG, 2002. All rights reserved
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2.1 Coupled axes

215 Special characteristics of function

Control dynamics

Acceleration and
velocity limits

Multiple
couplings

Status of
coupling

Actual value dis-
play

3/M3/2-14

Depending on the application in question, it may be advisable to match the
position controller parameter settings (e.g. servo gain factor) of the master and
coupled axes in a coupled axis grouping. It may be necessary to activate other
parameter sets for coupled motion.

The acceleration and velocity limits of the axes in the coupling are determined
by the “weakest” axis in the coupled axis grouping.

Note

The following applies to coupled axis activated with synchronous action:
If the following axis does not have a sufficient dynamic response (e.g. controller
parameters) to follow the leading axis, an alarm is issued.

If the coupling is activated for a coupled axis grouping which is already active,
then the activation process is ignored and an appropriate alarm generated.

The coupling status of an axis can be interrogated with the system variable
$AA_COUP_ACT]Iaxis identifier]
in the NC parts program.

Coding of SAA_COUP_ACT Meaning
0 No coupling active
1,2,3 Tangential follow-up
4 Synchronous spindle coupling
8 Coupled motion active
16 Master value coupling
32 Following axis of electronic gear
Note

Only one of the 4 coupling modes may be active at any given time.

The display of the actual position and distance to go is updated for all axes in a
coupled axis grouping.

In this case, the distance to go display of the coupled axes refers to the total
path of the motion.

© Siemens AG, 2002. All rights reserved
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2.2 Curve tables

2.2 Curve tables

2.2.1 General functionality

Curve table

Curve segment

Tool radius offset
SW 6.3

Tool radius offset

A functional relation between a command variable “Master value” and an
abstract following value is described in the curve table.

A following variable can be assigned uniquely to each master value within a
defined master value range.

The functional relation can be subdivided into separate sections of the master
value axis, called curve segments.

The relation between the master value and following value is generally
described by a polynomial up to the third order.

From SW 6, polynomials up to the 5th degree are permissible. See also

References: /PGA/, Programming Guide “Advanced”.

As of SW 6.3, curve tables are available in which it is possible to specify the
Tool radius offset in the table definition even if polynomial blocks or blocks with
no motion for an axis, or jumps for the following axis, occur in the curve table
(G41/G42/G40 in the table definition).

Tool radius offset (G41/G42) may be programmed with restriction within a curve
table up to SW 6.2. The contour to be corrected must consist only of linear and
circular blocks and the circular blocks must have a circular plane that
corresponds to that of the offset plane.

For more complex contours (splines, polynomials), the tool radius offset is
available in the table of curves SW 6.3 and higher.

The equidistant curve (tool center point path of the tool radius offset) of a curve
consisting of polynomials can no longer be displayed exactly using polynomials.
The associated curve tables must be approximated stepwise using polynomials
in this case. This means that the number of segments of the curve tables no
longer matches the number of programmed segments. The number of
segments required for the curve table is defined by the bend of the curve. The
larger the bend for the programmed curve, the more segments are required for
the curve table.

On account of the tool radius correction for curve tables, more memory may be
required. The selection option for the memory type means that this need not
produce a shortage of SRAM memory, however.

The tool radius correction can produce segments for which the following axis or
leading axis have no movement. Whereas a missing movement in the following
axis does not cause a problem, the same situation for the leading axis must be
solved by defining the behavior for handling discontinuities.

© Siemens AG, 2002. All rights reserved
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2.2 Curve tables

Defining the
memory type for
curve tables

3/M3/2-16

Machine data MD 20900: CTAB_ENABLE_NO_LEADMOTION can be set to
specify whether or not a curve table is set in this case. The following options are
available:

0:

No curve tables that contain a jump in the following axis are procduced. Alarm
10949 is output and the program processing is aborted.

1:

Curve tables with a jump in the following axis can be generated. If a segment
contains a jump in the following axis, Alarm 10955 is output but the program
processing is continued.

2:

Curve tables with a jump in the following can be created without an alarm being
output.

Note

In the case of a curve table that contains segments without leading axis move-
ment (this means that the following axis jumps at this point), the following axis
can only make a jump within its dynamic limits (max. velocity and max. accel-
eration). This means that there is always a deviation from the programed curve.

As of SW 3, it is possible to specify the memory type to be used for creating he
curve table when defining the curve table. The following options are available:

SRAM
DRAM

Table definitions for memory type SRAM are still available after power up of the
control. Curve tables for DRAM must be re—defined after power up of the
control. Additional machine data have been provided for reserving space in
DRAM:

MD 20905: CTAB_DEFAULT_MEMORY_TYPE defines the memory type if no
memory type has been specified in the table definition (see above).

Storing curve tables in a variety of memory types entails an optional
specification of the memory type in delete calls for curve tables. (see above).

© Siemens AG, 2002. All rights reserved
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2.2.2

Definition

2.2 Curve tables

Programming a curve table

The following modal language commands act on curve tables:
(explanations for the parameters are given at the end of the list of functions)

Beginning of definition of curve table:

CTABDEF(following axis, leading axis, n, applim, memType)
End of definition of curve table:

CTABEND()

Delete curve table(s):

CTABDEL(n) ; Curve table n
CTABDEL(n, m) ; [n < m], several in number range
; Deletion is performed in SRAM and DRAM.

CTABDEL(n, m, memType) ; Delete from specified memory type:

The curve tables with the numbers in the specified range are deleted from
the specified memory type. The others are retained.

Delete all tables in a particular memory type:

CTABDEL(, , “DRAM”) ; Allin DRAM or
CTABDEL(, , “SRAM”) ; All in SRAM:
CTABDEL() ; All, independent of memory type

Read the following value for a master value
CTAB(master value, n, degrees, [following axis, leading axis])
Read the master value for a following value

CTABINV(following value, approx. master value, n, degrees, [following axis,
leading axis])

Read start value (following axis) of a table segment
CTABSSV(leading value, n, degrees, [following axis, leading axis])
Read end value (following axis) of a table segment
CTABSEV(leading value, n, degrees, [following axis, leading axis])

The following functions allow you to enable or inhibit deletion and
overwriting of parts programs:

Set lock against deletion and overwriting.
General form: CTABLOCK(n, m, memType)
Applications of the forms:

Curve table with number n
CTABLOCK(n)

Curve tables in the number range from n tom
CTABLOCK(n, m)

All curve tables irrespective of the memory type
CTABLOCK()
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3/M3/2-18

All curve tables of the specified memory type
CTABLOCK(, , memType)

Cancel locking against deletion and overwriting.

CTABUNLOCK releases the tables locked with CTABLOCK. Tables which
are involved in an active coupling remain locked, i.e. they cannot be deleted.
However, the CTABLOCK command is canceled, i.e. the table can be
deleted as soon as the coupling is deactivated. It is not necessary to call
CTABUNLOCK again.

General form: CTABUNLOCK(n, m, memType)

Applications of the form:
Curve table with number n
CTABUNLOCK(n)

Curve tables in the number range from n tom
CTABUNLOCK(n, m)

All curve tables irrespective of memory type
CTABUNLOCK()

All curve tables of the specified memory type
CTABUNLOCK(, , memType)
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Parameters

2.2 Curve tables

Following axis:
Identifier of axis via which the following axis is programmed in the definition.

Leading axis:
Identifier of axis via which the leading axis is programmed.

n,m
Numbers for curve tables.

The curve table numbers can be freely assigned. They are used exclusively
to uniquely identify a curve table.

In order to delete a curve table area using the command CTABDEL(n, m), m
must be greater than n.

p
Entry location (in memory area memType)

applim:
Behavior at the curve table edges.
— 0 non-periodic (table is processed only once, even for rotary axes)

— 1 periodic, modulo (the modulo value corresponds to the LA table
values)

— 2 periodic, modulo (LA and FA are periodic)

Master value
Position value for which a following value is to be determined.

Following value
Position value for which a master value is to be calculated.

aproxmastervalue

Position value that can be used to determine a unique master value in the
case of an ambiguous reversing function of the curve table.

grad
Parameter in which the pitch of the table function is returned.

memType

Optional parameter for specifying the memory type to be used to create the
curve table.

Possible values:

“SRAM” Curve table is created in static memory

“DRAM” Curve table is created in dynamic memory.
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2.2 Curve tables

Restrictions

Restrictions
as of SW 6.3

Axis assighment

Starting value

Example 1

3/M3/2-20

The following restrictions apply when programming:
* The NC block must not generate a preprocessing stop.
* No jumps must occur in the leading axis motion.

* Any block that contains a travel instruction for the following axis must also
include a movement for the leading axis.

* The direction of motion of the leading axis must not reverse at any point in
the rule of motion, i.e. the position of the leading axis must always be unique
within the sequence of motions.

The programmed contour must not run perpendicular to the leading axis.

* Axis names from gantry axis groups cannot be used to define a table (only
leading axis are possible).

Depending on the setting in MD 20900: CTAB_ENABLE_NO_LEADMOTION,
jumps in the following axis may be tolerated when a movement is missing in the
leading axis. The usual restrictions stated in the previous section still apply.

Does not take effect until coupling is activated with curve table.

Note

The dynamic limit values of the motion commands for a curve table are not
checked until activation or interpolation.

The first motion command in the definition of a curve table defines the starting
value for the master and following value.

All instructions that cause a preprocessing stop must be skipped.

No tool radius correction, no memory type

N100 CTABDEF(AX2, AX1, 3,0)  ;Beginning of definition of non—periodic
;curve table number 3
N110 AX1=0 AX2=0 ;1st travel command determines the
;starting value
;Master value: 0, following value:0
N110 AX1=20 AX2=0 ;1st curve segment:
;Master value: 0...20, following value:
;starting value ...0
N120 AX1=100 AX2=6 :2nd curve segment:
;Master value: 20...100, following value:

0...6
N130 AX1=150 AX2=6 ;3rd curve segment:

;Master value: 100...150, following value 6
N130 AX1=180 AX2=0 ;4th curve segment:

;Master value: 150...180, following value:
6...0
N200 CTABEND ;End of definition, the curve table is

;generated in its internal form.
;Preprocessing reorganizes to state at
;beginning of N100
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Example 2

Reading
table positions

2.2 Curve tables

Example of a curve table with active tool radius correction:

Prior to definition of a curve table with CTABDEF(), the tool radius correction
must not be active; otherwise, Alarm 10942 is output. This means that the tool
radius correction must be activated within the definition of the curve table.
Similarly, it must be deactivated again before the end of the curve table
definition using CTABEND.

N10 CTABDEF(Y, X, 1, 0) ;Beginning of definition of non—periodic
;Periodic curve table number 1

N20 X0 YO

N30 G41 X10 YO ; TR correction ON

N40 X20 Y20

N50 X40 YO

N60 X60 Y20

N70 X80 YO

N80 G40 X90 YO0 ; TR correction OFF

N90 CTABEND

The tool radius correction is activated in block N30; this causes the approach
movement for radius correction to be made in this block. Similarly, the approach
movement for deactivation of the radius correction is made in block N80.

Note

The value pairs between CTABDEF and CTABEND must be specified for pre-
cisely the axis identifiers that have been programmed in CTABDEF as the lead-
ing axis and following axis identifiers. In the case of programming errors,
alarms or incorrect contours may be generated.

With the program commands CTAB and CTABINV you can read off the following
value for a master value (CAB) from the parts program and from synchronous
actions, or the reversal of the curve table, i.e. read off the master value for a
following value. With the aid of the pitch value, you can calculate the speed of
the following axis or leading axis at any position in the table.
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Reading segment
positions

Optional parame-
ters

CTABINV

3/M3/2-22

The segment positions of a curve table for the value for the following axis can
be read using the calls:

CTABSSV
CTABSEV

The language commands CTABSSV and CTABSEV generally provide the start
and end values of the internal segments of the curve tables for the following
axis. These values only agree with the programmed values of the curve tables if
the programmed segments can be converted 1:1 to the internal segments of the
curve table. This is always ensured if only G1 blocks or axis polynomials are
used to defined the curve tables and no other functions are active.

The programmed segments may be modified when converted to the internal
segments of the curve tables in the following cases:

1. Circles or involutes are programmed

2. Chamfer or rounding is active (CHF, RND)

3. Smoothing with G643 is active

4. Compressor is active (COMPON, COMPCURYV, COMPCAD)
5. Tool radius correction is active for polynomial interpolation.

In these cases, the language commands CTABSSV and CTABSEV may not be
sued to query the start and end points of the programmed segments. An
example for reading the start and end values of the segment is given in:

References: PGA, Programming Guide, Production Planning

The functions CTAB, CTABINV, CTABSSV and CTABSEV have optional
parameters for the leading and following axes. If one of these parameters is
programmed, the master value and following value are modified using the
scaling factors of the relevant axes.

This is particularly important if axes have been configured with different length
units (inch/metric). If no optional parameters are programmed, the master value
and following value are treated as path positions in the conversion from external
to internal representation. This means that the values are multiplied according
to the configured resolution (decimal places) and the remaining decimal places
truncated.

When using the inversion function for the curve tables (CTABINV), you must
note that the following value mapped to the leading value may not be unique.

