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Safety Guidelines

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent
damage to property. The notices referring to your personal safety are highlighted in the manual by a safety alert

symbol, notices referring only to property damage have no safety alert symbol. These notices shown below are
graded according to the degree of danger.

/\DANGER

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

/\WARNING

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

/\CAUTION

with a safety alert symbol, indicates that minor personal injury can result if proper precautions are not taken.

CAUTION

without a safety alert symbol, indicates that property damage can result if proper precautions are not taken.

NOTICE

indicates that an unintended result or situation can occur if the corresponding information is not taken into
account.

If more than one degree of danger is present, the warning notice representing the highest degree of danger will

be used. A notice warning of injury to persons with a safety alert symbol may also include a warning relating to
property damage.

Qualified Personnel
The device/system may only be set up and used in conjunction with this documentation. Commissioning and
operation of a device/system may only be performed by qualified personnel. Within the context of the safety notes

in this documentation qualified persons are defined as persons who are authorized to commission, ground and
label devices, systems and circuits in accordance with established safety practices and standards.

Prescribed Usage

Note the following:

/\WARNING

This device may only be used for the applications described in the catalog or the technical description and only
in connection with devices or components from other manufacturers which have been approved or
recommended by Siemens. Correct, reliable operation of the product requires proper transport, storage,
positioning and assembly as well as careful operation and maintenance.

Trademarks

All names identified by ® are registered trademarks of the Siemens AG. The remaining trademarks in this

publication may be trademarks whose use by third parties for their own purposes could violate the rights of the
owner.

Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the

information in this publication is reviewed regularly and any necessary corrections are included in subsequent
editions.

Siemens AG A5E00251798-06 Copyright © Siemens AG 2008.
Automation and Drives ® 03/2008 Technical data subject to change
Postfach 48 48

90327 NURNBERG
GERMANY




Preface

Purpose of this manuals

This manual gives you a complete overview of the optional software package "S7-Technology".
The programming model, the individual technological objects and the individual function blocks
according to PLCopen are explained.

It is designed for STEP 7 programmers and persons who work in the configuration, commissioning
and automation system service with Motion Control application sector.

Required basic knowledge

To understand this manual you require a general knowledge in the automation technology and
motion control field.

Users should be familiar in operating computers and programming devices on a Windows 2000
Professional or XP operating system platform. Adequate knowledge of the STEP 7 standard

software is essential, because the optional software package "S7-Technology" is based on this
software. The appropriate knowledge base is found in the “Programming with STEP 7 manual.

Range of validity of this manual

This manual applies to the optional software package "S7-Technology" V 4.1 or higher. In the

chapter "What's New in S7 Technology V 4.1?" you will find the differences in functionality and
specifications of this version in comparison to the "S7 Technology" optional software package

version V1.0.

S7-Technology
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Further Support

If you have any technical questions, please get in touch with your Siemens representative or
responsible agent.

You will find your contact person at:
http://www.siemens.com/automation/partner

You will find a guide to the technical documentation offered for the individual SIMATIC Products
and Systems here at:

http://www.siemens.com/simatic-tech-doku-portal
The online catalog and order system is found under:

http://mall.automation.siemens.com/

Training Centers

Siemens offers a number of training courses to familiarize you with the SIMATIC S7 automation
system. Please contact your regional training center or our central training center in D 90327
Nuremberg, Germany for details:

Telephone: +49 (911) 895-3200.
Internet: http://www.sitrain.com

S7-Technology
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What's new in S7-Technology 1

What's new in S7-Technology V4.1

Flexible machine concept

Do you want to remove, either temporarily or permanently, configured technology objects
from the cyclic processing of the integrated technology, or temporarily or permanently
deactivate and remove DP slaves at the DP(DRIVE)?

The new technology functions "MC_ActivateTO" and "MC_ActivateDPSlave" are used to
activate / deactivate technology objects and DP slaves at the DP(DRIVE). Alternatively, you
can configure activation / deactivation in S7T Config.

Cam track

Use the new "Cam track" technology object if you want to use several output cams of the
same type on one axis.

The cam track is configured in S7T Config and activated by calling the "MC_CamTrack"
technology function. You can read the switching state of the individual output cams by calling
the "MC_ReadCamTrackData" technology function. You can edit the parameters of the cam
track in the user program by calling the "MC_WriteCamTrackData" technology function.

New functions of the Technology CPU CPU 31xT (firmware V2.6)
® [sochronous mode on the PROFIBUS DP (interface X1 MPI/DP)
® Updating the firmware online (via networks)
® Reset of the CPU to delivery state
For further information, please refer to the "CPU 31xT" Equipment Manual.

Older CPUs can be upgraded to the firmware version V2.6.

New STARTER functionality

The STARTER functionality integrated in S7-Technology corresponds to the new STARTER
Version V4.1.
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What's new in S7-Technology

Brake control (vertical axes)

Control the integrated brake control of the drives with the new version of the "MC_Power
technology function. The brake control of the following drives is supported:

e SIMODRIVE 611U universal
e SINAMICS S120
¢ MASTERDRIVES Motion Control Plus

Read first and second derivation of a cam point

If a cam disk is generated and interpolated in the Technology CPU, the result of the
interpolation cannot be checked in S7T Config. Use the new mode values 3and 4 at the
input parameter Mode of the "MC_GetCamPoint" technology function to read the first and
second derivation of a cam point. You can determine the velocity and acceleration at the
cam point with the read values.

Set the extrapolation for actual value coupling

Set the actual value filter and the extrapolation for the actual value coupling in the new
dialogs of S7T Config.

Fine resolution of the torque reduction

SINAMICS and SIMODRIVE drives now support a fine resolution of the torque reduction.
You can use the fine resolution of the torque reduction together with the technology functions
"MC_SetTorqueLimit" and "MC_MoveToEndPos".

Maintenance of the torque limit after removal of the enable

With the current firmware of the integrated technology V4.1.x, the torque limit is retained
even after removal of the enable by the "MC-Power" technology function.

S7-Technology
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Application and benefits 2

2.1 Compact and integrated

The Technology CPU integrates Motion Control functions in a SIMATIC CPU in order to
combine the functionality of a SIMATIC CPU S7-300 with PLCopen-compliant Motion Control
functions.

The Technology CPU is integrated to 100 % into the SIMATIC and TIA world and
demonstrates its high performance when used in coupled motion sequences.

2.2 The world of "SIMATIC"

The Technology CPU is a standard SIMATIC CPU with integrated Motion Control
functionality. This feature allows users to simply copy S7-300 programs from existing
projects to new projects.

The Technology CPU is programmed based on the SIMATIC programming languages LAD,
FBD or STL. PLC and Motion Control functions are edited in a single application program. It
is not required to learn any additional programming language. You can always fall back on
your SIMATIC S7 knowledge.

The Technology can be configured comfortably in STEP 7. There you can set all necessary
parameters such as the mechanical data, drive selection data, controller settings, defaults,
monitoring functions, output cams, measuring inputs, cam disks etc.

S7-Technology
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Application and benefits

2.3 Infegration of the PLCopen-compliant motion control functions in STEP 7

2.3 Integration of the PLCopen-compliant motion control functions
in STEP 7

The PLCopen-compliant Motion Control functions of your Technology CPU let you directly
utilize your Motion Control knowledge. Motion Control features functions which are compliant
with PLCopen specifications in terms of interfaces, functionality and sequences, and which
facilitate engineering, commissioning and service.

Thanks to the standardized interface, you can almost seamlessly implement the function
blocks required to initiate your Motion Control commands in the application program.

24 Supported components and systems

Valid for Integrated Technology with firmware version V4.1.x

SIMATIC Technology CPU / software

Function Product Order no.
SIMATIC Technology CPU CPU 315T-2DP 6ES7 315-6TG10-0ABO
(working memory 128 KB)
SIMATIC Technology CPU CPU 315T-2DP 6ES7 315-6TH13-0AB0
(working memory 256 KB)
SIMATIC Technology CPU CPU 317T-2DP 6ES7 317-6TJ10-0ABO
(working memory 512 KB)
SIMATIC Technology CPU CPU 317T-2DP 6ES7 317-6TK13-0AB0
(working memory 1024 KB)
SIMATIC Technology CPU MICROBOX 420-T 6ES7 675-3AG30-0AB0
Micro Memory Card MMC 4 MB or 8 MB 6ES7 953-8Lx11-0AA0
(for CPU 31xT-2DP) (8 MB recommended)
"S7-Technology" options package | SIMATIC S7-Technology V4.1 6ES7 864-1CC30-0YX0
STEP 7 STEP 7 V5.4 + SP2 6ES7 810-4CCO7-0Yxx
The following software product can be used in addition to the "S7-Technology" options
package:
Function Product Order no.
SCOUT CamTool SCOUT CamTool V2.1 6AU1 810-0FA21-0XA0

S7-Technology
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2.4 Supported components and systems

Components on PROFIBUS DP(DRIVE)

S7-Technology
Function Manual, 03/2008, A5E00251798-06

The Technology CPU supports the components listed below for technological tasks in
isochronous mode on DP(DRIVE) (status at the time this manual was released for printing):

Product |

Order no.