Within a curve table, the following value can assume the same value for any
number of master value positions. In order to resolve this ambiguity, the
program command CTABINV requires a further parameter, in addition to the
following value, which it uses to select the 'correct’ master value. CTABINV
always returns the master value that is closest to this auxiliary parameter. This
auxiliary value can, for example, be the master value from the previous
interpolator cycle.
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Activation

Multiple use

Deactivation

Example

Using
memory

SRAM

2.2 Curve tables

Note

Although the auxiliary parameter permits calculation of a unique result for the
reversal function of the curve table, it should be noted that numerical inaccura-
cies may give rise to contours, which can cause the reversal function to pro-
duce results that deviate from those that would be obtained in a calculation
where the accuracy is unrestricted.

Coupling a real axis to a curve table:
LEADON (following axis, leading axis, n)  n=number of curve table

The coupling between an existing channel axis and master value can be
established via a curve table

® in a parts program or

* in the definition of a synchronous action.

A curve table can be used several times in a single parts program to couple
different channel axes.

LEADOF (following axis, leading axis)

You can deactivate the function both in the program and using synchronous
actions.

N1000 LEADON(A, X, 3) ;axis A follows the master value X according to
;the rules of motion defined in curve table

;number 3.

N1010  LEADOF(A, X) ;the coupling of axis A to its master value
;is canceled.

N10010 CTABDEL(3) ;curve table number 3 is deleted,

;itis no longer available for
;activation of a coupling.

The memory available in SRAM and DRAM (from SW 6.4) for the curve tables is
limited.

MD 18400: MM_NUM_CURVE_TABS specifies the number of curve tables that
can be stored in SRAM.

18402: MM_NUM_CURVE_SEGMENTS specifies the number of curve table
segments that can be stored in SRAM

18404: MM_NUM_CURVE_POLYNOMS specifies the number of curve table
polynomials that can be stored in SRAM.
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DRAM

Preliminary table

Insufficient
memory

Same table
number

Overwriting curve
tables

Deleting curve
tables

Transformation

3/M3/2-24

MD 18406: MM_NUM_CURVE_TABS_DRAM specifies the number of curve
tables that can be stored in DRAM.

MD 18408: MM_NUM_CURVE_SEGNENTS_DRAM specifies the number of
curve table segments that can be stored in DRAM.

MD 18410: MM_NUM_CURVE_POLYNOMS_DRAM specifies the number of
curve table polynomials that can be stored in DRAM.

When a new curve table is created, a temporary curve table is set up first in
the memory and then extended block by block. On completion (CTABEND), the
table is checked for consistency. The temporary table is converted to a table
than can be used in a coupling only if it is found to be consistent.

If there is insufficient memory available to create a new curve table, the
temporary table is deleted again as soon as the appropriate alarm is activated.

If there is insufficient memory, one or more tables that is/are no longer required
can be deleted with CTABDEL or, alternatively, the memory re-configured via
the appropriate MD.

A new curve table may have the same number as an existing table. The new
curve table then overwrites the existing table with the same number. This is
done only if the new curve table does not contain any errors. If an error is
detected in the new table, the old table is not overwritten.

If the user wishes to have the option of overwriting an existing curve table
without deleting it first, then he will need to dimension the table memory such
that there is always enough extra memory to accommodate the table to be
overwritten.

Curve tables that are not active in a master value coupling may be overwritten.

Curve tables that are not active in a leading value coupling may be deleted.

Transformations may not be programmed in curve tables. RAANG is an
exception. If TRAANG is programmed, the motion rule programmed in the basic
coordinate system is transformed to the associated machine coordinate system.
In this way, it is possible to program a curve table as Cartesian coordinates for a
machine with inclined linear axes.

The condition which stipulates that “the direction of motion of the leading axis
must not reverse at any point of the motion rules” must then be satisfied in the
machine coordinate system. It must be noted that this condition in the basic
coordinate system does not have the same meaning as in the machine
coordinate system, since the contour tangents are changed by the
transformation.
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Generating curve
tables (example)

2.2 Curve tables

with linear blocks:

%_N_TAB_1_NOTPERI_MPF
;$PATH=/_N_WKS_DIR/_N_CURVETABLES_WPD

;Def. TAB1 0—100mm Kue1/1 non-perio.

N10 CTABDEF(YGEO,XGEO,1,0) ;FA=Y LA=X Curve No.=1 Non—perio
N1000 XGEO=0 YGEO=0 ; start values

N1010 XGEO=100 YGEO=100

CTABEND

M30

with polynomial blocks:

%_N_TAB_1_NOTPERI_MPF
;$PATH=/_N_WKS_DIR/_N_CURVETABLES_WPD

;Def. TAB1 0—100mm Kue1/1 non-perio.

N10 CTABDEF(Y,X,1,0) ;FA=Y LA=X Curve No.=1 non-perio

N16 G1 X0.000 Y0.000

N17 POLY PO[X]=(31.734,0.352,-0.412) PO[Y]=(3.200,2.383,0.401)
N18 PO[X]=(49.711,-0.297,0.169) PO[Y]=(7.457,1.202,—0.643)
N19 PO[X]=(105.941,1.961,-0.938) PO[Y]=(11.708,—6.820,—1.718)
N20 PO[X]=(132.644,-0.196,-0.053) PO[Y]=(6.815,—2.743,0.724)
N21 PO[X]=(147.754,-0.116,0.103) PO[Y]=(3.359,-0.188,0.277)
N22 PO[X]=(174.441,0.578,-0.206) PO[Y]=(0.123,1.925,0.188)
N23 PO[X]=(185.598,-0.007,0.005) PO[Y]=(—0.123,0.430,-0.287)
N24 PO[X]=(212.285,0.040,-0.206) PO[Y]=(—3.362,—2.491,0.190)
N25 PO[X]=(227.395,-0.193,0.103) PO[Y]=(—6.818,—0.641,0.276)
N26 PO[X]=(254.098,0.355,-0.053) PO[Y]=(—11.710,0.573,0.723)
N26 PO[X]=(254.098,0.355,-0.053) PO[Y]=(—11.710,0.573,0.723)
N27 PO[X]=(310.324,0.852,-0.937) PO[Y]=(-7.454,11.975,—1.720)
N28 PO[X]=(328.299,-0.209,0.169) PO[Y]=(—3.197,0.726,—0.643)
N29 PO[X]=(360.031,0.885,-0.413) PO[Y]=(0.000,—3.588,0.403)
CTABEND

N30 M30

2.2.3 Behavior in AUTOMATIC, MDA, JOG modes

Effectiveness

Basic setting after
power-up

An activated curve table is functional in the AUTOMATIC, MDA and
JOG modes.

No curve tables are active after power-up.
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224 Effectiveness of PLC interface signals

Dependent
Following axis

Leading axis

Position measur-
ing system 1/2
(DB3t1, ...
DBX1.5/1.6)

With respect to the motion of a following axis which is dependent on the leading
axis, only the following axis interface signals which effect termination of the
motion (e.g. axis-specific feed stop, axis inhibit, controller enable, etc.) are
effective.

When a coupled axis grouping is active, the interface signals (IS) of the leading
axis are applied to the appropriate following axis via the axis coupling, i.e.

* A feed control of the leading axis causes a corresponding feed control of the
following axis.

* Shutdown of the leading axis as the result of an IS (e.g. axis-specific feed
stop, axis inhibit, controller enable, etc.) causes shutdown of the appropriate
following axis.

Switchover of the position measuring system for the leading and following axes
is not inhibited for an active coupled axis grouping. The coupling is not
invalidated on measuring system switchover.

Recommendation: Switch the measuring system over when the coupling is
deactivated.

225 Diagnostics and optimization of resource utilization

3/M3/2-26

The following functions permit parts programs to obtain current

* information about the assignment of resources for curve tables, table
segments and polynomials

One result of the diagnostic functions is that resources still available can be
used dynamically with the functions in 2.2.2 without necessarily having to
increase the memory requirement. The description of the parameters in 2.2.2
also applies to the following functions.

a) Curve tables

* Determine total number of defined tables.
The definition applies to all memory types (see also CTABNOMEM)
CTABNO()

® Determine number of tables defined in SRAM or DRAM memory.
CTABNOMEM(memType)
If memType is not specified, the memory type set in
MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
>= 0 Number of defined tables
—2  Invalid memory type
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* Determine number of curve tables still possible in memType.
CTABFNO(memType)
If memType is not specified, the memory type set in
MD 220905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
>= 0 Number of possible tables
-2 Invalid memory type

* Determine number of pth table in the optionally specified memory type
CTABID(p, memType)
If memType is not specified, the memory type in
MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
Table number or
alarm for invalid p or memType

* Query blocking status

Table n

CTABISLOCK(n)

Result:

>0 Table is blocked
Reason for blocking:
1 by CTABLOCK()
2 by active coupling
3 by CTABLOCK() and active coupling

=0 Table is not blocked

—1 Table doe snot exist

® Check whether curve table exists
CTABEXISTS(n)
Result:
1 Table exists
0 Table does not exist

* Determine memory type of a curve table
CTABMEMTYP(n)
Result:
0 Table in SRAM
1 Table in DRAM
—1 Table does not exist

* Determine whether table is defined as periodic
CTABPERIOD(n)
Result:
0 Table is not periodic
1 Table is periodic in the leading axis
2 Table is periodic in the leading and following axes
—1 Table does not exist
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3/M3/2-28

b) Curve table segments

Determine number of curve table segments used in memory memType.
CTABSEG(memType)

If memType is not specified, the memory type set in

MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.

Result:

>=0 Number of curve segments

—2  Invalid memory type

Determine number of curve table segments used for a particular curve table
CTABSEGID(n)

Result:

>=0 Number of curve segments

-1 Curve table with number n does not exist.

Determine number offree curve segments of memory type
CTABFSEG(memType)

If memType is not specified, the memory type set in

MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:

>=0 Number of curve segments still free

—2  Invalid memory type

Determine maximum number of curve segments of memory type
CTABMSEG(memType)

If memType is not specified, the memory type set in

MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.

Result:

>=0 Maximum number of possible curve segments

—2  Invalid memory type
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c) Polynomials

® Determine number of polynomials used for memory type
CTABPOL(memType)
If memType is not specified, the memory type set in
MD 22905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
>=0 Number of polynomials used in memory type
—2  Invalid memory type

® Determine number of curve polynomials used by a curve table
CTABPOLID(n)
Result:
>=0 Number of curve polynomials used
-1 Curve table with number n does not exist

® Determine number of polynomials free for memory type
CTABFPOL(memType)
If memType is not specified, the memory type set in
MD 220905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
>=0 Number of curve polynomials still free
-2 invalid memory type

® Determine number maximum possible number of polynomials for memory
type CTABMPOL(memType)
If memType is not specified, the memory type set in
MD 220905: CTAB_DEFAULT_MEMORY_TYPE applies.
Result:
>=0 Maximum possible number of curve polynomials
-2 Invalid memory type
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2.3 Master value coupling

2.3 Master value coupling

2.3.1 General functionality

Introduction

Function

Master value ob-
ject

Virtual leading
axis/simulated
master value

3/M3/2-30

Master value couplings are divided into axis and path master value couplings.
In both cases, the axis and path positions are defined by the control on the
basis of master values (e.g. positions of another axis).

Axis master value coupling

The axis master value coupling is an axis coupling with motion rules that are
represented internally as a one-dimensional real function, a curve table (see
Subsection 2.2.1).

Is the input variable for the curve table.

The following can be defined as the position of the master value object:
* The axis actual position (actual value measured by encoder) or

* the setpoint (calculated by the interpolator).

* |f the leading axis is interpolated by the same NCU, the setpoint value
coupling produces a better following response than is possible for
actual-value coupling (in the same IPO cycle).

* |f the leading axis is not interpolated by the same NCU, the interpolator that
is implemented in the NCU for this particular leading axis can be used for
master value simulation. To do this set MD 30132: IS_VIRTUAL_AX=1.

Note

Setpoint coupling is the default for the master value object.

When switching over to master value coupling, the simulation can be
programmed with the last actual value read, whereas the path of the actual
value is generally outside the control of the NCU.

If, for master value simulation, i.e. depending on MD 30132:
IS_VIRTUAL_AX=1, the master value object is switched from actual-value
coupling to setpoint value coupling and a traversing command issued for the
leading axis in the same interpolator cycle, the interpolator for the axis is
initialized by the NCK such that the master value produces a constant path in
the first derivation.

® Separation of IPO and Servo
® Actual values of the axis are recorded

® Setpoint values are produced by IPO but not passed on to the servo motor
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Offset and scaling

2.3 Master value coupling

MD 30130: CTRLOUT_TYPE[n] defines the setpoint value output of the axis

type.

Simulated axis
Standard real axis
Stepper motor FM-NC
Not assigned

roONM=2O

The setting data below are used for this:

e SD 43102: LEAD_OFFSET_IN_POS

e SD 43104: LEAD_SCALE_IN_POS

* SD 43106: LEAD_OFFSET_OUT_POS
e SD 43108: LEAD_SCALE_OUT_POS

Path setpoint coupling (virtual axis) for external axes

The setpoint value for the following axis can be shifted and scaled.

If (x) is a periodic curve table and this is interpreted as vibration, the offset and

scaling can also be interpreted as follows:

e SD 43102: LEAD_OFFSET_IN_POS[Y]
offsets the phase of the vibration

e SD 43104: LEAD_SCALE_IN_POSJY]

e SD 43106: LEAD_SCALE_OUT_POSJ[Y]
affects the amplitude

e SD 43108: LEAD_OFFSET_OUT_POSIY]
offsets the center point of the vibration

If the coupling is activated and synchronous, the new set position is approached

as soon as values are written to these setting data.

$SA_LEAD_SCALE_IN_POS[FA]

The input value is multiplied. The output value is multiplied.

$SA_LEAD_SCALE_OUT_POS[R]

Setting data active outside the table defini-
tion, even in the negative direction.

FA FA
200mm T _ 200mm| L [
100 mm ! 100 mm
1 =1 1 = -
-_— 1 S — 1
e
/s
LA /
0mm Qmm
N 1 100 mm 200 mm
100 mm 200 mm RN
N\
N
Table definition for example: N 1
AMomm | N=T1
CTABDEF(FA,LA,CTABNR,1)
LA=0 FA=0 '
LA=100 FA=100
CTABEND 200 mm N _2

With IN, SCALE is NOT active outside TAB!

With OUT, SCALE is active outside TAB!

Fig. 2-2 Master value coupling offset and scaling (multiplied)
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$SA_LEAD_OFFSET_IN_POS[]

The calculated position of the master
value is offset by the increment speci-

$SA_LEAD_OFFSET_OUT_POS[R]

The calculated position of the following axis
is offset by the specified increments. If the

fied.

N
200 mm|

TAB is offset beyond the FA LEADON posi-
tion, the link cannot be activated.

Setting data active outside the table defini-
tion, even in the negative direction.

'+50mm ' .50 mm '

200 mm |

100 mm

neus LAOmR " +50 "

100 mm

50mm

A

§50mm 100 mm

With IN, OFFSET is not active outside TAB!

With OUT, OFFSET active outside TAB!

Fig. 2-3

Reaction to stop

Interface to axis
exchange

3/M3/2-32

Master value coupling offset and scaling (with increment offset)

All following axes coupled to the master value react to channel stop and
MODE GROUP stop.

Following axes coupled to the master value react to a stop due to end of
program (M30, M02) if they have not been activated by static synchronous
actions (IDS=...). (Note MD 20110: RESET_MODE_MASK: MD 20112:
START_MODE_MASK)

Leading axis and following axis must always interpolate in the same channel. A
following axis in a different channel cannot be coupled (axis exchange).

START and mode change enable a following axis in the master value coupling
that has been stopped.

RESET also enables a stopped following axis in the master value coupling. If
enabling by RESET is not desired, or if it is dangerous (e.g. because the
following axis is coupled to an external master value not controlled by the NC),
MD 20110: RESET_MODE_MASK should be programmed so that the master
value couplings are deactivated on RESET (2001H, i.e. set bit 13 to 1).

A following axis that is coupled to a leading axis receives its setpoint values
from the tables of curves. Overlaid programming of this axis is not possible
in the parts program. Thus, the following axis coupled by the master value is
removed from the channel in the same way as for axis exchange. This is carried
out automatically when the coupling is activated in the parts program.

If the coupling is to be activated with synchronous actions, it must be prepared
beforehand with RELEASE, otherwise the alarm 16777 “Channel %1 block %2
master value coupling: Following axis %3 no longer available for leading axis
%4” is issued.
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After a master value coupling has been deactivated, the former following axis
can be programmed again in the parts program.

Spindles in the A spindle can only be used as the master-value-coupled following axis if it has
master value cou- been switched to axis mode beforehand. The machine data parameter block of
pling the axis drive then applies.

Example (activate from synchronous action):

SPOS=0

B=IC(0xb) ; switch spindle to axis mode

RELEASE(Y) ; enable for synchronous action
ID=1 WHEN ($AA_IM[X]<-50) DO LEADON(B,X,2)
;Y is coupled to X using curve table no. 2

2.3.2 Programming a master value coupling

Definition and A master value coupling is defined and activated simultaneously with the modal
activation command for:

* Axis master value coupling
LEADON(FA, LA, CTABn)

— FA=following axis, as GEO axis name, channel or machine axis name
XY, Z,...).

— LA=leading axis, as GEO axis name, channel or machine axis name
(X,Y,Z,...). Software axis possible (MD 30130 : CTRLOUT_TYPE=0)

— CTABn=number of the curve table 1 to 999
Example: LEADON(Y,X,1) FA=Y, LA=X, curve number=1

No reference point is necessary to activate the coupling (KOP). A defined
FA cannot be traversed in JOG mode (not even if the interface signal
synchronism FINE/COARSE is not yet present). An activated coupling must
first be deactivated with LEADOF before it can be activated again with
LEADON, or note MD 20112: START_MODE_MASK/MD 20110:
RESET_MODE_MASK

Error message: 16792 “Too many couplings for axis/spindle”
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LINK ON and synchronous with FA
Leading axis: position Leading axis:

Travel direction .
Travel direction

- ~%) LINKON - LINK ON

Following axis Following axis
The link is not activated until the LA reaches The link is not activated until the LA reaches
the table area of the FA. the table area of the FA.

Overlaying after LINK ON with handwheel DRF

Leading axis:

In the coupled state, the following axis is
overlaid with AUTO DRF mode.

Overlaying

Following axis

Fig. 2-4 Activating the master value coupling

Deactivation A master value coupling is deactivated with the model command for:

* Axis master value coupling
LEADOF(FA, LA)

— FA=following axis, as GEO axis name, channel or machine axis name
X,Y,Z,...).

— LA=leading axis, as GEO axis name, channel or machine axis name
(X,Y,Z,...). Software axis possible (MD 30130 : CTRLOUT_TYPE=0)
Example: LEADOF(Y,X) FA=Y, LA=X

When the axis master value coupling is deactivated the following axis
becomes the command axis and a stop command is generated implicitly for
the following axis. The stop command can be overwritten by another
command with a synchronous action.

Note

Activating and deactivating the axis master value coupling with LEADON,
LEADOEF is permissible both in the parts program and in synchronous actions.

References: /FB/, S5, “Synchronous actions”
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Type of coupling

Readable system
variables of the
master value

Readable and writ-
able master value
variables

Detecting synchro-
nism

2.3 Master value coupling

Setting data SD 43100: LEAD_TYPE[LA] specifies the coupling type.
Switchover between actual and setpoint value coupling is possible at any time,
preferably in the idle phase.

LA: Leading axis as GEO axis name, channel axis name or machine axis name
(X’szr)

0: Actual-value coupling (this type of coupling must be used for external
Leading axis)

1: Setpoint value coupling (default)

2: Simulated master value (note that the virtual axis is not evaluated for
FA)

The system variables of the master value can be read from the parts program
and from synchronous actions:

e S$AA_LEAD_V[ax] ;Velocity of the leading axis
e $AA_LEAD_Plax] ;Position of the leading axis

e $AA_LEAD_P_TURN ;Master value position: the part that is deducted in
the modulo reaction. The actual (non
modulo-reduced) position of the master value is
$AA_LEAD_P_TURN+$AA_LEAD_P.

The velocities and positions of simulated master values (when
$SA_LEAD_TYPE[ax]=2) can be written in and read from the parts program
and synchronous actions:

e $AA_LEAD_SV[ax] ;simulated master value velocity per IPO cycle
e S$AA_LEAD_SPlax] ;simulated position in MCS

System variable $AA_SYNC[ax] that can be read from the parts program and
synchronous action indicates whether and how following axis FA is
synchronized:

0: Not synchronized

1: Synchronism coarse (according to MD 37200:
COUPLE_POS_TOL_COARSE)

3: Synchronism fine (according to MD 37210:
COUPLE_POS_TOL_FINE)

The information from system variable $AA_SYNCJax] corresponds to the
assigned VDI signals:

NST “Synchronism fine” DB 31, ... DBX98.0 und
NST “Synchronism coarse” DB 31, ... DBX98.1

Note

If the following axis is not enabled for travel it is stopped and is no longer syn-
chronous.
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2.3 Master value coupling

2.3.3 Response in AUTOMATIC, MDA, JOG

Effectiveness

Manual operation

Referencing

Deletion of
distance-to-go

Basic setting after
power ON

Behavior after NC
start/RESET

Activating,
deactivating

3/M3/2-36

A master value coupling is active depending on the settings in the parts
program and in the machine data MD 20110: RESET_MODE_MASK and MD
20112: START_MODE_MASK.

When an axis master value coupling is activated, the traversing movement of
the leading axis (e.g. in rapid traverse or incremental dimension INC1 ...
INC10000) causes a following axis to traverse as a function of the definition in
the curve table.

A following axis coupled with a leading axis is to be referenced prior to
activation of the coupling. The following axis cannot be referenced when the
coupling is activated.

When deletion of distance-to-go is performed for a leading axis, all axes in the
associated, activated master value coupling are shut down.

No master value couplings are active after power ON (options with ASUB).

The behavior after NC start/RESET is determined by the setting in MD 20110:
RESET_MODE_MASK (bit 13) and MD 20112: START_MODE_MASK (bit 13):

e MD 20110: RESET_MODE_MASK=2001H && MD 20112:
START_MODE_MASK=0H
==> Master value coupling remains valid after RESET and START

e MD 20110: RESET_MODE_MASK=2001H && MD 20112:
START_MODE_MASK=2000H
==> Master value coupling remains valid after RESET and is cancelled
on START.
Master value coupling activated per IDS=... remains valid however.

e MD 20110: RESET_MODE_MASK=1H
==> Master value coupling is cancelled with RESET, independently of
MD 20112: START_MODE_MASK
Master value coupling activated per IDS=... is deactivated
only via operator panel front reset and remains valid after program
end/reset (M30, M02).

e MD 20110: RESET_MODE_MASK=0H
==> Master value coupling remains valid beyond RESET and is
invalidated on START, independently of MD 20112:
START_MODE_MASK.
Master value coupling activated per IDS=... remains valid however.

References: /FB/, K2, “Coordinate System, Axis Types, Axis Configurations, ...”

Master value couplings activated per synchronous action (IDS=...) are

* not deactivated during program start, irrespective of the value for
MD 20110: RESET_MODE_MASK and MD 20112: START_MODE_MASK.

* not deactivated during program end reset (M30, M02), irrespective of the
value for MD 20110: RESET_MODE_MASK.
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234 Effectiveness of PLC interface signals

Leading axis

Position measur-
ing system 1/2
(DB31, ...
DBX1.5/1.6)

When a master value coupling is active, the interface signals (IS) of the leading
axis are applied to the appropriate following axis via the axis coupling, i.e.

* afeed control action of the leading axis is applied via the master value
coupling to effect an appropriate feed control action in the following axis.

* Shutdown of the leading axis as the result of an IS (e.g. axis-specific feed
stop, axis inhibit, controller enable, etc.) causes shutdown of the appropriate
following axis.

Switchover of the position measuring system for the leading and following axes
is not inhibited for an active coupled axis grouping. The coupling is not
invalidated on measuring system switchover.

Recommendation: Switch the measuring system over when the coupling is
deactivated.

235 Special characteristics of axis master value coupling function

Dynamic response
of control system

Status of
coupling

Actual-value
display

Interpolation

Archiving

Depending on the application in question, it may be advisable to match the
position controller parameter settings (e.g. servo gain factor) of the leading axis
and coupled axis in an axis grouping. It may be necessary to activate other
parameter sets for the following axis. The dynamics of the following axis should
be the same or better than those of the leading axis.

See Subsection 2.1.5.

The display of the actual value is updated for all axes of an axis grouping (only
real axes) coupled via a master value.

When the movement defined in the curve table is interpolated, an axis position
and axis speed are calculated for a master value and its speed.

The curve tables generated by the definition of motion sequences are stored in
the battery-backed memory.

The curve tables are not lost when the control is switched off.

These functions have no effect on cyclic machines because they are performed
without operator actions. Nor does it make sense to perform automatic
(re-)positioning via the NC with external master values.
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24 Electronic gear EG (SW 5 and higher)

Function The “Electronic gear” function can be used to interpolate the motion of a
following axis FA as a function of up to five leading axes LA. The relationship
between each leading axis and the following axis is defined by a coupling factor.
The following axis motion components derived in this manner from the
individual leading axis motion components have an additive effect.

FAget = SynPosFA + (LA;_SynPosLA{)*KF; +... +(LAs_SynPosLAg)*KFs

where:

SynPosFA, SynPosLA; From call EGONSYN (see below)

FAget Part setpoint of following axis

LA; Setpoint or actual value of leading axis i
(dependent on coupling type (see below)

KF; Coupling factor of leading axis i (see below)

All paths are referred to the basic coordinate system BCS.

When an EG axis grouping is activated, it is possible to synchronize the leading
axes and following axis in relation to a defined starting position.

An EG axis grouping can be
¢ defined,

* activated,

¢ deactivated,

® deleted

from the parts program.

Expansions from As of Software Release 6, the influence of each of the 5 leading axes can be
SW 6 specified through a curve table (see Section 2.2) as an alternative to a gear
ratio (KF=numerator/denominator).

It is thus possible for each curve (except for the special case of a straight line)
for the leading axis to influence the following axis in a non-linear manner. The
function can only be used with EGONSYN.

As of SW 6.3,
the function EG wit curve tables can be activated with EGON.

As of SW 6.4
The function EGONSYNE is available for approaching the synchronous position
of the following axis with a specified approach mode.

For special applications, it can be expedient to configure the position controller
as a Pl controller.

i”t Caution
Knowledge of the control technology and measurements with servo trace are
an absolute prerequisite for using this function.
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Coupling type

Coupling factor

Number of EG axis
groupings

EG cascading
SW 6

2.4 Electronic gear EG (SW 5 and higher)

References: See /IAD/. Installation and Start-Up Guide
/FB/, G2, Vecolities, Setpoint/Actual Value Systems, Control

The following axis motion can be derived from either of the following:
* Setpoints of leading axes
® Actual values of leading axes

The reference is set in the definition call for the EG axis grouping:

EGDEF (For more details, see Subsection 2.4.2).