SIMODRIVE

SIMODRIVE 611U universal

6SN1 118-xNH00-0AAX

SIMODRIVE 611U universal HR

6SN1 114-ONBOx-0AAX

Options module Motion Control with PROFIBUS DP
(for SIMODRIVE 611U)

6SN1 114-ONB01-0AAQ

SIMODRIVE POSMO CA

6SN2 703-3AAX

SIMODRIVE POSMO CD

6SN2 703-2AAX

SIMODRIVE POSMO SiI

6SN2 4x

SIMODRIVE sensor single-turn / synchro-flange

6FX2 001-5FP12

SIMODRIVE sensor single-turn / clamping flange

6FX2 001-5QP12

SIMODRIVE sensor multiturn / synchro-flange

6FX2 001-5FP24

SIMODRIVE sensor multiturn / clamping flange

6FX2 001-5QP24

MICROMASTER 4

COMBIMASTER 411

6SE6 401-0PB00-0AAQ

MICROMASTER 420

6SE6 400-1PB00-0AAO

MICROMASTER 430

6SE6 400-1PB00-0AAQ

MICROMASTER 440

6SE6 400-1PB00-0AAQ

MASTERDRIVES
with communications module CBP2

Motion Control

6SE7 090-0xx84-0FF5

Motion Control Plus

6SE7 090-0xx84-0FF5

Vector Control CUVC

6SE7 090-0xx84-0FF5

Vector Control Plus

6SE7 090-0xx84-0FF5

Note the order supplement "Gxx" when ordering communications modul

e CBP2.

SINAMICS

SINAMICS S120 CU310 DP
(firmware up to and including V2.5)

6SL3 040-0xA00-0xxx

SINAMICS S120 CU320
(firmware up to and including V2.5)

6SL3 040-0xA00-0xxx

SINAMICS G120 CU240S DP

6SL3 24x-0BAxx-xPAXx

SINAMICS G120 CU240S DP F

6SL3 244-0BA21-1PAO

SINAMICS G120D CU240D DP

6SL3 544-0FA20-1PAO

SINAMICS G120D CU240D DP F

6SL3 544-0FA21-1PAOQ

Terminal Module TM15 *

6SL3 055-0AA00-3FAQ

Terminal Module TM17 High Feature *

6SL3 055-0AA00-3HAO

SINUMERIK

ADI4

| 6FC5 211-0BA01-0AAX

SIMATIC IM

PROFIBUS module IM 174

‘ 6ES7 174-0AA00-0AAQ
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2.4 Supported components and systems
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Product Order no.

SIMATIC ET 200M **

IM 153-2 6ES7 153-2AA01-0XB0
IM 153-2 6ES7 153-2AA02-0XB0
IM 153-2 6ES7 153-2BA00-0XB0
IM 153-2 6ES7 153-2BA01-0XB0

SM 331 Al8x14Bit

6ES7 331-7HF00-0ABO

SM 331 Al8x14Bit

6ES7 331-7HF01-0ABO

SM 332 AO4x16Bit

6ES7 332-7ND01-0ABO

SM 332 AO4x16Bit

6ES7 332-7ND02-0AB0O

SM 321 DI16xDC24V

6ES7 321-1BH10-0AA0

SM 321 DI16xDC24V, Alarm

6ES7 321-7BH01-0ABO

SM 322 DO16xDC24V/0.5A

6ES7 322-1BH10-0AAQ

SIMATIC ET 200S **

IM 151-1 High Feature

6ES7 151-1BA00-0ABO

IM 151-1 High Feature

6ES7 151-1BA01-0ABO

IM 151-1 High Feature

6ES7 151-1BA02-0AB0O

2Al'l 2/AWIRE HS

6ES7 134-4MB02-0AB0O

2Al | 2WIRE HS

6ES7 134-4GB51-0AB0O

2Al'l 2WIRE HS
(Only with IM 151-1 High Feature 6ES7 151-1BA02-0AB0)

6ES7 134-4GB52-0AB0O

2Al'l 4AWIRE HS

6ES7 134-4GB61-0AB0O

2AIU HF 6ES7 134-4LB02-0AB0O
2AIU HS 6ES7 134-4FB51-0AB0
2A0 | HF 6ES7 135-4MB01-0AB0O
2A0 | HF 6ES7 135-4MB02-0AB0
2A0 U HF 6ES7 135-4LB01-0ABO
2A0O U HF 6ES7 135-4LB02-0AB0
2A0 U HS 6ES7 135-4FB52-0AB0

(Only with IM 151-1 High Feature 6ES7 151-1BA02-0ABO)

2DI DC24V HF

6ES7 131-4BB00-0ABO

2DI DC24V HF 6ES7 131-4BB01-0ABO
4D1 UC24..48V 6ES7 131-4CD00-0ABO
4DI1 DC24V HF 6ES7 131-4BD00-0AB0
4DI DC24V HF 6ES7 131-4BD01-0AB0O
8DI DC24V 6ES7 131-4BF00-0AAQ

2DO DC24V/0,5A HF

6ES7 132-4BB00-0AB0O

2D0O DC24V/0,5A HF

6ES7 132-4BB01-0ABO

2DO DC24V/2A HF

6ES7 132-4BB30-0AB0

2DO DC24V/2A HF

6ES7 132-4BB31-0AB0O

4DO DC24V/0,5A ST

6ES7 132-4BD00-0AA0

4DO DC24V/0,5A ST

6ES7 132-4BD01-0AA0

4DO DC24V/2A ST

6ES7 132-4BD30-0AA0

4DO DC24V/2A ST

6ES7 132-4BD31-0AA0

S7-Technology
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2.4 Supported components and systems

Product Order no.

4DO DC24V/2A ST 6ES7 132-4BD32-0AA0
8DO DC24V 0.5A 6ES7 132-4BF00-0AAO0
PM-E DC24..48V 6ES7 138-4CA50-0ABO
PM-E DC24..48V/ AC24..230V 6ES7 138-4CB00-0ABO
PM-E DC24..48V/ AC24..230V 6ES7 138-4CB10-0AB0O
PM-E DC24..48V/ AC24..230V 6ES7 138-4CB11-0AB0O
PM-E DC24..48V 6ES7 138-4CA00-0AAD
PM-E DC24..48V 6ES7 138-4CA01-0AA0
* For additional high-speed output cams, hardware limit switches and measuring inputs

** For analog absolute encoders, analog outputs for hydraulic axes, additional

output cams and hardware limit switches.

The components listed in this section can also be found in a hardware profile of HW Config.
For this, select the profile "SIMATIC Technology CPU" in HW Config.

You must have installed the most recent version of S7 Technology in order to obtain a
complete selection list in the profile.

DP-VO0 slaves on DP(DRIVE)

In addition to ET 200M and ET 200S, the system supports the operation of additional I/0 as
DP-VO0 slave on DP(DRIVE), however, with certain restraints:

® Interrupts are not possible
® DP-VO0 slaves can not be operated consistently in isochronous mode on DP(DRIVE)

® Higher response times are to be expected

POSMO A positioning drive

The POSMO A positioning drive can be operated on the DP/MPI segment of CPU 317T-2
DP. You can integrate the positioning drive using the special function blocks of the "Posmo A
Library." The Posmo A Library does not support DP(DRIVE).

Product Order no.
SIMODRIVE POSMO A 6SN21x

Hardware and software requirements

For information on hardware and software requirements for implementation of the
"S7-Technology" options package, refer to the readme.wri file on your product CD.

S7-Technology
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2.5 Components and what they are used for

2.5 Components and what they are used for

2.5.1 Hardware components

Technology CPU

MPI/DP

22

The diagram below shows the hardware components of a Motion Control solution with
Technology CPU:

The control unit of the Technology CPU performs the tasks known from a standard CPU of
the S7-300 family. The integrated technology controls, evaluates and monitors all hardware
components at DP(DRIVE) which are required by the Motion Control tasks. CPU 31xT
features 4 integrated digital inputs and 8 integrated digital outputs. MICROBOX T features 8
integrated digital outputs.

The MPI/DP interface is used to connect additional SIMATIC components, such as a PG,
OP, S7 controllers and distributed 1/O. Its operation as DP interface allows the configuration
of large, extended networks.

S7-Technology
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2.5 Components and what they are used for

DP(DRIVE)

The Technology CPU operates the DP(DRIVE) PROFIBUS interface in isochronous mode.
All hardware components addressed by the integrated technology must be available at the
DP(DRIVE). That includes components of the MICROMASTER, SIMODRIVE,
MASTERDRIVES, SINAMICS, and SIMODRIVE Sensor family.

252 Configuration tools

All Motion Control applications are configured and programmed in STEP 7. The figure below
shows the tools used to configure your MC application.