The coupling factor must be programmed for each leading axis in the grouping.
It is defined on the basis of numerators/denominators.

The coupling factor values “numerator” and “denominator” are specified for
each leading axis in the activation calls

EGON
EGONSYN
EGONSYNE

(For more details, see Subsection 2.4.3).

Several EG axis groupings can be defined at the same time. The maximum
possible number of EG axis groupings is set in

MD 11660: NUM_EG.

The maximum permissible number of EG axis groupings is 31.

Note

The option must be enabled.

Electronic gears can be switched in series. This means: the following axis of an
EG can take the place of a leading axis of a series-connected EG. Chapter 6
contains a detailed example of this.
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cascading also possible

“Software” axis

X

Fig. 2-5 Block diagram of an electronic gear

Synchronized
positions

Synchronization

3/M3/2-40

To start up the EG axis grouping, you can first request an approach to defined
positions for the following axis.
Synchronized positions are programmed with

EGONSYN
EGONSYNE

(see below for details).
(extended EGONSYN call).

If a gear is started with EGON(), EGONSYN() or EGONSYNE() see below, the
actual position of the following axis is only identical to the setpoint position
defined by the rule of motionn of the gear specified by the positions of the
leading axes at this time if the parts program developer makes sure that it is.
The control then uses the motion of the following axis to ensure that the setpoint
and actual positions of the following axes correspond as quickly as possible it
the leading axes are moved further. This procedure is called synchronization.
After synchronization of the following axis, the term synchronous gearing is
used.
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EGONSYNE

Synchronism
monitoring

Changes in the
deviation in
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2.4 Electronic gear EG (SW 5 and higher)

An electronic gear can be activated in two different ways:

1. On the basis of the axis positions that have been reached up to now in the
course of processing the command to activate the EG axis group is issued
without specifying the synchronizing positions for each individual axis.
EGON see 2.4.3.

2. The command to activate the EG axis group specifies the synchronized
positions for each axis. From the point in time when these positions are
reached, the EG should be synchronized. EGONSYN see Subsection 2.4.3.

3. The command to activate the EG axis group specifies the synchronized
positions and approach mode for each axis. From the point in time when
these positions are reached, the EG should be synchronized. EGONSYNE
see 2.4.3.

With EGON(), no specifications are made for the positions at which the following
axis is to be synchronized. The control activates the EG and issues the signal
“Synchronized position reached”.

With EGONSYN(), the positions of the leading axes and the synchronizing
position for the following axis is specified by the command.

The control then traverses the following axis with just the right acceleration and
speed to the specified synchronization position so that the following axis is in
position with the leading axes at its synchronization position.

With EGONSYNE(), the positions of the leading axes and the synchronizing
position for the following axis is specified by the command.

The control moves the following axis to the synchronized position according to
the program approach mode.

The synchronism of the gear is monitored in each interpolator cycle on the basis
of the actual values of the slave and leading axes. For this purpose, the actual
values of the axes are computed according to the rule of motion of the coupling.
The deviation in synchronism is the difference between the actual value of
the following axis and the value calculated from the leading axis actual values
according to the rule of motion. The deviation in synchronism called be polled
from the parts program. See below.

The mass inertia of the axis systems during acceleration can cause dynamic
fluctuations in the deviation in synchronism. The deviation in synchronism is
checked continuously and the tolerance values in the machine data used to

produce interface signals.

The deviation in synchronism is compared with machine data
MD 37200: COUPLE_POS_TOL_COARSE,
MD 37210: COUPLE_POS_TOL_FINE.

Depending on the result of this comparison, the following signals are set:
IS “Synchronous run, fine” DB 31, ... DBX 98.0
IS “Synchronous run, coarse” DB 31, ... DBX 98.1
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Difference
> ..TOL_COARSE

Difference
< ..TOL_COARSE

Difference
< ..TOL_FINE

Deviation in syn-
chronism for EG
cascades SW 6

As long as the difference in the synchronous run is greater than MD 37200:
COUPLE_POS_TOL_COARSE, the gear is not synchronized and neither the IS
“Synchronization coarse” DB 31, ... DBX 98.1 nor IS “Synchronization fine” DB
31, ... DBX 98.0 are present at the interface. Instead, the signal IS
“Synchronization in progress” DB 31, ... DBX 99.4 is displayed.

If the difference in the synchronous run is less than MD 37200:
COUPLE_POS_TOL_COARSE, IS “Synchronous run, coarse” ” DB 31, ... DBX
98.1 is present at the interface an IS “Synchronization in progress” DB 31, ...
DBX 99.4 is deleted.

If the difference in the synchronous run is less than MD 37210:
COUPLE_POS_TOL_FINE, IS “Synchronous run, fine” DB 31, ... DBX 98.0 is
present at the interface.

Deviation in synchronism for EG cascades is the deviation of the actual position
of the following axis from setpoint position that results fro the rule of motion for
the real axes involved.

Example:

LA1

LA1 FA1

EG1
FA2
EG2
EG3 FA3
LA2 LA2
FA; — Following axis from EG; LA; — Real leading axis;

Fig. 2-6 Three-level EG cascade

Other signals

3/M3/2-42

The deviation in synchronism of following axis FA3 in the example below is
determined by the by the value of following axis FA3¢t and the value of leading
axis FA2pqt and LA2,¢, but not by LA1 ¢t and FA1 5t according to the definition
given.

If FA2 is not a real axis, the actual value FA2, is not available. In this case, the
setpoint of the axis derived solely from the leading axis value FA1 ¢ must be
used instead of the actual value of the setpoint of the axis.

If an EGON(), EGONSYN() or EGONSYNE() block is encountered in the main
run, the signal "Coupling active is set for the following axis. If the following axis
is only overlaid, the signals “Coupling active” and “Axis override” are set. If
EGON(), EGONSYN() or EGONSYNE() is active and the following axis is also
overlaid, the signals “Coupling active” and “Axis override” are also set.
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2.4 Electronic gear EG (SW 5 and higher)

IS “Following spindle active” DB31, ... DBX 99.1 Coupling active,
IS “Overlaid movement” DB31, ... DBX98.4 Axis is overlaid,
IS “Enable overlay for following axis” DB31, ... DBX26.4

In the case of the commands EGON() and EGONSYNE(), the signal “Enable
following axis override” must be present for the gear to synchronize to the
specified synchronization position for the following axis. If it is not present, alarm
16771 “Override movement not enabled” is issued. If the signal is present, the
following axis travels to the synchronized position with the calculated
acceleration and at the speed set for the approach mode.

With machine data MD 37550: EG_VEL_WARNING,

it is possible to specify a % block of the velocities and accelerations in
MD 32000: MAX_AX_VELO
MD 32300: MAX_AX_ACCEL

in relation to the following axis; the interface signals:
NST “Velocity warning threshold” DB 31, ... DBX 98.5
NST “Acceleration warning threshold” DB 31, ... DBX 98.6
are produced with this value. The monitoring signals can be used as trigger
criteria for emergency retraction. See 2.6.5.

A maximum drift value for automatic compensation is activated in machine data
MD 37560: EG_ACC_TOL see Chapter 4
a % block can be defined relative to
MD 32300: MA_MAX_AX_ACCEL
of the following axis; if the value is exceeded, the signal
NST “Axis accelerated” DB 31, ... DBX 99.3
is produced.

The result of the synchronism deviation calculation can be read as an amount in
the parts program with system variable $VA_EG_SYNCDIFF. The relevant
value with sign is available from SW 6.4 in the system variables
$VA_EG_SYNCDIFF_S. It means:

— Negative value (for leading axis and following axis in positive direction of
motion):
The following axis stays behind the computed setpoint position.

— Positive value (for leading axis in positive direction of motion):
The following axis is in front of its computed setpoint position
(overshoot).

The amount of the synchronization difference with sign corresponds to the
system variables without sign from $VA_EG_SYNCDIFF.

$VA_EG_SYNCDIFF[ax] = ABS($VA_EG_SYNCDIFF_S[ax])

When an EG axis grouping is activated, it is possible to specify the conditions
under which a parts program block change is to be executed:

The conditions are specified by means of string parameters with the following

meanings:
“NOC” Change block immediately
“FINE” Change block in response to “Fine synchronism” signal

“COARSE” Change block in response to “Coarse synchronism” signal
“IPOSTOP” Change block in response to “setpoint-related synchronism” signal
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Note

When programmed in activation calls EGON, EGONSYN, EGONSYNE, each
of the above strings can be abbreviated to the first two characters.

If no block change has been defined for the EG axis group and none is currently
specified, “FINE” applies.
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2.4.1 Overview of EG features in SW 6 (summary)

EG

Following axis

Leading axis

Leading and
following axis

Type of coupling

Reference system

Synchronized
actions

An EG has:
a) max. 5 leading axes
b) 1 following axis
¢) max. 5 associated curve tables or
d) max. 5 associated coupling factors (Z/N) or

e) combination of curve tables and coupling factors for max. 5 leading axes

A following axis can:
a) identify the EG uniquely
b) be the leading axis of a different EG (cascading)
¢) not simultaneously be the leading axis of the same EG (no feedback)

d) not be a command axis

A leading axis can:
a) be used once in the same EG
b) can be used as leading axis in several EGs
c) be a PLC axis

d) be a command axis

The following are permissible as leading and following axes:

real simulated

Linear axis

rotary axis

Modulo-corrected rotary axis

For each leading axis, the EG may refer to:
a) the actual value or

b) the setpoint

The calculations are made in the basic coordinate system BCS.

Synchronized actions (see Reference: /FBSY/) are not supported.
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Block search

Mode change

RESET

End of part
program

Warm start and
cold start

Violated synchro-
nism conditions

Power-up condi-
tions of EG

Block change
behavior
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EG commands are ignored in the case of block search.

In the case of a mode change,
a) the EG status and

b) the EG configuration are retained

For RESET:
a) the EG status and

b) the EG configuration are retained

On end of a parts program,
a) the EG status and

b) the EG configuration are retained

In the case of a warm start per MMC/HMI operation and cold start (power OFF/
power ON)

a) the EG status is not and

b) the EG configuration are not retained.

If the synchronism conditions are violated, all axes are stopped. I(n this case,
their positions checked by the control up to the stop. Extended stop and retract
(ESR) may be active in this situation see Section 2.6.

The EG may be powered up:
a) at the current axis positions (EGON) or
b) at the synchronized positions to be specified (EGONSYN).

c) at synchronous positions to be specified with details of an approach
mode (EGONSYNE)

In the EG activation commands (EGON, EGONSYN, EGONSYNE), you can
specify for which condition (with respect to synchronism) the next block of the
parts program is to be processed. Options:

a) NOC No condition.

b) FINE Sum of the difference between the setpoint and actual positions of
all axes is less than MD 37210: COUPLE_POS_TOL_FINE

c) COARSE Sum of the difference between the setpoint and actual positions
of al axes is less than MD 37200: COUPLE_POS_TOL_COARSE

d) IPOSTOP When the specified end positions of the axes is reached.
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24.2 Defining an EG axis grouping

Definition and
activation

Definition of an
EG axis

grouping

EGDEF in SW 6

Note

The following definition commands and switching instruction commands relat-
ing to the electronic gear must be programmed
on their own in a block in a parts program.
All commands for the electronic gear, except for activation commands
— EGON
— EGONSYN
— EGONSYNE trigger a preprocessing stop.

The definition described below and the activation are separate processes. An
activation is not possible unless it has been defined previously.

An EG axis grouping is defined through the input of the following axis and at
least one leading axis (up to five masters are allowed), each with the relevant
coupling type:

EGDEF(following axis, leading axis1, coupling type1, leading axis2, coupling
type 2,...)

The coupling type does not need to be the same for all leading axes and must
be programmed separately for each individual master.

Coupling type:  Evaluate actual value of leading axis: 0
Evaluate setpoint of leading axis: 1

The coupling factors are preset to zero when the EG axis grouping is defined.
As such, the grouping has no effect on the following axis until it is activated. (S.
EGON, EGONSYN, EGONSYNE).

Preconditions for defining an EG axis grouping:

No existing axis coupling may already be defined for the following axis.
(If one does already exist, it must be deleted beforehand with EGDEL.)
EGDEF triggers a preprocessing stop with error message.

Gear definition with EGDEF should also be used unaltered when one or more
leading axes affect the following axis via a curve table in systems with SW 6
and higher.
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243 Activating an EG axis grouping

Without synchro- The EG axis grouping is switched on selectively without synchronization
nization with:

EGON(FA, block change mode, LA1, Z1, N1, LA2 , Z2, N2,..LA5, Z5, N5.)

The coupling is activated immediately.

with:

FA Following axis

According to the block change mode, the program advances to the next block:

“NOC” Block change takes place immediately

“FINE” Block change takes place with “Synchronization fine”

“COARSFE” Block change takes place with “Synchronization coarse”

“IPOSTOP” Block change takes place with synchronization on the
setpoint side

LA; Axis identifier of leading axis i

Z; Numerator for coupling factor of leading axis i

Ni Denominator for coupling factor of leading axis i

Only the leading axes previously specified with the EGDEF command may be
programmed in the activation line. At least one following axis must be
programmed.