Technology-CPU

PLC Integrated Technology
Technology DBs Technology

bject
LAD/FBD/STL :> ﬁ- S
/i7
Technology Technology fct.

S7T Config
(incl. STARTER)

Objects CamTool
Management (optional)
DP(DRIVE) Drive

commissioning

Drive ES

LTt

S7-Technology HW Config SimoComU

DriveMonitor

Optional commissioning tools

SIMATIC STEP 7

STEP 7 represents the global platform for configuring and programming the Technology
CPU. All configuration tools required are called in SIMATIC Manager of STEP 7.

S7-Technology
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2.5 Components and what they are used for

SIMATIC S7-Technology

LAD/FBD/STL

SIMATIC S7-Technology is an options package used to configure Motion Control
functionality of your Technology CPU. SIMATIC S7-Technology is fully integrated in STEP 7
after installation. Tools included in its installation:

® Technology Objects Management
® S7-Tech Library
e S7T Config, including STARTER

You program your application and Motion Control jobs in the LAD/FBD/STL block editor. You
read the actual values of your Motion Control application from the user program to analyze
information and errors.

Technology Objects Management

S7-Tech Library

S7T Config

The "Technology Objects Management" tool is used to create and delete the Technology
DBs, and to set their parameters. You also call the "Technology Objects Management" tool
to rename Technology DBs or to assign different block numbers.

The S7-Tech Library is compliant with technology functions to PLCopen standard and is
called in your user program as function block. You use these to control your Motion Control
commands.

You configure the technology technology objects required to implement your motion control
task in S7T Config.

The STARTER functionality for the drives from the MICROMASTER and SINAMICS families
is integrated in S7T Config.

STARTER functionality in S7T Config

Parameterize the COMBIMASTER, MICROMASTER and SINAMICS drives with the
STARTER functionality that is integrated in S7T Config. The parameterization of these drives
can be called up in the SIMATIC Manager and in the Navigator of S7T Config.

The drives mentioned above can also be parameterized as stand-alone drives. Insert the
desired drive as a "single drive device" in S7T Config to this purpose. The parameterization
is carried out by means of PROFIBUS or the serial interface COM1, depending on the
available communication interface.

CamTool (optional)

24

You can purchase the optional SCOUT CamTool which provides an easy-to-use graphical
interface for creating cam disks.

S7-Technology
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2.5 Components and what they are used for

HW Config

HW Config is used to configure the hardware of your Technology CPU and the subnets at
the DP/MPI and DP(DRIVE) interfaces.

Drive ES Basic / SimoCom U / DriveMonitor

The optional tool packages Drive ES Basic and/or the stand-alone tools SimoCom U
(SIMODRIVE) or DriveMonitor (MASTERDRIVE) are available to support drive
commissioning.

Technology data blocks

Technology DBs can be called in the user program to read the actual data of technology
objects, that is the actual values and states of an axis, or error information.

Technology functions

The PLCopen-compliant technology functions are called in the user program of the
controller. Technology functions form the command interface to the technology objects. The
user program can monitor the status of Motion Control commands by evaluating the output
parameters of the technology function.

Technology Objects

The physical drives are mapped to technology objects and their properties parameterized at
the technology objects. Each technology object is mapped to the STEP 7 user program as
Technology DB to indicate its status. Technology objects may be interconnected and be
logically linked to hardware components. All technology objects such as axes, cam disks,
output cams, measuring inputs or external encoders are configured in S7T Config.

S7-Technology
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2.5 Components and what they are used for

2.5.3

Technology functions and Technology DBs

Technology functions and Technology DBs form the user interface to the integrated
Technology. The figure below shows the corresponding tasks handled by these components:

PLC Integrated Technology

Initiate Motion
Control command ;
Technology object

— Technglogy — Done, abort,
— function =— error message
— - of the task

Error/status messages
& actual values of the
technology object
Technology DB

Command execution time
Errors in integr. techn.,
DeviceDB DoneFlags, status of
integrated 1/0

Transfer values to

TraceDB graphic TraceTool
TraceTool(S7TConfig)
= Technology fct. |™ |Read configuration :
] Read ~ | data and system .
—_ SysParameter |\ variables |
Technology object
— — Change .
== Technology fct. === | configuration data
= \NriteParameter |m== and system :
— == | variables in RUN -

Technology object

Technology functions
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All Motion Control jobs are initiated in the Technology CPU by means of technology
functions. The integrated technology processes the jobs according to the sequence initiated
by the control system.

Motion Control commands address the technology objects you configured in S7T Config.
The technology objects are addressed by setting the number of the corresponding
Technology DB.

The command is initiated by a signal transition (positive edge) at input parameter Execute or
Enable. The output parameters of the technology functions return information about job done
and job cancel messages, and error messages if job initiation failed.

S7-Technology
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Technology DB

DB - MCDevice

DB - Trace

2.5 Components and what they are used for

The integrated technology writes the actual values of the technology object to the allocated
technology DB. Status and error messages generated in the course of job processing will
also be written to the technology DB.

The technology DBs are always non-retentive and are write protected in the AS, irrespective
of any object properties set at the DBs.

The status of integrated technology is mapped to the Technology DB "MCDevice".
"MCDevice" contains information about the maximum and average job processing time of
Motion Control commands, and about any errors of integrated technology.

In addition, the "MCDevice" technology DB makes it possible to display the status of the
integrated 1/0 and 32 completed messages (DonefFiag) of some Technology functions.
Which completed messages are displayed you can choose with the input parameter
DoneFlag of the Technology function.

S7T Config features the graphical TraceTool which can be used to analyze system
parameters and actual values.

In addition to the system parameters of integrated technology, the tool supports logging of up
to 8 variables of the S7 user program, (two DINT values, two DWORD values, and four
REAL values). The Trace Technology DB interfaces the control system with the integrated
technology.

Technology functions ReadSysParameter / WriteParameter

S7-Technology

It may be necessary in runtime to temporarily modify the configuration data and system
variables of integrated technology. Using the Technology function "MC_ReadSysParameter"
you can read the configuration data and the system variables, using "MC_WriteParameter"
you can overwrite. Changes made in the parameters are not retentive.
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2.5 Components and what they are used for

S7-Technology
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3.1

3.1.1

S7-Technology

Axes - Basics

Axis technologies

Configure the "Axis" technology object as "speed-controlled axis", "positioning axis" or
"synchronization axis." The various axis technologies differ in terms of axis functionality.

(gear / cam)

Function Speed-cgntrolled Positioning axis Sy_nchronization
axis axis
Change data record X X X
Speed or velocity preset X X X
Motion with torque reduction X X X
Positioning - X X
Move to fixed end stop - X X
Homing - X X
Advanced functions
Measuring inputs - X X
Output cams - X X
Synchronous operation (gear, - - X
cam)
Superimposing synchronization - - X

Function Manual, 03/2008, A5E00251798-06
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3.1 Axes - Basics

3.1.2 Special modes of operation

Following mode with disabled power unit

The position and speed controllers are inactive in following mode with disabled power unit.
The axis can neither initiate a motion, nor dynamic braking. The actual position and speed
values will be updated. The axis position can also be monitored in following mode with
disabled power unit if external functions are active. This mode is only supported for real
axes.

Following mode with enabled power unit

The position control is inactive, and speed control is active in following mode with enabled
power unit. The actual position and speed values will be updated. The axis position can also
be monitored in following mode with enabled power unit if external functions are active at the
axis. This mode is only supported for real axes.

Simulation mode

Simulation mode is used to test the programmed sequences in the controller and the
interaction between different axes based on trace recordings without moving the axis. This
mode is only supported for real axes.

During simulation mode all drives must be connected and be operating without faults. An
axis is simulated internally by setting the actual values equal to the setpoint values. The
following error in simulation mode always equals zero.

3.1.3 Axis types

You can select two different types of axes for your configuration. The axis type (linear or
rotary, each also as modulo axis) is in essence determined by mechanical conditions, and by
the physical units used to calculate axis-specific variables such as the position or speed.

® | inear axes

Linear axes are usually configured where the axis traversing range is mechanically
limited. The position profile is linear within the traversing range. Basic physical units of
the motions are length units such as millimeter.

e Rotary axes

Rotary axes are usually configured for the rotary motion range. Their motion range is not
limited mechanically. Basic units for these motions are rotational units such as degrees.
Usually, rotary axes are also configured for operation as modulo axes.

Linear and rotary axes can be configured for operation as modulo axes. The position of such
a modulo axis is defined (setpoint and actual value) within a range which is derived from the
modulo start value as the low limit, and by the modulo start value plus the modulo length as

the high limit.

S7-Technology
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3.7 Axes - Basics

A rotary axis with a motion range from 0 ° to 360 °" has a modulo start value of 0 °, and a modulo

length of 360 °.