The positions of the leading axes and following axis at the instant the grouping
is switched on are stored as “Synchronized positions”. The “Synchronized
positions” can be read with the system variable $AA_EG_SYN.

With synchroniza- The EG axis grouping is switched on selectively with synchronization with:
tion
1st EGONSYN EGONSYN(FA, block change mode, SynPosFA, LA;, SynPosLA;, Z_LA;, N_LA))
with:
FA Following axis
Block change mode:
“NOC” Block change takes place immediately
“FINE” Block change takes place with “Synchronization fine”
“COARSFE” Block change takes place with “Synchronization coarse”
“IPOSTOP” Block change takes place with synchronization on the
setpoint side
SynPosFA Synchronized position of following axis
LA;: Axis identifier of leading axis i
SynPosLA:i: Synchronized position of leading axis i
Zi: Numerator for coupling factor of leading axis i
N i: Denominator for coupling factor of leading axis i
Note

The parameters indexed with i must be programmed for at least one leading
axis, but for no more than five.
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2.4 Electronic gear EG (SW 5 and higher)

Only leading axes previously specified with the EGDEF command may be
programmed in the activation line.

Through the programmed “Synchronized positions” for the following axis
(SynPosFA) and for the leading axes (SynPosLA), positions are defined for
which the axis grouping is interpreted as synchronous. If the electronic gear is
not in the synchronized state when the grouping is switched on, the following
axis traverses to its defined synchronized position.

If the axis grouping includes modulo axes, their position values are reduced in
the modulo, thereby ensuring that they approach the fastest possible
synchronized position (so-called relative synchronization: e.g. the next tooth
gap after “centering”).

If 1S “Enable following axis overlay” interface signal DB30(+axis number), ...
DBX 26.4 is not specified for the following axis, the synchronized position is not
approached. Instead the program is stopped at the EGONSYN block and the
self-clearing alarm 16771 is issued until the above mentioned signal is set.

EGONSYNE(FA, block change mode, SynPosFA, approach mode, LA,
SynPosLA;, Z_LA;, N_LA)

with:

FA Following axis

Block change mode:

“NOC” Block change takes place immediately

“FINE” Block change takes place with “Synchronization fine”

“COARSFE” Block change takes place with “Synchronization coarse”

“IPOSTOP” Block change takes place with synchronization on the
setpoint side

SynPosFA Synchronized position of following axis

Approach mode:

‘NTGT” NextToothGapTime optimized
next gap is approached time-optimized
(default value active if nothing specified)

‘NTGP” NextToothGapPath optimized
next gap approach path-optimized

“ACN” AbsolutCoordinateNegative, Absolute Dimension,
Rotary axis traverses in negative direction of axis rotation

“ACP” AbsulteCoordinatePositiv, Absolute Dimension
Rotary axis traverses in positive direction of axis rotation

“DCT” DirectCoordinateTime optimized,Absolute Dimension,
Rotary axis traverses time-optimized in relation to
programmed synchronous position

“DCP” DirectCoordinatePath optimized, Absolute Dimension
Rotary axis traverses path-optimized in relation to
programmed synchronous position
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Tooth gap

Approach re-

LA;: Axis identifier of leading axis i

SynPosLAi: Synchronized position of leading axis i

Zi: Numerator for coupling factor of leading axis i

N i: Denominator for coupling factor of leading axis i
Note

The parameters indexed with i must be programmed for at least one leading
axis, but for no more than five.

The function is active only for modulo following axes that are coupled to modulo
leading axes.

The tooth gap is defined as 360 degrees * Zi / Ni

Example:

EGONSYNE(A, “FINE”, FASysPos, “Traversing mode”, B, 0, 2, 10)
Tooth gap: 360*2/10 = 72 (degrees)

In this case, the traversing modes time-optimized and path-optimized are

sponse with FA at identical.
standstill The table below shows the target positions and traversed paths with direction
marker (in brackets) for the particular approach modes:
Programmed | Position of Traversing Traversing Traversing Traversing
synchronous |the following |mode NTGT/ | mode DCT/ mode ACP mode ACN
position axis before NTGP DCP
FaSysPos EGONSYNE
110 150 182 (+32) 110 (—40) 110 (+320) 110 (—40)
110 350 326 (—24) 110 (+120) 110 (+120) 110 (—240)
130 0 346 (—14) 130 (+130) 130 (+130) 130 (—230)
130 30 58 (+28) 130 (+100) 130 (+100) 130 (—260)
130 190 202 (+12) 130 (—60) 130 (+300) 130 (—60)
190 0 334 (-26) 190 (-170) 190 (+190) 190 (-170)
230 0 14 (+14) 230 (-130) 230 (+230) 230 (-130)
Approach
respf)nse for The following axis moves at almost maximum speed in the positive direction
moving FA when the coupling is activated by EGONSYNE. The programmed synchronous
position of the following axis is 110, the current position 150. This produces the
two alternative synchronous positions 110 and 182 (see table above).
© Siemens AG, 2002. All rights reserved
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2.4 Electronic gear EG (SW 5 and higher)

In the case of traversing mode NTGP (path-optimized), synchronous position
182 is selected independent of the current velocity. This has the shortest
distance from the current position of the following axis. Traversing mode NTGT
(time-optimized) considers the current velocity of the following axis and
produces a deceleration on account of the limit for the maximum axis velocity to
reach synchronism in the shortest possible time (see Figure).

NTGP

NTGT

Fig. 2-7 Reaching the next tooth gap, FA path-optimized (top) vs.
time-optimized (bottom)

EGONSYNE(A, “FINE”, 110, “NTGT”, B, 0, 2, 10)
couple A to B, synchronous position A = 110, B = 0, coupling factor 2/10,
approach mode = NTGT

EGONSYNE(A, “FINE”, 110, “DCT”, B, 0, 2, 10)
couple A to B, synchronous position A = 110, B = 0, coupling factor 2/10,
approach mode = DCT

EGONSYNE(A, “FINE”, 110, “NTGT”, B, 0, 2, 10, Y, 15, 1, 3)
couple A to B, and Y, synchronous position A =110,B=0, Y = 15,
coupling factor for B = 2/10, coupling factor for Y = 1/3,

approach mode = NTGT

The syntax specified above applies with the following different meanings. If a
curve table is used for one of the :

Ni the numerator of the coupling factor for linear coupling must
be set to 0 (nominator 0 would be illegal for linear coupling)
nominator zero tells the control that

Z; should be taken as the number of the curve table to
be used. The curve table with the specified number
must already be defined at power up in accordance with
Section 2.2.

LA; The leading axis specified corresponds to the one specified
Coupling via coupling factor (linear coupling).
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24.4

Variant 1

Variant 2

Variant 3

3/M3/2-52

Deactivating an EG axis grouping

The following methods can be used to deactivate an active EG axis grouping.
EGOFS(following axis)

The electronic gear is deactivated. The following axis is braked to a standstill.
This call triggers a preprocessing stop.

The following parameterization of the command makes it possible to
selectively control the influence of individual leading axes on the motion of the
following axis.

EGOFS(following axis, leading axis 1, ... leading axis 5)

Note

At least one following axis must be specified.

The influence of the specified leading axes on the slave is selectively inhibited.
This call triggers a preprocessing stop.

If the call still includes active leading axes, then the slave continues to operate
under their influence. If the influence of all leading axes is excluded by this
method, then the following axis is braked to a standstill.

As of SW 6, there is no axis movement if the command EGONSYN is
deactivated selectively. If the following axis is to re-synchronize as in software
versions up to 5.3, you must program EGONSYN.

Note

Up to SW 5.3, the following axis approaches the new synchronous position
without the signal “Following axis overlay” DB31, ... DBX26.4 if the command
EGONSYN is deactivated selectively.

EGOFC(following spindle)

The electronic gear is deactivated. The following spindle continues to traverse
at the speed/velocity that applied at the instant of deactivation.
This call triggers a preprocessing stop.

Note

The call is available for following spindles only.
With EGOFC it is necessary to program a spindle identifier.
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245 Deleting an EG axis grouping

An EG axis grouping must be switched off as described in Subsection 2.4.4
before its definition can be deleted.

EGDEL (following axis)

The defined coupling of the axis grouping is deleted.

It is then possible to define further new axis groupings with EGDEF until the
maximum permissible number of simultaneously active axis groupings has been
reached.

This call triggers a preprocessing stop.

2.4.6 Interaction between revolutional feedrate (G95) and electronic
gear (SW 5.2 and higher)

The FPR() command can be used in SW 5 and higher to specify the following
axis of an electronic gear as the axis which determines the revolutional
feedrate. Please note the following with respect to this command:

* The feedrate is determined by the setpoint velocity of the following axis of
the electronic gear.

* The setpoint velocity is calculated from the speeds of the leading spindles
and modulo axes (which are not path axes) and from their associated
coupling factors.

* Velocity components from other leading axes and overlaid motions of the
following axis are not taken into account.

References: N1/, Feeds

24.7 Response to power ON, operating mode change, RESET, block
search

No coupling is active after power ON.

The status of active couplings is not affected by RESET or operating mode
switchover.

During block searches, commands for switching, deleting and defining the
electronic gear are not executed or collected, but skipped.

For further details of specials states, please refer to Subsection 2.4.1.

For an example of how to use the EG function for gear hobbing, please refer to
Section 6.2.

The variant extended to include non-linear coupling via curve tables (SW 6) is
described in Subsection 6.2.2
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24.8 System variables for electronic gear
Application The following system variables can be used in the parts program to scan the
current states of an EG axis grouping and initiate appropriate reactions if
necessary:
Table 2-1 System variables, R means: Read access possible
Name Type Access Preproces. Meaning, value Cond. Index
stop
Parts | Sync | Parts | Sync
prog. | act. | prog. | act.
$AA_EG_ INT R R Type of coupling: Axis identifier
TYPE[a,b] 0: Actual value a: Following axis
(from SW 5.2) coupling b: Leading axis:
1: Setpoint coupling
$AA_EG_ REAL R R Numerator of coupl. factor KF Axis identifier
NUMERA[a,b] KF = numerator/denominator a: Following axis
(from SW 5.2) Default: 0 b: Leading axis:
(SW 6 and Number of curve table when
higher) $AA_EG_DENOMIa,b] is 0.
$AA_EG_ REAL R R Denominator of coupl. fact. KF | Axis identifier
DENOM][a,b] KF = numerator/denominator a: Following axis
(from SW 5.2) Default: 1 b: Leading axis:
Denominator must be positive.
(SW 6 and Denominator is 0 if, instead of
higher) the numerator
$AA_EG_NUMERA[a,b], the
number of a curve table is spe-
cified.
$AA_EG_ REAL R R Synchronized position for spe- | Axis identifier
SYN[a,b] cified leading axis a: Following axis
(from SW 5.2) Default: 0 b: Leading axis:
$AA_EG_ REAL R R Synchronized position for spe- | Axis identifier
SYNFA[a] cified following axis a: Following axis
(from SW 5.2) Default: 0
$AA_EG_BC[a] | STRING | R R Block change criterion for Axis identifier
EG activation calls: EGON, a: Following axis
EGONSYN:
“NOC” Immediate
“FINE” Synchronism fine
“COARSE” Synchronism
coarse
“IPOSTOP” Setpoint-related
synchronism
$SAA_EG_ INT R R Number of leading axes de- Axis identifier
NUM_LA[a] fined with EGDEF. 0 if no axis | a: Following axis
has been defined as a follow-
ing axis with EGDEF.
$AA_EG_ AXIS R R Axis identifier of leading axis Axis identifier
AX[n,a] whose index n has been speci- | n: Index of
fied. leading axis
in EG
grouping 0 ... 4
a: Following axis
© Siemens AG, 2002. All rights reserved
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Table 2-1 System variables, R means: Read access possible
Name Type Access Preproces. Meaning, value Cond. Index
stop
Parts | Sync | Parts | Sync
prog. | act. | prog. | act.
$SAA_EG_ BOOL R R Determine the operational Axis identifier
ACTIVE[a,b] state of a leading axis: a: Following axis
(from SW 5.2) 0: Deactivated b: Leading axis:
1: Activated
$VA_EG_ REAL R R R Actual value of synchronism Axis identifier
SYNCDIFF[a] deviation. The comparison with | a: Following axis
MD $MA_COUPLE_POS_TOL
_COARSE and _FINE supplies
interface signals.
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2.5 Dynamic response of following axis

2.5.1 Function

Couplings The sections above (function descriptions for S3 and T3) describe axis
couplings in which a following axis is moved depending on one or more leading
axes/spindles.

Table 2-2 Programming of axis couplings is possible in
coupling in parts program in synchronized actions
Tangential tracking X
Coupled axes X X
Master value coupling X X
Electronic gears X

Machine data can be used to specify general limits for the following axis:
MD 32000: MAX_AX_VELO max. axis velocity
MD 32300: MAX_AX_ACCEL max. axis acceleration

SW 6.4 and higher As of this software version, the dynamics limits specified above may be
reduced or increased using commands from the parts program or from the
synchronous actions.

Furthermore, it is also possible to configure the positions controller as a Pl
controller.

i”t Caution
This option can only be used in conjunction with servo trace and with the ap-
propriate technical knowledge of the control.

References: See /IAD/. Installation and Start—Up Guide
/FB/, G2, Vecolities, Setpoint/Actual Value Systems, Control

The share in percent that is considered is specified by the language command:
VELOLIMA[FA]
ACCLIMA[FA]

where FA is the following axis. Both an increase (100 < values < 200) and a
reduction (1 << value < 100) is possible. Values outside the valid range (1 <<
value << 200) are rejected and Alarm 14811 issued.