The axis position is reset to 0 ° when it reaches its high limit (360 °.) When it passes the low
limit (O °), the axis position is set to the modulo start value plus the modulo length (360 °.)
The position profile is linear within the modulo length.

Note

If linear or rotary axes are not configured for operation as unidirectional modulo axes, the
position value increments continuously.

The variables representing the setpoint and actual position are of the data type REAL, with a
resolution of 23 binary digits (mantissa.) Positioning precision of the axis therefore
deteriorates proportionally to the increase of the position value. For this reason you should
preferably use modulo axes for infinite axes, or reset the position to zero at appropriate
times.

3.1.4 Hydraulic axes

Valid for Integrated Technology with firmware V3.2.x or higher

Integrated Technology with firmware V3.2.x or higher supports the control of hydraulic axes.
The Technology CPU supports the control of hydraulic drives / hydraulic valves by way of +/-
10 V analog signals. The axis returns a manipulated motion variable as percentage, that is, -
100% is equivalent to -10 V, and +100% is equivalent to +10 V.

The configuration and programming is similar to that of electrical axes.

Special features of the hydraulic axis

® [nclusion of a valve profile in the calculation in order to compensate for non-linearity
between the control signal and the hydraulic drive.

® An "Axis" technology can be used to control several hydraulic drives / valves.
® No cascaded speed or torque limiting function in the hydraulic drive.

® Additional friction compensation with offset superimposition

I/0O supported for operation on DP(DRIVE)

S7-Technology

® Drive interface IM 174/ADI4

® Analog output module of ET 200M or ET 200S for controlling the hydraulic drive
® Incremental encoders / rectangular TTL

® Absolute encoders / SSI

® Analog absolute encoders / sensor analog

Control variants supported by the Technology CPU:
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Example of a control by way of proportional directional valves

Example of the control of proportional directional valves using the Technology CPU

Encoder

A

Technology CPU

i Position E

: controller '

H O Q i :

— ! i

- 74' A . DP(DRIVE) : Setpoint l

) 4 H :

P @ @ i___________________.:
T @

hydraulic

reservoir

A hydraulic pump charges a pressure-regulated hydraulic reservoir. The hydraulic pump
must be controlled by the user program.

In this example a 4/3 proportional directional valve controls the cylinder or the hydraulic
drive. The Technology CPU controls the flow volume (Q) of the proportional directional valve
by setting an analog output at DP(DRIVE). An encoder can be used to log the cylinder
position.

Hydraulic axes can be configured for operation as speed-controlled axis, positioning axis or
synchronization axis.

S7-Technology
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3.7 Axes - Basics

Example of the control of a variable speed pump using switching directional valves

encoder encoder

Example of the control of switching directional valves and of a variable speed pump

|IIIIIILI|IIII|IIII|IIII| |IIIIIILI|IIII|IIII|IIII|

y

A

A

STl user program DO Tl %rogram DO
W‘X—Tl( W‘XT“'TlTl
=) o o—l
T ® ® ®
S A T
| I
| o— P/ Lo |
1 U 1
| I
| I
| I
Q
|
| y !
e !
Speed pump |
|

S7-Technology

A variable speed pump controls the flow volume (Q) for cylinder movement. The Technology
CPU handles the control of the variable speed pump by setting an analog output at
DP(DRIVE). The control of 4/3 switching directional valves must be handled in the user
program by setting digital outputs. An encoder can be used to log the cylinder position.

This variable speed pump control only allows unidirectional control of the hydraulic by the
Technology CPU, that is, as speed-controlled, position-controlled, or synchronization axis.
The reversal of direction must be handled in the user program by setting the 4/3 switching
directional valves and activating separate valve profiles.

The example shows that a single hydraulic axis (variable speed pump) can be used
alternatively to control several cylinders or hydraulic drives. in this case, use a separate pair
of valve profiles for each hydraulic drive of the shared axis.
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3.1 Axes - Basics

315 Real and virtual axes

This documentation uses the term "Axes" for both real and virtual axes.
e Real axis

This axis features motion control functions and a drive and encoder interface
o Virtual axis

This axis type supports the generation of control variables, however, it has neither a
closed-loop control, nor a drive interface, nor an encoder interface. The setpoints and
actual values are always equivalent. A virtual axis is usually implemented as an auxiliary
axis, for example, to generate the master setpoints for several real axes when operated
as leading axis in a synchronized group.

Difference between a real and a virtual axis, based on the example of a position axis:

Motion control

N

r 2

Generation of manipulated variables

N

/ B

Program > . » Position control > ) .

interface « — | Interpolation « — _|/servo < Drive unit
_ J

Virtual axis
\ J
'

Physical axis

Note

Hydraulic axes are real axes with valve profile.

3.1.6 Difference between "Axis" and "Drive"

The "Axis" technology object interfaces the user program with the actual drive. It receives,
executes and monitors Motion Control commands requested by the user program of the
PLC.

The axis communicates via PROFIBUS with the drive which contains the speed and current
controls.

Drives are configured and commissioned separately from the axis.
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3.7 Axes - Basics

Function interface to the drive

S7-Technology

The Technology CPU supports operation of digital drives (SIMODRIVE 611 universal,
MASTERDRIVES MC, for example) by way of DP(DRIVE) interface, or of analog drives by
way of IM 174 / ADI4, or of stepper drives by way of IM 174. A defined message frame
interfaces the technology object and the drive component and must be selected and
configured separately for each component according to the functionality required.

These message frames are used to transfer data such as control words, status signals or
encoder information between the control system (technology object) and the drive
component (drive, for example.)

Note

An axis can only execute functions which the connected drive actually supports. The
supported functions such as operation with SIMODRIVE 611U or MASTERDRIVES MC are
described in the drive documentation (for further information please also refer to the
corresponding product descriptions.)
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3.1.7 Base coordinate system - superimposing coordinate system

We distinguish between two different types of motion in the Technology CPU in terms of their
effect:

® Basic motion

® Superimposed motion

The Technology CPU calculates motions based on a base coordinate system and a
superimposing coordinate system. Superimposing motions return the following scenario:

a

o]

>t N
Base coordinate system

Q
\

<

>t

Cumulative coordinate system

>t

Superimposing coordinate system
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All coordinates (time/distance, time/velocity and time/acceleration) are added at a given time
to return the cumulative coordinate system.

Basic motion commands:
e "MC_MoveAbsolute"
® "MC_MoveRelative"
® "MC_MoveAdditive"
e "MC_MoveVelocity"
o "MC_MoveToEndPos"

e "MC_Gearln"
e "MC_GearOut"
e "MC_Camin"

e "MC_CamOut"

e "MC_Phasing"

These commands affect the base coordinate system.
Commands for superimposing motions:

e "MC_MoveSuperimposed"

e "MC_GearIlnSuperlmposed”

® "MC_GearOutSuperimposed"

e "MC_CaminSuperimposed"

o "MC_CamOutSuperimposed"

e "MC_PhasingSuperlmposed”

These commands affect the superimposing coordinate system.

The "MC_Home" command may have an effect on both coordinate systems, depending on
the value at input parameter Mode.

The vectors of the coordinate systems are indicated as system variables at the axis.
Values of the base coordinate system at the axis:

® basicmoftion.positionbasicmotion. velocitybasicmotion.acceleration

Values of the superimposing coordinate system at the axis:

® superimposedmotion.positionsuperimposedmotion.velocity

® superimposedmotion.acceleration

Cumulative coordinates:

® positioningstate.commandposition. Position setpoint (total)

® moljonstatedata.commandvelocity. Velocity setpoint (total)

® motionstatedata.commandacceleration. Acceleration setpoint (total)

Only one basic motion and one superimposing motion may be active at the axis at any given
time. A superimposing may also be active without active basic motion.
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3.1 Axes - Basics

3.1.8 Homing

38

The position entries and displays for position-controlled axes refer to the axis coordinate
system. The axis coordinate system must be synchronized with the real, physical position of
the axis.

Note

Note the following:
e Absolute encoders must be adjusted only once.

e The homing position of axes with incremental is retained when the CPU goes into STOP,
and is lost after POWER OFF

e A homed axis must be homed again after its initialization (Restarf) when operated with
incremental measuring system.

¢ Motion commands with relative position definitions ("MC_MoveRelative", for example) can
be executed both in homed / non-homed state.

e Motion commands with absolute positioning at a non-homed axis:

— Executable if "no" was selected from the drop-down list in S7T Config, Axis > Homing
dialog box, "Active homing" tab

— Not executable if "yes" was selected from the drop-down list in S7T Config,
Axis > Homing dialog box, "Active homing" tab

Incremental encoders are synchronized using the MC_Home technology function. In active
homing, either the reference point coordinate, or the reference point coordinate minus the
reference point offset will be set at a defined mechanical position of the axis.
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Homing modes
e Active homing

In active homing mode, the "MC_Home" technology function performs the required
reference point approach. Any active motions will be canceled for this operation. Homing
modes available in S7T Config:

— Reference cam and encoder zero mark
— Encoder zero mark only
— External zero mark only

® Passive homing

In passive homing mode, the "MC_Home" technology function does not technology
function does execute a reference point approach. Active motion commands will not be
affected. The "reference point approach” required must be implemented by means of
external functions or in the user program.

Homing modes available for configuration in S7T Config:

— Reference cam and encoder zero mark
— Encoder zero mark only
— External zero mark only
— Default setting
® Direct homing

The axis position is set without making allowances for reference cams or zero marks. The
axis must be at a standstill in order to allow precise assignment of the reference point to a
mechanical position.

e Correct position value

An offset value is subtracted from the current axis position. Current motions and homing
operations are not affected.

e Correct the internal axis coordinate system

An offset value is subtracted from the current position of the base or superimposed
coordinate system. Current motions and homing operations are not affected.

Note
Device-specific properties

The reference cam can be connected either to the integrated inputs of the CPU or to a
slave on DP(DRIVE) for homing with reference cam and encoder zero mark.

In homing mode with "external zero mark only", the external zero mark must be
connected to the input device where the encoder is also registered, for example, at the
drive or at IM 174/ADI4.

For further information on device-specific conditions and additional parameter settings,
refer to the supplementary information on SIMODRIVE 611U, MASTERDRIVE-MC,
SINAMICS S120 or IM 174/ADI4 on your product CD-ROM and to the manuals.

S7-Technology
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3.1.9 Absolute encoder adjustment

The "MC_Home" (Mode = 5) and " " ( MC_ExternalEncoder= Mode6MC_ExternalEncoder)
technology functions are used to activate the absolute encoder offset in the calculation for
axes and external encoders.

The actual position of an axis with absolute encoder is set to the required value. This shifts
the absolute phase of the absolute encoder by an offset value. This offset is stored
permanently and remains active until the next time the absolute encoder is adjusted. This
function must be executed once in the controller commissioning phase.

The offset is deleted if the Technology CPU changes from STOP to RUN and the technology
object is invalid. This is, for example, the case if the technology CPU is started without an
MMC or Compact flash card.

To adjust the absolute encoder:

1. Disable the software limit switches, as you can not adjust the absolute encoder while
these are active.

2. Move the axis to the relevant reference position, and then adjust the absolute encoder
("MC_Home" or "MC_ExternalEncoder" technology function.)

3. Enable the software limit switches again (if necessary)

Note that the result of absolute encoder adjustment only offsets the encoder value. The
offset of absolute encoder adjustment and the absolute encoder value are decisive for the
position after POWER OFF or restart ("MC_Reset", Restart = TRUE.) The current actual
position is also affected during operation by the modulo settings of the axis and by
positioning or position correction commands.

Offset by absolute
value encoder

adjustment Correction in runtime
(permanent) (MC_Home: Mode 3/4/6/7)
Absolute i l
Encoder position
value P »(+) - >®—> Actual position value
encoder Effective on of the axis
POWER ON

3.1.10 Data record changeover

Introduction

40

You can create several axis data records to change controller parameters, or to toggle from
motor encoder mode to machine encoder mode while the system is in run, for example.

The axes listed below support multiple data records:
e Speed-controlled axes
® Positioning axes

® Synchronization axes
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Note
Virtual axes only have one data record.

Configuration
Create the date record in the axis configuration in S7T Config. Program the data record
using the Axis Wizard. Call the "MC_ChangeDataset" technology function to change the data
record in RUN..

3.2 "Speed-controlled axis" technology object

Use the "Speed-controlled axis" technology object if you only want to preset, control and
monitor the speed of an axis when the position is irrelevant.

Operating modes supported by speed-controlled axes: Technology object - Speed-controlled
axis Speed-controlled axis - Technology object

e Speed control (can be set using technology function "MC_Power™")
® Following mode (can be set using technology function "MC_Power")

e Simulation mode (can be set using technology function "MC_Power")

Functions supported for use with speed-controlled axes:
® Speed preset

® Motion with torque reduction

Technology functions
Technology functions supported by the technology object:

MC_Power MC_Reset MC_Stop
MC_Halt MC_MoveVelocity MC_ReadSysParameter
MC_WriteParameter MC_SetTorqueLimit MC_ChangeDataset
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3.3 "Positioning axis" technology object

3.3 "Positioning axis" technology object

Use this technology object to move the axis to a defined position and to control and

monitor that position.

The positioning axis contains all functions of the speed-controlled axis.

Operating modes supported by positioning axes: Technology object - Positioning axis

Positioning axis - Technology object

® Speed control (can be set using technology function "MC_MoveVelocity")

® Position-controlled (can be set using technology function "MC_Power")

® Following mode (can be set using technology function "MC_Power")

e Simulation mode (can be set using technology function "MC_Power")

Functions supported for use with positioning axes:

® Traversing at preset speed
e Motion with torque reduction
e Positioning

® Move to fixed end stop

® Homing

Technology functions

Technology functions supported by the technology object:

MC_Power

MC_Reset

MC_Home

MC_Stop

MC_Halt

MC_MoveAbsolute

MC_MoveRelative

MC_MoveAdditive

MC_MoveSuperimposed

MC_MoveVelocity

MC_MoveToEndPos

MC_ReadSysParameter

MC_WriteParameter

MC_SetTorqueLimit

MC_ChangeDataset

42
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3.3 "Positioning axis" technology object

3.3.1 Position Control

The following figure shows the block diagram of the positioning axis with position control.

servoData.compensatedServoCommandValue

servoMonitoring.controlstate
9 servoData.totalServoCommandValue

IPO setpoints

positioningState.commandPosition servoData.servoCommandValue actorData.setpoint
motionStateData.commandVelocity
motionStateData.commandAcceleration
IECEEEEEEEEEE e .
i 1 Enables ) ! : !
| ) v\ Fine . D i \ Controller 1 Preparation of !
i Motion IPO |__\ Emergenc ) ) Setpoint, ynamic : ' A '
' :'——> stopgpergting_> interpolation |—| superimposed response with —V: \r/r;a:irggltg:ted :
: i adaptation precontrol ' '
: i modes *1 o P *3 L
_____________ Y
pemmemm-emmeeae- '
! Actualvalue |
positioningState.actualPosition / system i

motionStateData.actualVelocity
motionStateData.actualAcceleration \ Lo .

*1 If there is no enable or emergency stop, IPO is in follow-up —
mode, that is, IPO setpoint = IPO actual value SenSOFBaia-Polsltlgn

. R o . - sensorData.velocity

2 Setting options: linear, cubic, quadratic, direct sensorData.accleration

*3 PT2 element with T1, T2

When position control is active, controllers, monitoring, and compensation are active. The
monitoring functions are disabled in certain modes, for example, the position-related
monitoring functions for torque or pressure limiting.

All compensation functions can be enabled/disabled.

Encoder systems, actual value calculation, and monitoring functions are active on the actual
value side when position control is not activated. Compensation functions are not taken into
account.

The servomonitoring.controlstate system variable indicates whether the position controller is
active.
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Control loop structures

servodata.servoCommandValue

Inter-
polator

S7T Config provides a P-action controller with or without pre-control function, and a PID

controller.

Enable signals
Ernerg.-stop
Oper. modes

Fine
inter-
polator

motionStateData.commandVelocity

Quantization of the controller error

44

Setpoint
super-
imposition

Dynamic
adaptation

Set-
point

activel Bias control

Kpc

Y

FHE

Position
controller

Symmetry filter
Y y KV

A e @) v B

servodata.co

Velocity
setpoint

Drive

ntrollerdifference

I: n_ Velocity
controller

servodata.followingerror

Actual position

x

motionStateData.actualVelocity

When the mode is changed from speed-controlled to position-controlled mode while the axis
is in motion, the equivalent time of the position controller is required to set the setpoint. The
equivalent time is set during configuration in dynamicData.position TimeConstant (electrical

axis) or in dynamicQFData.positionTimeConstant (hydraulic functionality).