The relevant limits are then:
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Power ON

Mode change

RESET/program
end

25.2 Examples

Electronic gear

2.5 Dynamic response of following axis

MD Command relevant limits for
32000: VELOLIMA[AX] axial velocity of the FA:
MAX_AX_VELO[AX] MAX_AX_VELO[A] * VELOLIMA[A]
32300: ACCLIMA[AX] axial acceleration of FA:
MAX_AX_ACCEL[AX] MAX_AX_ACCEL[A]*ACCLIMA[A]

The values for VELOLIMA and ACCLIMA are initialized to 100%.

The dynamic offsets remain valid on transition from AUTO => JOG.

The dynamic values for reset, i.e. the values of VELOLIMA and ACCLIMA are
set channel-specific via MD 22410: F_VALUES_ACTIVE_AFTER_RESET.

In MD 22410: F_VALUES_ACTIVE_AFTER_RESET=FALSE, the values for
VELOLIMA(FA) and ACCLIMA(FA) are set to 100%.

In MD 22410: F_VALUES_ACTIVE_AFTER_RESET=TRUE, the values set last
are retained. This response also applies for dynamic offsets that were set by
static synchronous actions.

If this is not the case despite the setting
F_VALUES_ACTIVE_AFTER_RESET=FALSE, the dynamic offset must be
applied again per IDS synchronous action or permanent writing.

References: /FBSY/, Synchronous actions

Axis 4 is coupled via a electronic gear coupling to X. The acceleration capability
of the following axis is limited to 70% of the maximum acceleration. The
maximum permissible velocity is limited to 50% of the maximum velocity. After
switching on, the maximum permissible velocity is set to 100% again,

N120 ACCLIMA[AX4]=70

N130 VELOLIMA[AX4]=50 ; Reduced velocity

N200 VELOLIMA[AX4]=100 ; Full velocity
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Master value
coupling

Leading value
coupling with syn-
chronous action

Axis 4 is coupled to X via leading value coupling. The acceleration capacity of
the following axis is limited to 80% of the maximum acceleration.

N120 ACCLIMA[AX4]=80 ; 80 %

N130 LEADON(AX4, X, 2) ; Activate coupling

Axis 4 is coupled to X via leading value coupling. The acceleration response is
limited to 80% as of position 100 per static synchronous action

N120 IDS=2 WHENEVER $AA_IM[AX4] > 100 DO ACCLIMA[AX4]=80

N130 LEADON(AX4, X, 2)

© Siemens AG, 2002. All rights reserved
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253 System variables

For axis types Geometry axis, channel axis, machine axis and spindle, the
following readable system variables are available in parts programs and

synchronous actions:

In run—in
Table 2-3 System variables, programmable following axis dynamics
Identifier Data type Meaning Unit
$PA_ACCLIMA[N] REAL Acceleration offset set %
with ACCLIMA[AX]
$PA_VELOLIMA[N] REAL Velocity offset set %
with VELOLIMA[AX]
In the main run Reading the main run variable implicitly triggers a stop preprocessor.
Identifier Data type Meaning Unit
$AA_ACCLIMA[N] REAL Acceleration offset set %
with ACCLIMA[AX]
$AA_VELOLIMAIN] REAL Velocity offset set %
with VELOLIMA[AX]
© Siemens AG, 2002. All rights reserved
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2.6 Extended stop/retract: ESR (SW 5 and higher)

The “Extended stop and retract” function ESR allows the operator to choose
how to react to definable error sources, reducing the risk of causing damage to
the workpiece and protecting man and machine against injury or damage.

Introduction In contrast to conventional milling/turning/grinding, gear teeth machining has an
“electronic coupling” among several axes, which cannot be supported or
replaced by a relevant “mechanical coupling”; nevertheless, crucial for fault-free
manufacture of the workpiece to be produced. Unlike a simple rotating milling
tool, for example, which does not remove any more stock without an axis
feedforward movement, the friction between the gear cutting (hon—machined
part) teeth and the gear hobbing (worm—shaped tool) is such that the teeth of
the gear hobber would ’eat their way into’ the material if the electronic coupling
failed.

Especially in the case of gear cutting (gear hobbing, generating grinding, gear
shaping) expensive tools and workpieces are in use and must not be destroyed
in the event of such a fault. Better protection for man and machine is also
provided, if flaying cuttings are avoided from the outset.

Solution concept The hazard conditions in the control are checked cyclically (sources of
disruption) and linked (synchronized actions). Actions are triggered when
reasons for initiating a separation of the tool and the workpiece are detected
under the supplementary conditions for temporary upholding of the axis
coupling in the electronic gear. These actions can be one or more of the ESR
reactions described below.

ESR reactions In SW % and lower, “Extended stop and retract” provides the following partial
reactions:

e “Extended stop”
(independent drive or externally driven) is a defined, delayed stop.

* “Retract’
(independent drive or externally driven) means “escape” from the machining
plane to a safe retraction position. This is to avoid a potential collision
between tool and workpiece.

* “Generator operation”
(independent drive) Generator operation is possible in the event that the
DC link power is insufficient for safe retraction. As a separate drive operating
mode, it provides the necessary power to the drive DC link for carrying out
an orderly “Stop” and “Retract” in the event of a power or similar failure.

© Siemens AG, 2002. All rights reserved
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In addition, for
SW 6 and higher

Interplay of NC-
prompted reac-
tions with ...

2.6 Extended stop/retract: ESR (SW 5 and higher)

e “Extended stop” (NC—prompted) is a defined, “delayed” and
“contour—friendly” stop.

* “Retract’ (NC—prompted) means a “retreat” from the machining plane to a
safe retracted position. This is intended to prevent any danger of collision
between the tool and the workpiece. Gear cutting, for example, means a
“Retraction from tooth gaps just machined”.

All reactions are independent of each other and can be used as gearing in
conjunction with other production. In this way, it is possible to configure
retractions and temporary continuation of axis couplings so that they can be
executed in parallel prior to standstill. In this case, a further axis in generator
mode can maintain the DC link voltage.

NC-prompted reactions are triggered via channel-specific system variable
$AC_ESR_TRIGGER (not to be mistaken for nc—global system variables for
drive—independent retraction $AN_ESR_TRIGGER).

$AC_ESR_TRIGGER enables a smooth interpolatory stop on the path or
contour.

The NC—prompted Retraction is performed in synchronism by the retraction
axes in the channel. To prevent confusion and operator errors, retraction axes
must always be assigned to exactly one NC channel and may not be switched
among the channels.

For NC—prompted stop, path interpolation is also processed further in the same
way as an electronic coupling via a definable period (MD 21380:
ESR_DELAY_TIME1), although an alarm, for example, with motion stop is
present. Then it is decelerated on the path as for NC-STOP.

For NC—prompted retraction, LIFTFAST/LFPOS is used in the same way as for
thread cutting.

In order to perform retraction outside AUTOMATIC mode as well, triggering of
this function is linked to the system variable $AC_ESR_TRIGGER. Retraction
initiated per $AC_ESR_TRIGGER is locked to prevent multiple retractions.

Note

For the “Gearing” technology all reactions must go hand in hand: For example,
the electronic coupling should be maintained for a certain time with constant
motion before being stopped. In parallel, a retraction axis is operating to dis-
connect the machining action and another axis in generator operation supplies
the necessary power in the DC link in the event of a power failure (provided
appropriately configured).

The NCK does not trigger an EMERGENCY STOP autonomously. Since the
EMERGENCY STOP signal is feed from the PLC to the NCK, the PLC able to
actively trigger an ESR is required (e.g. per $A_DBB) and delay forwarding of
the actual EMERGENCY STOP request to the NCK by the relevant time.
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2.6.1 Reactions external to the control

Sending the requisite switching signals to the digital outputs (system variable
$A_OUT) in the IPO cycle is called a reaction that is “external to the control“.
For example, a hydraulic retraction axis can be connected to this type of digital
output. The machine manufacturer or start-up engineer is responsible for
defining further reactions.

2.6.2 Independent drive reactions

-

Independent drive
generator
operation
ESR_REACTION
=10

Independent drive
retract
ESR_REACTION
=11

3/M3/2-62

Independent drive reactions are defined axially, that is, if activated each drive
processes its stop and retract request independently. An interpolatory or
path-aligned coupling of axes at stop or retract is not available (only for control
management).

A reference to the axes is timed.

During and after execution of independent drive reactions, the NC enables/
travel commands no longer have an effect on the respective drive, therefore, it
is necessary to perform a power OFF/power ON. Alarm 26110: “Independent
drive stop/retract triggered” indicates this.

Note:
If retraction is not triggered in drive 611D, no alarm 26110 is issued.

Important

Independent drive stop and retract are “automatically” triggered (as with com-
munication failure).

These drive-end reactions are therefore cross-channel functions. This means
that if independent drive stop and retract is triggered in one channel, the drives
of another channel also produce the independent drive stop/retract reactions
configured (and just enabled) for them.

The generator operation is

* configured (configuration: MD 37500: ESR_REACTION=10; the
configuration must be defined in the axis-specific machine data of the
appropriate axis),

* enabled (JAA_ESR_ENABLE) and

® activated: in the drive according to the settings in the drive machine data
with DC link undervoltage.

Independent drive retract is

configured, (MD 37500: ESR_REACTION=11; time specification and retract
velocity are set in MD; see “Example: Using the independent drive reaction”
in Section 6.3).

® enabled: system variable $AA_ESR_ENABLE
* started: system variable $AN_ESR_TRIGGER.
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Independent drive
stop
ESR_REACTION
=12

Example

2.6 Extended stop/retract: ESR (SW 5 and higher)

Independent drive stop is

¢ configured (configuration: MD 37500: ESR_REACTION=12);
* enabled (JAA_ESR_ENABLE) and

* started: system variable $AN_ESR_TRIGGER.

Note

For independent drive reactions the behavior can be determined individually for
each axis.

For an example of how the independent drive reaction can be used, please
refer to Section 6.3.
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2.6 Extended stop/retract: ESR (SW 5 and higher)

2.6.3 NC-controlled extended stop (SW 6 and higher)

Response

Times T1 and T2

3/M3/2-64

The schedule for extended stop is defined by both machine data MD 21380:
ESR_DELAY_TIME1 and MD 21381: ESR_DELAY_TIME2.

For the duration of the period in MD 21380: ESR_DELAY_TIME1 interpolates
the axis unhindered as programmed. After expiry of the period in MD 21380:
ESR_DELAY_TIMEA1, interpolatory braking (ramp stop) is initiated.

The maximum time for interpolatory braking is then the time in MD 21381:
ESR_DELAY_TIMEZ2; after this period, rapid deceleration with subsequent
correction is initiated.

This schedule applies if MD 37500: ESR_REACTION > 20 applies for at least
one of the axes applied by the NCU. If this condition is not satisfied, the alarm
reactions are not delayed. If no ESR is active in the cycle, the above-mentioned
alarm reactions are delayed one IPO cycle (it takes one IPO cycle to check
whether ESR is active).

For all other axes MD 37500: ESR_REACTION = 0 not mentioned, rapid
deceleration with subsequent follow-up is initiated at the start of extended stop
($AC_ESR_TRIGGER = 1).

During processing of all commands, especially ones that result in an axis stop
(e.g. RESET, Stop, Stopall, StopByAlarm), as well as the standard alarm
reactions STOPBYALARM and NOREADY, the total for times
ESR_DELAY_TIME1 and ESR_DELAY_TIME2 are delayed.

An NC-prompted stop interacts with the electronic gear (cf. 2.4). It contains the
(selective) switchover of the electronic gear to actual value coupling if there is a
fault in the leading axes, and also upholds interpolation and enable (“Continue
travel”) during a period which can be specified per MD 21380:
ESR_DELAY_TIMEA1.

The times T1 and T2 are parameterized via the machine data
MD 21380: ESR_DELAY_TIME1 and MD 21381: ESR_DELAY_TIME2.

The timing for NC/prompted extended shutdown can be taken from the figure
below.

Speedn A

T1 (MD) T2 (MD)
MD 21380 MD 21381 Time t

Fig. 2-8 Parameterizable/programmable control-driven shutdown

Note
The summer time T1 and T2 should not exceed a maximum value, e.g. 1
second, for security reasons.
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Effects of
ESR_REACTION =
22

2.6 Extended stop/retract: ESR (SW 5 and higher)

Effects for a path axis
If MD 37500: ESR_REACTION = 22 is for a continuous-path axis, the response
“Extended stop” is transferred to all continuous-path axes of the channel.

Effects for a leading axis
If MD 37500: ESR_REACTION = 22 is for a leading axis, the response
“Extended stop” is transferred to all following axes of the channel.

Note

A following axis of the electronic gear follows the leading axis during the two
phases of the extended stop according to the rule of motion, i.e. no separate
braking is possible on transition from phase MD 21380: DELAY_TIME1 to
phase MD 21381: ESR_DELAY_TIME2.

The precondition for a properly functioning ESR is that the activate signals are
set and remain set.
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2.6 Extended stop/retract: ESR (SW 5 and higher)

2.6.4 NC-controlled retraction (SW 6 and higher)

Initial conditions

Response for
ESR_REACTION =
21

Programming

POLF

3/M3/2-66

The following are significant for NC-prompted retraction:

* the axes selected with POLFMASK

* the axis-specific positions defined with POLF

® the time slots ESR_DELAY_TIME1 and ESR_DELAY_TIME2
* when triggered by system variable $AN_ESR_TRIGGER

* the agreed ESR reaction MD 37500: ESR_REACTION

® G code LFPOS of modal 46. G code group addressed.

If the system variable $AC_ESR_TRIGGER = 1 is set and if a retraction axis is
configured in this channel with MD 37500: ESR_REACTION = 21 and
$AA_ESR_ENABLE=1 is set for this axis, then LIFTFAST becomes active in
this channel.

Precondition:
The retraction position must be programmed in the parts program. The activate
signals must be set for the retraction movement and remain set.

Fast retraction to the position defined with POLF is triggered via G code LFPOS
of the modal 46th G code group.

The lift configured with LFPOS, POLF for the axes selected with POLFMASK
replaces the continuous-path motion defined for these axes in the parts
program. Lifting to a position is not interpolated as an overlaid movement. This
can produce undesired effects for axes that are coupled to a leading axis.

The extended retraction (i.e. LIFTFAST/LFPOS initiated through
$AC_ESR_TRIGGER) is cannot be interrupted and can only be terminated
prematurely per EMERGENCY STOP.

Speed and acceleration limits for the axes involved in the retraction a monitored
during extended retraction.

The maximum time available for retraction is the sum of the times MD 21380:
ESR_DELAY_TIME1 and MD 21381: ESR_DELAY_TIME2. When this time has
expired, rapid deceleration with follow-up is also initiated for the retraction axis.

The destination for the retraction axis is programmed with the language
command:

POLF[ geoaxis name | machine axis name ](POsition LiftFast).
POLF is modal.

POLF can also be programmed as incremental.
If this programming is carried out with a geometry axis, the position is
interpreted as a position in the workpiece coordinate system WCS.
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POLFMASK

Change coordinate
system

Deactivate fast
retraction

Start of parts
program

Example

2.6 Extended stop/retract: ESR (SW 5 and higher)

The frame valid at the time when lift fast was activated is considered. Important:
frames with rotation also affect the direction of lift via POLF.

If POLF is programmed with a channel/machine axis, the position of the
machine coordinate system MCS must be specified. Frames with rotation do not
affect the position for retraction.

If the identifiers for the geoaxis and channel/machine axis are identical,
retraction is carried out in the workpiece coordinate system.

The language command POLFMASK([ axisname1], [axisname2], ....) enables
selection of the axes that are to travel to a their position defined by POLF when
fast list is activated. A variable parameter list can be used to select any number
of axes for lift fast; however, all axes must be located in the same coordinate
system (i.e. only geoaxes).

The parameters valid at the triggering time are decisive for the lift movement. If
one of these parameters (G code, POLF, POLFMASK, Frame, etc.) changes
during lifting (block change), this change does not affect the lift movement that
has already started.

Before fast list to a fixed position can be activated via POLFMASK, a position
must be programmed with POLF for the selected axis. No machine data is
provided for presetting the values of POLF.

During interpretation of POLFMASK, Alarm 16016 is issued if POLF has not
been programmed. The effect of the language command POLFMASK is also
referred to below as “retraction is activated”.

If retraction is activated, the position for retraction can still be changed.
However, it is no longer possible to change the coordinate system and an
attempt is rejected with an alarm 16015.

If POLF is programmed again after activating retraction, the position at which
this axis was first programmed must be specified in the coordinate system.

If the coordinate system is to be changed, fast retraction must first be
deactivated with POLFMASK() and then POLF used to carry out programming
in the new coordinate system.

POLFMASK() without specifying an axis deactivates fast retraction for all axes.
In the above terms, retraction is no longer activated.

The positions programmed with POLF and the activation by POLFMASK are
deleted when the parts program is started. This means that the user must
program the values for POLF and the selected axes (POLFMASK) in each
parts program.

An example application for parameterizing with several axes and incremental
programming is giving in Section 6.3.

© Siemens AG, 2002. All rights reserved
SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition 3/M3/2-67



Axis Couplings and ESR (M3) 10.00

2.6 Extended stop/retract: ESR (SW 5 and higher)

2.6.5 Possible trigger sources

General
sources

Axial sources

3/M3/2-68

The trigger sources must be distinguished by evaluating the specified system
variables. Any system variables which can be read in synchronized actions
are available as error sources, e.g.

— Digital 1/0s ($A_IN, $A_OUT)
— Synchronization differences ($VA_EG_SYNCDIFF)
— Channel status ($AC_STAT) ...

The drive states can be read in $AA_ESR_STAT:
Bit 0: Generator operation is triggered

Bit 1: Retraction is triggered

Bit 2: Extended stop is triggered

References: /PGA/, Programming Guide Advanced

The following error sources are possible for starting “Extended stop and retract”:

General sources (NC-external/global or mode group/channel-specific):

¢ Digital inputs (e.g. on NCU module or terminal box) or the readback digital
output image within the control ($A_IN, $A_OUT)

® Channel status (JAC_STAT)

* VDI signals
Access via $A_DBB. This approach is not recommended for time-critical
signals, since the PLC cycle time is included in the overall time. However, it
is an appropriate way for the PLC to influence the sequence or activation of
the extended stop and retract function. It still makes sense to link PLC
states, provided that these are powered/controlled exclusively by the PLC
(e.g. EMERGENCY STOP, RESET key, Stop key).

® Group messages of a number of alarms ($AC_ALARM_STAT)

* Emergency retraction threshold of following axis (synchronization difference
of electronic coupling, $VA_EG_SYNCDIFF[following axis])

* Drive: The system variable $AA_ESR_STAT[axis] “Status for extended stop
and retract” displays: Bit 3: DC link undervoltage/generator operation)

® Drive: The system variable $AA_ESR_STAT[axis] “Status for extended stop
and retract” displays: Bit 4: Generator minimum speed)

Note

If NC-prompted ESR is configured, it takes one IPO cycle to process the alarm
reactions NOREADY and STOPBYALARM. This cycle checks whether the
alarm source is for ESR. The reaction “Trigger ESR” or standard reaction (with-
out ESR) occurs in the next IPO cycle. Self-resetting alarm 21600 displays this
status; the checking time is included in the alarm response time. You can use
SMN_SUPPRESS_ALARM_MASK bit16 to suppress display of alarm
21600.
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2.6.6 Logic operation: Source/reaction logic operation

The flexible logic operation possibilities of the static synchronous actions can
be used to trigger specific reactions based on sources. Logic operations of all
relevant sources by means of static synchronous actions are the responsibility
of the user/machine manufacturer. They can selectively evaluate the source
system variables as a whole or by means of bit masks, and then make a logic
operation with their desired reactions. The static synchronous actions are
effective in all operating modes. For a detailed description on how to use
synchronous actions, please refer to:

References: /FBSY/ Description of Functions Synchronized Actions
/PGA/ Programming Guide Advanced
(Synchronous actions, system variables)

You can use $AA_TYP (axis type) as required, for example, to configure axial
sources or channel-specific sources.

2.6.7 Activation

Function enable

Function
trigger

$AA_ESR_ENABLE

The functions generator operation, stop and retract are enabled by setting the
associated control signal ($AA_ESR_ENABLE([axis]). This control signal can be
modified by synchronized actions, by the parts program and (indirectly) by the
PLC.

Writing in $A_DBB allows the PLC to extensively influence the execution of the
ESR reactions, if appropriate access is also integrated into the synchronous
actions. Thus the PLC can directly influence the ESR response.

$AN_ESR_TRIGGER (drive-independent)
* Generator operation “automatically” becomes active in the drive when the
risk of DC link undervoltage is detected.

* Drive-independent stop and/or retract are activated when communication
failure is detected (between NC and drive) as well as when DC link
undervoltage is detected in the drive (providing they are configured and
enabled).

* Independent drive stop and/or retract can also be triggered by parts
programs/synchronous actions by setting the system variable
$AN_ESR_TRIGGER (command to all drives). Precondition: activated.

$AC_ESR_TRIGGER (NC-prompted)

* NC-prompted shutdown is activated if configured
MD 37500: ESR_REACTION = 22 activated by setting the control signal
“$AC_ESR_TRIGGER?”. Precondition: activated.

* NC-prompted retraction is activated if configured
MD 37500: ESR_REACTION =21 and POLF and POLFMASK in the parts
programby setting the control signal “6AC_ESR_TRIGGER”. Precondition:
activated.
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2.6.8 Power failure detection and bridging

Detection

Delay

Limits of DC link

overvoltage

3/M3/2-70

A power failure can be detected when the mains supply monitoring of the
connected actuator is used as an external source via terminal 73 of the
SIMODRIVE 611D I/RF module (e.g. external sources: NCU input or terminal
box).

The time delay until the mains supply monitoring relay picks up corresponds to
approx. 10-15 ms.

After the relay picks up, a minimum of 1/2 IPO cycle and a maximum of 3 IPO

cycles pass.

The time for power failure detection is derived from this:
Worst case approx. 120ms
Best case approx. 15ms

The DC link is monitored for the following voltage limits:

DC voltage
__| 743V Pulse suppression DC link
oy - 723V Pulse suppression drives
695V |
676V
V7777777777777

L I/ "Working range /

648V / 644y F pulse resistor module  /
. /////////////

618V

Fig. 2-9 Voltage level of SIMODRIVE 611D DC link

The drive and DC link pulses are deleted at specific voltage levels. This
automatically causes the drives to coast down.

If this behavior is not desired, the user can use a resistor module to divert the
surplus energy. This resistor module operates in the gray hatched area in the
diagram, thus lying below the critical voltage level.

Note

The pulse power of the resistor module is greater than the I/RF power.
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Monitoring the DC
link undervoltage

Communication/
control failure

2.6 Extended stop/retract: ESR (SW 5 and higher)

The DC link voltage can be monitored for a threshold parameterized by the user
(MD 1634: LINK_VOLTAGE_RETRACT).

Voltage below the threshold set in MD 1634: LINK_VOLTAGE_RETRACT can
be utilized as internal error source for retracting. This is to avoid disconnection
of the drive hardware without separation of workpiece and tool when the DC link
voltage is less than the minimum of 280V.

In addition, you can program for one/several axis/axes (useful for one axis per
I/RF area), whether a retraction is to be triggered when the voltage falls below
the DC link threshold (MD 1634). Precondition is that the logic operation for the
synchronous action is dependent on the system variable $AA_ESR_STAT.
This means that any parameterized and programmed ESR is carried out if it is
enabled via system variable $AA_ESR_ENABLE.

The power required for ESR can be supplied to the DC link by parallel,
regenerative braking: See DC link backup.

VA

Upcnom 600V/625V
Response threshold emer- MD1634
gency retraction LINK_VOLT- [/ //7/7/7//7/7/7/77/7/77/77/,
AGE_RETRACT ¥ MESSAGE: %
v DC link voltage < MD1634

Ubcoff DIV IIIIIIIIIIII V4 280V
Fafal b af afaf af af af afaf af af af afaf af
{0 g gt et gt g gl gt g mlgt mgn gt gt gt migt gt
A
E¢§¢§¢¢¢¢ SIMODRIVE “OFF” ¢¢¢¢¢¢§
L R R B L N T M M Tt e migt = t
s

Fig. 2-10  DC link voltage monitoring SIMODRIVE 611D

When the NC sign-of-life monitoring responds, a communication/control failure
is detected on the drive bus and an independent drive ESR is performed if
appropriately configured.

Note

As of SW 4.2, setting the preset value from 600 V to 0 V activates measure-
ment of the DC link voltage per default.

To enable fault-free start-up of older hardware that does not have a DC link
measurement MD 1161 “Calculate controller data” (FIELD-
VAL_FIXED_LINK_VOLTAGE) is set to 600 V.
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2.6.9 Generator operation/DC link backup

DC link backup

You can compensate for temporary DC link voltage dips by configuring the drive
MD and appropriately programming the system variable $AA_ESR_ENABLE
via static synchronous actions. The bridged time depends on the energy stored
by the generator that is used for DC link backup, as well as on the energy
requirements for maintaining the current motions (DC link backup and
monitoring for generator speed limit).

DC link voltage

600/625V
LINK_VOLTAGE_GEN_OFF 1 |
LINK_VOLTAGE_GEN_HYST2+{-

LINK_VOLTAGE_GEN_ON 3

1 Cut-off threshold for
generator operation

2 Voltage step for
generator control

3 Response voltage
for generator axis

280V T

Message:
DC link generator active

AU

MD1633

— — — — MD1632
— — — MD1631

Message:
DC link voltage < MD1634

I +
N
I TR B
I N |
EEE
[ | | | | | | | -
T A R || I | t
[ T I |
IR
Actual speed value L] | | : : | | : :
NN,
n_GEN R |
R |
| |
| | | | | | Message:
| | | | Generator speed < MD1635
T T
| Col
GEN_AXIS_MIN_SPEED +——— — — — — — — — MD1635
|
|
t
|

Fig. 2-11

3/M3/2-72

Generator operation

When the DC-link voltage is below the minimum threshold (MD 1631:
LINK_VOLTAGE_GEN_ON) the axis/spindle concerned switches from
position-controlled or speed-controlled mode to DC-link voltage-controlled
mode. By braking the drive (default speed setpoint = 0), regenerative feeback to
the DC link takes place. The drive measures the DC link voltage cyclically (in
the position control cycle). If the voltage exceeds the value set in MD1631:
LINK_VOLTAGE_GEN_ON and MD1632: LINK_VOLTAGE_GEN_HYST, the
two-step control is disabled, that is, the current actual speed value is preset as
speed setpoint.
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During active generator operation, bit 3 “DC link generator active” is output in
system variable $AA_ESR_STAT.