You use the commandValueQuantizationFilter configuration data element to quantize the
controller error.
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Controllers with pre-control

servoMonitoring.controlstate

servoData.compensatedServoCommandValue

IPO setpoints
positioningState.commandPosition
motionStateData.commandVelocity
motionStateData.commandAcceleration

servoData.servoCommandValue

servoData.totalServoCommandValue

3.3 "Positioning axis" technology object

actorData.setpoint

<
S
4
=]
T
o

Enables ) ! : !
Fine i D i \ Controller 1 Preparation of !
Set t, ynamic 1 8 !
Emergency |, interpolation [—| etpoin response with —» manipulated |
H stop Operating superimposed ! recontrol i variables |
; modes 1 “ adaptation , . p! : :
1 S~
1
L
' . :’ |
K DA <— Actualvalue !
I positioningState.actualPosition / i system i
1 motionStateData.actualVelocity H i
motionState atatactualAcceleration PR
N
,' RN N sensorData.position
p S sensorData.velocity
N sensorData.accleration
servoSettings.additionalCommandValue[0] servoSettings.additionalCommandValueSwitch
> ¢
servoSettings.additionalCommandValue[1] % /O_‘
NI y
*4
servoData.servoCommandValue
*4
» »+)—» \——V
\

*1 If there is no enable or emergency stop, IPO
is in follow-up mode, that is,
IPO setpoint = IPO actual value
*2 Setting options: linear, cubic, quadratic, direct
*3 PT2 element with T1, T2

*4 Last value before opening is maintained

servoData.totalServoCommandValue

Note

Controllers featuring a precontrol function should be used as shown below:
e P-action controller with pre-control for the electric axis
¢ DSC to improve the control quality with greater kv values for digitally coupled drives (only

with P-action controllers with pre-control)
o PID controller at hydraulic axes. The actual value can optionally be set directly at the D-

action element)
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3.3 "Positioning axis" technology object

Balancing filters

Balancing filters are used to delay setpoints by the value of the process transition time,
before these are compared with the actual value and multiplied by the position control gain,
and are then set again at the process.

When precontrol is active, allowance can be made in the balancing filter for the process
response prior to formation of the system deviation from the position setpoint and actual
position.

e A PTI1 filter is used as a balancing filter with the configuration data element setting
balanceFilterMode = MODE_ 1. Its time constant is set in
adynamicData.velocity TimeConstantfor an electrical axis and in
dynamicQFdata.qOutputTimeConstant for a hydraulic axis.

® The following parameters are taken into consideration when the configuration date
balanceFilterMode = MODE_2 (V3.1 and higher) is set in the balancing filter:

— The equivalent time of the speed control loop
— The dead time determined by the system for the drive
— A dead time that can be input in additive increments by the user

® The equivalent time of the speed control loop, including the dead time determined by the
system with respect to the drive, plus an additive dead time that can be entered by the
user are taken into account in the balance filter with the configuration data element
balancefFilterMode = MODE 2 (V3.1 or later).

® The equivalent time of the speed-control loop is included in settings with DSC .

We recommend you use the setting balanceFilterMode = MODE_2 for the balancing filter.

3.3.1.1 Setpoint superimposition
Setpoint superimposition allows you to set additive setpoints at the setpoint channel.

You can tune the controller by setting additional signals of the function generator at this
channel.

{ servoSettings.additionalCommandvalu 0] ) ¥ o=

?73‘.*-

CservaSettings.additionalC ammandYalud 1]

—
F

{ servoSettings.addition alC ommandvalu e Switch ) . » -

setpoint channel -
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Note

An axis operated with setpoint superimposition cannot be switched back directly to normal
position-controlled mode. You first have to reset the setpoint superimpositions to zero.

Superimposition has an effect on the position of the positioning axis. The superimposition
also applies to the active position control and interpolator in following mode.

3.31.2 Dynamic response adaptation

The setpoint circuit of the control loop contains a configurable, dynamic PT2 filter with the
time constants T1 and T2. This filter can be used to tune axis synchronization. This feature
allows you to adapt the dynamic response of faster axes to the response of the slowest axis.

The equivalent time constant Tir of the axis with the poorest dynamic response is selected
as the resulting total time constant Tres.

The dynamic response of the axis is derived from the equation:
Tres = T1+ T2+ Tir

or the value of both time constants is derived from:

T1+ T2=TRes - TR

T4 Additive time constant 1

T2 Additive time constant 2

Tres (desired) resulting overall time constant of the axis

Twr  Equivalent time constant of the closed position control loop

The time constants are set in the NumberOfDataSets.DataSet 1.DynamicComp
configuration data element.

You can set PT2 response and thus prevent overshoot by wiring two PT1 elements in series.

(TypeOfAxis.NumberOfDataSets.DataSet 1.DynamicComp.enable)
(TypeOfAxis.NumberOfDataSets.DataSet_1.DynamicComp.T2)
(TypeOfAxis.NumberOfDataSets.DataSet_1.DynamicComp.T1D—

[ ‘
—l—l

Note
Set T4 unequal to To.
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3.3.1.3 Preparation of manipulated variables for the electric axis
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3.3.14 Manipulated variable superimposition

actorData, actual Additional Satpoint

Manipulated
variakle
superimpositio

servoSetlings. additicnal SetpointValue [0]
servoSeltings. additionalSetpointValueSwitch

——

servoSellings. addiionalSetpointyalue[1]

servoData totalServoCommandvalue

Superimposition of manipulated variables is set using the switch.
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3.3.1.5

Inter -
polator
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Dynamic Servo Control (DSC)

The position of position-controlled axes (positioning and synchronization axes) can be
controlled either in the CPU or in the drive, provided the drive supports dynamic Servo
Control (DSC).

Drive
Bias control K l
PC oo M
» » -
Position controller .
Symmetry filter Ky Velocity Velocity controller

Nist

Setpoint

\4

3
o
17\

E X . |: setpoint i_ |:

tpLc [[I |
I Actual position

Xist Xist

Nis

For position control with DSC (Dynamic Servo Control), the system calculates both the
position controller and the speed controller in the drive. This allows you to set significantly
higher gain factors (Kv) for the position controller. The position and speed control
parameters are calculated within the same cycle. Hence, the position control and its
subordinate control loop, meaning the speed controller, are calculated at precisely the same
speed.

B Drive / actual value

B Technology CPU / actual value

|

The actual values changes are smaller compared to the clock than the actual value in the
Technology CPU. The position controller can be corrected more exactly by having a more
exact actual value.

This allows tuning of the controller's low-signal response, so that you can set significantly
higher gain factors.

DSC allows you to set a higher Ky ratio for the sampling times. This increases the dynamics
in the reference variable sequence and of disturbance response at highly dynamic drives.
DSC is supported by all drives which support message frame 5, 6, or 105 and 106.

DSC is only useful for P-action position controllers.
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Note

The position controller requires tuning. For further information please refer to "Optimizing the
position controller - Overview (Page 853)."

3.3.1.6 Speed-controlled operation of a position-controlled axis

The transition from position-controlled motion to speed-controlled motion and vice versa can
be set both when the axis is at a standstill and when it is moving.

The dynamic response parameters and the maximum values for speed specification are
derived from the settings for position-controlled axis operation.

The position-related monitoring functions are deactivated. The encoder limit frequency can
be exceeded.

3.4 "Synchronization axis" technology object

A synchronization axis is a "following axis" which follows a "leading axis." Use the
"synchronization axis" technology object to use the motion and position values of a leading
axis as a master setpoint.

The synchronization axis contains all functions of the speed-controlled and positioning
axes.

Modes of operation supported by synchronization axes: Technology object - Synchronous
axis Synchronous axis - Technology object

® Speed control (can be set using technology function "MC_MoveVelocity")
e Position-controlled (can be set using technology function "MC_Power")
® Following mode (can be set using technology function "MC_Power")

e Simulation mode (can be set using technology function "MC_Power")

Functions supported for use with synchronization axes:
® Traversing at preset speed
® Motion with torque reduction
® Positioning
® Move to fixed end stop
® Homing
® Synchronous operation (gearing / camming)

® Superimposed synchronism (gearing / camming)
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Technology functions

Technology functions supported by the technology object:

MC_Power

MC_Reset

MC_Home

MC_Stop

MC_Halt

MC_MoveAbsolute

MC_MoveRelative

MC_MoveAdditive

MC_MoveSuperimposed

MC_MoveVelocity

MC_MoveToEndPos

MC_Gearln

MC_Camlin

MC_GearOut

MC_CamOut

MC_Phasing

MC_ReadSysParameter

MC_WriteParameter

MC_SetTorqueLimit

MC_ChangeDataset

MC_GearlnSuperimposed

MC_GearOutSuperimposed

MC_CaminSuperimposed

MC_CamOutSuperimposed

MC_PhasingSuperimposed

3.4.1 Structure of the "Synchronization axis" technology object

34.2

Example

52

The axis and synchronization object are separate objects. Both objects form a
synchronization axis.

The "Axis" and synchronization objects are interactive in terms of their relevant operating
states and effectiveness of commands.

If an active error is only pending at the synchronization object, the following axis is still
capable of positioning, but not of synchronous operation. You can always avoid this effect by
acknowledging all errors. Errors at the "Axis" object have an immediate effect on
synchronization functionality.

When the axis reacts with a stop, the synchronous motion is stopped as well.

Synchronized group

The "Synchronization" technology object can be used to interconnect axes so that these
form a synchronized group.

A leading axis (master) generates a master setpoint. The synchronization object processes
this value based on defined criteria, meaning that the gear ratio, scaling, offset, and the cam
disk, and assigns it to the following axis as a control variable.

Note

The master setpoints and slave values are coupled without physical conversion in the
relevant programmed unit. If, for example, the system operates with a linear leading axis (in
mm units) and a slave rotary axis (in degree units), then one millimeter corresponds to one
degree at a conversion ratio of 1:1.
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Example of mechanical synchronism

Gear synchronism is given, for example, when two mechanically coupled rollers are driven
by the same motor.