The two-step behavior of the generator is machine and user-specific.

If the voltage exceeds the value set in MD1633: LINK_VOLTAGE_GEN_OFF,
generator operation is exited and operation is switched back to
speed-controlled operation.

This is not the case if the axis/spindle was previously in position-controlled
mode. In this case, it is necessary to reset the drive (power ON).

Monitoring the In addition to generator operation to back up the DC link, the actual speed value
generator speed of the axis/spindle in generator operation is monitored for any speeds lower
minimum limit than the minimum speed set in MD1635: GEN_AXIS_MIN_SPEED.

When values below this speed limit are detected, bit 4 “Generator speed
< MD1635” is output in system variable $AA_ESR_STAT.

In addition, analogous to the detection for voltages below the permissible
DC link voltage (MD1634: LINK_VOLTAGE_RETRACT), this signal can be
defined as an internal source of error for ESR.

2.6.10 Independent drive stop

The drives of a previously coupled grouping can be stopped by means of
time-controlled cutout delay with minimum deviations from each other, if this
cannot be performed by the control.

Independent drive strop is configured via MD 37500: ESR_REACTION=12
activated with the system variables $AA_ESR_ENABLE and started after the
delay time T1 (see below) with the system variable $AN_ESR_TRIGGER.

T1 is defined in MD 1637: GEN_STOP_DELAY.

Speedn A

I
T1]

Braking ramp according to machine data ~ Time t

Fig. 2-12  Independent drive stop SIMODRIVE 611D
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Reactions

The speed setpoint currently active as the error occurred will continue to be
output for time period T1. This is an attempt to maintain the motion that was
active before the failure, until the physical contact is annulled or the retraction
movement initiated in other drives is completed. This can be useful for all
leading/following drives or for the drives that are coupled or in a group.

After time T1 all axes are stopped at the current limit with zero speed setpoint
and the pulses are deleted when zero speed is reached.

2.6.11 Independent drive retract

External
safety logic

Measuring system

Retraction path

3/M3/2-74

Axes with digital 611D drives can (if configured and enabled) independently
conduct a retract motion

* when the control fails (sign-of-life failure detection).
¢ when the DC link voltage drops below a warning threshold.

* when triggered by system variable $AN_ESR_TRIGGER.
The retract movement is conducted independently through 611D.

After the beginning of the retraction phase the drive independently maintains its
enables at the previously valid values. The emergency retraction is only
conducted if pulse and servo enable (and system variable $AA_ESR_ENABLE)
were set at the time the retraction was triggered and the drive in question was
therefore enabled.

In the event of control failure the pulse enable set is sufficient. In this case the
611D drive independently generates its servo enable if it is still able to do so
(subfunctionality for “Retract with clamped axes”). Any clamped axes have to be
connected by the user.

The external safety logic for a control drive pair with drive emergency retraction
must be implemented in such a way that the drive unit is still operable in the
event of a control failure (for example, PLC stop and NC READY failure; the
appropriate machine safety must be configured).

For the drive there is no reference to the NC geometry system. On the NC side,
the unit system of the motor measuring system is only known if it is used as a
position measuring system.

The retraction path is therefore specified to the drive using the following
geometry-neutral data:

— Speed setpoint, direction (leading sign):
MD 1639: RETRACT_SPEED

— Travel time: MD 1638: RETRACT_TIME

The drive traverses the programmed “retraction path” using a time-controlled
speed that it specified in the drive.

© Siemens AG, 2002. All rights reserved

SINUMERIK 840D/840Di/810D Description of Functions Special Functions (FB3) — 11.02 Edition



09.95 Axis Couplings and ESR (M3)
2.6 Extended stop/retract: ESR (SW 5 and higher)

It must be activated by the system variable $AA_ESR_ENABLE and triggered
with SAN_ESR_TRIGGER.

The “retraction path” really traversed in the event of an error depends on the
current actual speed at the time that the emergency retraction was started and
can deviate slightly from the programmed path as the drive does not monitor a
path (no interpolation).

After this process speed setpoint zero is preset for the retraction axes too and a
standstill occurs at the current limit (comp. independent drive stop).

Note

* The independent drive emergency retraction is only effective if the bit “pulse
suppression” is set to OFF in MD1612: ALARM_REACTION_POWER_ON
and MD1613: ALARM_REACTION_RESET.

* With active emergency retraction it is not possible to parameterize the
emergency retraction. Although data are transferred to the drive, they are
not accepted. There is no message to the user.

2.6.12 Configuring aids for ESR

Voltage failure The following hardware and software components are required:
* Hardware components
— SINUMERIK 840D with e.g. NCU 573 and MMC 103

— SIMODRIVE 611D with servo drive controls 6SN1 118-0DG... or 6SN1
118—0DH...

— Closed-loop controlled I/RF module (16kW and greater) with suitable
pulse resistor module and additional capacitors for the DC link if
required.

— Capacitor module (6FX2 006—1AAQ0) for backing up the 115-230VAC
power supply for the central controller and the operator panel front or
alternatively the 24VDC power supply.

* Software components
— System software: V5
— ESR option
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The following points must be taken into account for configuring:

1. The electronics supply of the servo drive control must be provided by the
DC link. For this, the user must connect the I/RF modules to the DC link (see
Installation & Start-up Guide 611D).

2. A suitable backup system must be available for the NC and operator panel
front; e.g. a capacitor module for 230V power supply or an accumulator for
24V power supply.

3. There must be a suitable backup system for supplying power to the PLC
I/Os or the NCK terminal block I/Os, e.g. an accumulator.

DC link backup The energy available in the drive DC links on power failure is calculated as
follows:
E=1/2*C* (Upg2 — Unin?)
With

E= Energy in watt seconds [Ws]

C= Overall capacitance of the DC link in Farad [F]

Upc= Contents of MD1634: LINK_VOLTAGE_RETRACT
Umnin= Minimum limit for safe operation

(taking the motor-specific electromotive force into account, but
still above the deactivation threshold of 280 V in all cases)

Example:

For C= 6000uF (see Table 2-4, 1st line) — 20% = 4800 uF
Upc= 550V (MD 1634)
Umnin= 350V (assum.)

E is calculated as:

E = 1/2 * 4800uF *((550V)2 — (350V)2) = 432Ws

Under load conditions, this energy is available for a time period of
tmin=E/Pmax M

to initiate the emergency retraction.

With
tmin = Backup time in milliseconds [ms]
Pmax = Power in kilowatts [kW]
1 = Efficiency of the drive unit

The calculated values for the above example where:
E = 432Ws
Pmax = 16kW (see Table 2-4, 1st line)
n=0.90

are as follows:

tmin = 432Ws / 16kW * 0.9 = 24.3ms

as the minimum backup time for emergency retraction.
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09.95 Axis Couplings and ESR (M3)
2.6 Extended stop/retract: ESR (SW 5 and higher)
The following table shows the values for different I/RF units. Nominal and
minimum capacity are taken into account. The maximum possible capacitance
(load limit) consists of the sum of the capacity of the I/RF module and the
axis/spindle modules, as well as the external auxiliary capacitors (to be
provided by the user). The minimum capacitance used in the table takes a
component tolerance of —20% into account (worst case).
Table 2-4 Nominal and minimum backup time for different I/RF units
Power Pax Max. possible | Energy contents | Energy contents | Backup time t, Backup time
of I/RF unit capacitance (Cmax) (Cmin) with Pyax timin With Pyax
[kw] Crmax [Ws] [Ws] [ms] [ms]
[wF]
16 6000 540 432 30.38 24.30
36 20000 1800 1440 45.00 36.00
55 20000 1800 1440 29.46 23.56
80 20000 1800 1440 20.25 16.20
120 20000 1800 1440 13.50 10.80

Energy balance

Stopping as en-
ergy supply

Independent drive

stop/retract

When configuring the emergency retraction, it is always necessary to establish
an energy balance to find out whether you can do without an additional
capacitor module or a generator axis/spindle (with correspondingly dimensioned
centrifugal mass).

From approx. the third interpolator cycle, changes are made to the speed
setpoints for the configured stop/retraction axes/spindles.

After this time lapse, the braking phase starts (if no independent drive stop is
configured in this axis).

As soon as the braking process is initiated, the energy released in this manner
is available for retraction motion. Use an energy balance to ensure that the
kinetic energy of the braking axes is sufficient for the retraction.

The energy balance shows the maximum setting for the interpolator cycle time
which will allow a safe emergency retraction to be executed.

Example:

With a 16kW unit under maximum load and minimum DC link capacitance it
should be possible to execute an emergency retraction without generator
operation. For this, the interpolator cycle time should theoretically be a max. of
4.86ms, i.e., in this case you can set a max. of 4ms.

If required a more powerful NC-CPU can be used in order to achieve optimum
conditions.

Independent drive stop and retract triggered by the NC is used when a very fast
reaction is required. In this case, the drive reacts within one interpolator cycle
and outputs a setpoint value for the configured axes/spindles.

Important:
After independent drive stop and retract it is necessary to perform a power ON.
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2.6 Extended stop/retract: ESR (SW 5 and higher)

Generator opera-
tion

3/M3/2-78

Note

When the drive bus is interrupted between NC and drive (sign of life failure) a
stop and retract can only be initiated by the drive.
Usually this situation does not occur at the same time as a power failure.

Generator operation is intended for situations where the DC link power is
insufficient for safe retraction (for at least three IPO cycles). The mechanical
power of a spindle/axis is used and the energy is optimally fed back to the

DC link. The DC link voltage is kept within the limits set in the machine data by
means of a two-step control.

In this case, the axis/spindle parameterized as a generator measures the
DC link voltage if it falls below the value set in the ms cycle. Thus the DC link is
backed up within 2 ms. (In normal conditions measurement every 4 ms.)

The energy stored in the drive
E=12*0* o?
where
©® = Total mass moment of inertia
o = Angular velocity at the time of switching to generator
operation

is recovered with approx. 90% efficiency.

For generator operation, it is advisable, especially when using large machines
with powerful I/RF units (55, 80, 120kW), to use a separate drive with centrifugal
mass which, after acceleration to maximum speed, only has to generate the
friction loss.

Of course, it is also possible to use any other drive as long as it is not directly
participating in the controlled stop/retract.

Axes that are participating in gearbox links that must be specifically maintained
are not suitable for this purpose.

Note

A minimum speed limit for the generator (SAA_ESR_STAT, bit 4) can also be
the source for the retraction process. This is advisable, for example, when gen-
erator operation is to be used to bridge short voltage interruptions.

In order to prevent the DC link voltage from becoming too high when braking
starts, and the drive from reacting with pulse suppression (which would cause
uncontrolled coasting down), it is necessary to use suitable pulse resistor
modules.
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Axis Couplings and ESR (M3)

2.6 Extended stop/retract: ESR (SW 5 and higher)

2.6.13 Control behavior

Power OFF/
power ON

Mode change, NC
Stop

RESET

Start of parts pro-
gram

Alarm behavior

If the retraction logic is stored in motion-synchronous actions, they are not yet
active on power ON.

If logic operations are to be active after power ON, they must be activated in an
asynchronous subroutine started by the PLC.

If an independent drive stop/retract is triggered, the drive software subsequently
requires a power OFF/power ON.

As of Software Release 6, the function “Event-controlled program calls” may be
used instead of ASUB.

Static synchronous actions can be used for the logic operations (vocabulary
word IDS). They are not affected by a mode change or NC Stop/reset.

Positioning a command axis/spindle is aborted with channel stop.
ESR is available in the modes AUTO, JOG, MDA.

Static synchronous actions are maintained after a reset.

On RESET, the values programmed for POLF and the activation by
POLFMASK are not deleted.

On start of a parts program, the values programmed for POLF and activation by
POLFMASK are deleted.

The reason for resetting the programmed values POLF/POLFMASK is to force
the ESR user (just as other users of the lift fast function) to explicitly program
the matching retraction position for each workpiece programmed in each parts
program, rather than trust that a suitable retract position has been stored in a
previous machining process.

* Errors in an axis outside the EG axis grouping:
This axis switches off “normally”. Stop and retract continue “undisturbed” or
are triggered by this type of error.

® Errorin aleading axis (LA):
Selective switchover to actual-value linkage already during stop, otherwise
as previously.

* Errorin a following axis (FA):

— Carry out retract: Retraction axis may not be a following axis, that is, no
conflict.

— Carry out stop: The following axis may react with uncontrollable
behavior. Saving the workpiece/tool must be left to the retraction;
however, the stop should not disrupt the process any further.

® Errorin the retraction axis: There is no retraction.
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2.6 Extended stop/retract: ESR (SW 5 and higher)

Block search,
repositioning

* EMERGENCY STOP
An EMERGENCY STORP is not a fault from the control’s point of view, rather
the response is the same as for any other control signal. For safety reasons,
EMERGENCY STOP interrupts the interpolation and all traversing
movements, and also dissolves the electronic coupling by canceling the
servo enables.

In applications where the coupling and traversing movements must remain
valid after EMERGENCY STOP, this EMERGENCY STOP must be delayed
long enough by the PLC for the required NC or drive-end reactions to
terminate.

The IS “ESR reaction is triggered” DB31, ... DBX98.7 is available as return
signal to the PLC.

If an alarm with channel-independent NOREADY reaction i