3.4 "Synchronization axis" technology object

The camming model can be interpreted as a cam gear consisting of a mechanical cam disk
and a sensing mechanism.

The technology functions used to synchronize and desynchronize components of a
synchronized system correspond with the function of a mechanical coupling.

Synchronized group

A synchronized group consists at least of these elements:

® A leading axis that returns the master setpoint

Leading axes can be formed by real and virtual positioning and synchronization axes, or
by external encoders

® A synchronous object

e A following axis

Objects in gearing

mode

[Master] axds

S

ar

External encoder

Swnichronization

object

l

[Slave) axis

Objects in camming mode

(Master] axis

ar

N

Gear ratio

External encoder

F.3
Smd’urnnizﬁtiun - Coam disk
ohjed
Zcaling, offset
[=lave) axis
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3.4 "Synchronization axis" technology object

Master setpoint coupling

A following axis can be interconnected with multiple master setpoints using the
synchronization object. However, only one master setpoint can be evaluated actively at any
time. The master setpoint can be returned by positioning axes, by a synchronization axes
(real or virtual), or by external encoders.

Cam coupling

54

In order to change over to a different master setpoint, call the "MC_GearIn" (gearing) or
"MC_CamlIn" (camming) technology function again in the user program. Use the
"MC_GearInSuperimposed" and "MC_CamInSuperimposed" technology functions for

superimposing synchronization commands.

Example of a synchronization object with several master setpoints

Az

A2

Axiz 3

— i

synchronization object

¥

[Slave) Axis

In the same way, you can use several cams disk for camming. You can use the "MC_Camin"
or "MC_CamiInSuperimposed" technology functions in the user program for dynamic
changeover of the cam disks.

Example of camming with several cam disks:

Master) axis

'

Synchronization
ohjed

l

[=lave) sxis

Cam digk 1

Cam disk 2

S

Cam disk 3
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Superimposing synchronism

Superimposing synchronism responds similar to superimposed positioning motions with
regard to the basic motion on the axis (motion or synchronism).

3.4 "Synchronization axis" technology object

The interconnection conditions for superimposing synchronism and basic synchronism are
identical. Same as a basic synchronization object, you can logically link a superimposing
synchronization object with several leading axes or cam disks.

[Maszter) axsz 1

[Master) axs 2

l

l

Carmn disk

Basic synchronism

Superim posing

ohjed synchronization objed

- Catn dizk

Rules
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[Slave) axis

The following rules apply to the interconnection:

® Control values can be used at multiple instances A leading axis can output the master
setpoint to several following axes Positioning axes, synchronization axes, virtual axes or
external encoders can determine master setpoints.

® The synchronization object can be interconnected with several master setpoints and cam
disks. Allowances must be made in the configuration of the synchronization object for all
combinations required for operation.

® An axis may feature up to two synchronization objects (basic synchronism and

superimposing synchronism.)
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3.4.3 Gearing

Define the transformation ratio and gear ratio as a function of the ratio between two integers
and an offset at the "MC_GearIn" and "MC_GearlnSuperimposed" technology functions. You
can modify the offset at later time using the "MC_Phasing" and "MC_PhasingSuperimposed"
technology functions.

Response characteristic

The response characteristic of gearing can be expressed as a linear correlation between the
master setpoint and the slave value.

‘ Fallow-up value

o
Control value

Following value = g » master setpoint + @
g = gear ratio (transmission ratio)
¢ = offset

Direction
The gear ratio can be defined by a positive or negative value. Resultant response:

e Positive gear ratio:
The leading and following axes move in the same direction.

e Negative gear ratio:
The leading and following axes move in opposite direction.

Absolute or relative gearing
Absolute or relative gearing can be set at input parameter Absolute.

¢ Absolute synchronism establishes an absolute correlation between the leading and
following axes.

An offset between the leading and following axes is compensated for during
synchronization based on the offset defined at the technology function.

e Relative synchronism establishes a relative correlation between the leading and following
axes

The system does not compensate for any offset which may develop between the axes
after the start of synchronization. The offset between the positions of the axes is set at
random and is determined by the time of their synchronization.
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Resetting axis positions during synchronous operation

Absolute coupling results in a compensating motion that eliminates the difference of position
setpoints:

P osition

Speed
v g

LSta’t MC_Home

Slave

Relative coupling does not result in a compensating motion, meaning the offset changes:

Slave e Position

-

—m—= Speed
W .-t

J*"—Start M _Home

You reset the axis position at the technology function "MC_Home" (Mode = 3 or 4).

344 Camming

Camming is characterized by a dynamic transmission ratio between the leading and
following axes, and by an offset. The transmission ratio is described by a cam disk (transfer
function.)

Scaling and offset of the cam disk used is possible both at the leading axis and at the
following axis. This enables individual adaptation of a cam disk in terms of its definition range
and range of values.

Synchronization of the following axis to a position within the cam disk is also possible, as is a
cam disk changeover at the end of a currently active cam disk.

Response characteristic

The response characteristics of camming are defined by a cam disk (y = f(x)).

slave value _ﬂ
/ 1
o=

master value

4
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Scaling and offset

The scaling and offset of the camming function can be set both at the leading axis and at the
following axis using the camming technology function. The configured cam disk is not
modified by the call of the "MC_Camln" technology function.

Transfer steps for camming

M azter Offset SlaveOffset
Position Master ﬂ#‘ ) Postion Slave
Master=caling Slavesoaling

Non-cyclic or cyclic cam disk operation

You can use input parameter CyclicMode of the camming technology function to set non-
cyclic (CyclicMode = 0) or cyclic (CyclicMode = 7) camming mode.

® "Non-cyclic" mode means that the cam disk is only executed once. Camming is
terminated when the end or start point of the cam is reached Example:

v i

S

(x = master setpoint; y = slave value)

-
E

® In cyclic cam disk mode, the leading axis are calculated as modulo function of the cam
disk length As with gearing, the coupling can be terminated by a programmed
cancellation command Example:

y

X

(x = master setpoint; y = slave value)

Absolute and relative camming

Absolute and relative camming mode can be set at the MasterAbsolute and SlaveAbsolute
input parameters of the "MC_CamiIn" technology function.

e |f absolute camming is set, the master setpoints based on the cam disk definition range,
and the slave values based on the range of values of the cam disk are interpreted as
being absolute values.

In absolute camming mode, the start and end values of modulo axes should be identical,
because otherwise unwanted step jumps may occur.

® The cam disk is offset beginning at the start value of camming when operated in relative
camming mode.

The possible settings for absolute and relative synchronism are shown below.
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Absolute synchronism with the leading axis and following axis

MasterAbsolute = 1, SlaveAbsolute = 1

In absolute synchronous operation, the effective cam disk precisely represents the
configured cam disk. The cam disk is not shifted in the coordinate system "Slave value =
f(master setpoint)."

During synchronization, the system approaches the cam disk point which is assigned to the
actual master position. A synchronization motion is not initiated if the following axis is already
positioned on a cam disk point at the start of camming.

Relative synchronism with the leading axis, and absolute with the following axis

MasterAbsolute = 0, SlaveAbsolute = 1

When operating with camming relative to the leading axis, the system evaluates
userdefault.cammingsettings.camstartpositionmaster the system variable and sets this value
as start position for camming.

You obtain the effective cam disk by shifting the configured cam disk along the abscissa in
the "following value = f(master setpoint)" coordinate system, so that
userdefault.cammingsettings.camstartpositionmaster coincides with the actual position of
the following axis at the start of camming. As synchronism is absolute to the following axis,
the axis is not shifted along the ordinate of the coordinate system.

During synchronization the following axis approaches the following value on the cam disk
which is assigned to userdefault.cammingsettings.camstaripositionmaster.

A synchronization motion is not initiated if the following axis has already reached this
position.
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Absolute synchronism with the leading axis, and relative with the following axis

60

MasterAbsolufe = 1, SlaveAbsolute = 0

You obtain the effective cam disk by shifting the configured cam disk along the ordinate in
the "slave value = f(master setpoint)" coordinate, so that its start position coincides with the
actual following axis position. As synchronism is absolute to the leading axis, the axis will not
be shifted along the abscissa of the coordinate system.

During synchronization, the following axis moves by a distance defined by the difference
between the slave value at the actual position of the leading axis set in the cam disk
definition and the start position of the cam disk. The following axis is positioned on the point
of the effective cam disk assigned to the actual position of the leading axis.

If the leading axis has reached the start position, or a certain cam disk point of which the
slave value corresponds with that of the start position, the axis will not perform a
synchronizing motion.
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Relative synchronism with the leading axis and following axis

MasterAbsolufe = 0, SlaveAbsolute = 0

When operating with camming relative to the master, the system evaluates system variable
userdefault.cammingsettings.camstartpositionmaster and sets this value as start position for
camming.

You obtain the effective cam disk by shifting the configured cam disk along the abscissa in
the "slave value=f(master value)" coordinate system in order to shift
userdefault.cammingsettings.camstariposifionmaster and the actual leading axis position.
The start position of the cam disk must coincide with the start position of the active following
axis.

During synchronization the following axis approaches the following value on the cam disk
which is assigned to the userdefault.cammingsettings.camstartpositionmaster .

During synchronization, the following axis travels by the distance defined by the difference
between the following values at userdefault.cammingsettings.camstarfposifionmaster and at
the cam disk start position. The following axis is positioned on the point of the effective cam
disk assigned to the actual position of the leading axis.

A synchronization motion is not initiated if the following axis has already reached this
position.

Correction of synchronous motions

Synchronous motions can be corrected by switching over the scaling and offset of the
master setpoint and slave value.

Other options include:
e Offset and scaling directly on the cam disk
® On-the-fly setting of the reference point on the master value source and the slave axis

® Superimposed positioning

Note

Any point of the cam disk can be set as the starting point for camming. This can be the
starting point, the end point, or any point within the cam disk.
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3.4.5 Superimposing synchronism

You can configure superimposing synchronism for camming and gearing. This is done by
configuring an additional superimposing synchronization object at the synchronization axis.
Cross-referencing synchronization objects is impossible.

[Mazter) axsz 1 [Master] axds 2
f Basic synchronism Superimposin :
Cam disk I— ! [Pt et
object synchronization object Gl =43
[=lave) axizs

Configuring axes with superimposed synchronism
A superimposing synchronization object is configured similar to a synchronization object.

Superimposed motion

Superimposing synchronism responds similar to superimposed positioning motions with
regard to the basic motion on the axis (motion or synchronism).

Several simultaneous superimposing movements are not possible at the axis:
® Superimposing positioning motion
® Superimposing synchronism

Superimposing synchronism can be active without concurrently active basic motion or basic
synchronism.

For further information on superimposing motions at an axis, refer to the corresponding
descriptions of the technological functions.

Coordinates

The basic synchronization object is referenced to the base coordinates when the axis
operates in absolute synchronism and the slave position is defined.

The superimposing synchronization object is referenced to the superimposing coordinates
when the axis operates in absolute synchronism and the slave position is defined.

Synchronism with reference to base coordinates and superimposing synchronism with
reference to superimposing coordinates do not influence each other.

The cumulative coordinate is derived from the base and superimposing coordinates.
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Absolute and relative synchronism

You can program and execute relative or absolute superimposing synchronism in the
synchronization function (with absolute reference to the superimposing coordinates!)

Monitoring

The output values of a synchronization object (and thus the motion element of
superimposing axis synchronism) can be read from system variable currentsiavedata at the
synchronization object.

Synchronization monitoring / status
The variables and monitoring functions at the axis refer to the resultant synchronism.

Error messages (synchronization error at the synchronization axis) are reported to all
interconnected synchronization objects.

3.4.6 Relative / absolute synchronism
The next examples show you the differences between relative and absolute synchronism.

In camming mode, the dependency of the following axis position (XF) on the position of the
leading axis (XL) is described by a cam. The next examples always use the basic cam
shown below:

The examples refer to "immediate synchronization." The actual positions of the participating
axes are relevant to this use. For position-dependent synchronization, evaluate the
"Synchronization position" instead of the "actual position."
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Absolute synchronism

Configure "absolute synchronism" at the "MC_Camin" technology function using the
following input parameters:

o MasterAbsolute = TRUE
®  S/aveAbsolute = TRUE

Absolute synchronism is the simplest use case, as it uses the basic cam. The assignment is
thus defined permanently by the cam. The following axis position is derived from a certain
leading axis position precisely as you can read it from the cam.

During activation of synchronous operation, the following axis is moved from its current
position to the position derived from the cam.

Position following axis
F3

maotion of the

v Tollowing axis
actual positionf--- 2o e F—‘...
1 : _Pasition
actual position leading axis

Relative synchronism

64

A cam with an offset to the basic cam is applied in relative synchronism. We distinguish the
following variants:

® The cam is shifted along the abscissa (MasterAbsolute = FALSE;
SlaveAbsolute = TRUE)

® The cam is shifted along the ordinate (MasferAbsolufe = TRUE; SlaveAbsolute = FALSE)
® The cam is shifted in any direction (MasterAbsolute = FALSE, SlaveAbsolute = FALSE)
Example 1 - Cam is shifted along the abscissa

Settings:

® MasterAbsolute = FALSE

® SlaveAbsolute = TRUE

With these settings you produce an effective cam by shifting the basic cam along the
abscissa.

The amount by which the cam is shifted along the abscissa depends on the position the
leading axis had at the time camming was activated, and on the
userdefault.cammingsettings.camstartposifionmaster system variable of the synchronization
object. The cam is shifted so that the point of the basic cam on the leading axis coordinate
userdefault.cammingsettings.camstartpositionmaster coincides with the actual leading axis
position.

The first diagram applies to userdefault.cammingsettings.camstartpositionmaster = 0, and
the second applies to userdefault.cammingsettings.camstaripositionmaster= 180.

The following axis moves from its current position to the position of the shifted cam.
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3.4 "Synchronization axis" technology object

effective cam
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following axis
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actual position leading axis

CamStartPositionMaster= 180
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Example 2 - Cam shift along the ordinate
Settings:

o MasterAbsolute = TRUE

® SlaveAbsolute = FALSE

These settings produce an effective cam by shifting the basic cam along the ordinate.

Fasition fallowing axis
&

effective cam

e
A —hasic cam
ra

actual position

Fuosition

leading axis
I

:\ actual p'msitil:un

CamstartPositionMaster = 0

Fosition following axis
A

effective cam

Jrﬁf hasic carm

actual position Fosition

leading axis
I

actual huaitinn

CarmStartPositionMaster = 180

The cam start position (smallest X value) is relevant instead of system variable
userdefault.cammingsettings.camstartpositionmaster in this context. The cam is shifted so
that its start point is shifted to the actual position of the following axis.
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Example 3 - The cam is shifted along the ordinate and abscissa
Settings:

o MasterAbsolute = FALSE

® SlaveAbsolute = FALSE

These settings produce an effective cam by superimposing both of the previously described
functions.

To illustrate the effect the basic cam can be shifted along the abscissa in an interim step.
Subsequently the cam start point along the ordinate to the actual value of the following axis
is shifted.

Position following axis

¥ 3 effective cam
hasic cam
‘_P
rmotion of the S
following axis A
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actual position TR e \cam shift alang
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& >
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CamstartPositionkdaster = 0
Fosition following axis
F Y
rmoation of the effective cam
following axis
I F
r I
basic cam ! ;
!' JJJ
actual position f------;-- - o
-o="" ..--D"'\
. cam shift along N
! the abscizsa Position
. leading axis
|

actual position

CamStantFositiontaster = 90

The following axis usually has to perform a compensating motion at the start of synchronism
in order to reach the cam point which is assigned to the current leading axis position. The
drawings show this as "motion of the following axis."
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3.5 "Cam disk" technology object

Use the "Cam disk" technology object to implement complex motion sequences. A "cam
disk" defines the dependency of a following axis position on the leading axis position.

A cam disk can also be used to define a valve profile for a hydraulic axis.

You configure the "Cam disk" technology object in S7T Config.

The cam profile can be defined either in S7T Config, or in the user program.

Definition of the cam in S7T Config

Use the CamEdit or Scout CamTool programs to define a cam based on interpolation points
or polynomials.

Cam definition in the user program

1.
2.
3.

Create the cam disk in S7T Config.

Delete and reset the cam disk using the "MC_CamClear" technology function.

Use technology function "MC_CamSectorAdd" to define the cam by setting interpolation

points or polynomials.

Interpolate the cam disk using the "MC_Camlnterpolate" technology function before you

prepare the cam for operation.

Technology functions

Technology functions supported by the technology object:

MC_Reset

MC_ReadSysParameter

MC_WriteParameter

MC_CamClear

MC_CamSectorAdd

MC_Caminterpolate

MC_GetCamPoint

68
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3.5.1 Scaling

When a cam disk is defined in S7T Config based on segments, the various cam segments
can be provided in a standard form scaled to factor 1, meaning that the range of values and
the defined range corresponds with the completed interval [0,1].

Mapping of a real cam disk segment to the scaled range:

Va
/ 1 _
.
A P 2
_Yi ‘
fiz,) Y, ':
¢
.
’
0sla’ >
0 T
X
> z, =K
X X X

k m

The segments can also be entered in the real range.

Advantages of scaling

e Definite description of the motion for similar tasks

® Independence of real units and ranges of the leading and following axes.
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3.5.2 Cam disk applications

A cam disk can be configured for operation in non-cyclic (single operation), cyclic relative
(continuous) or cyclic absolute (return to interpolation point) mode.

Example of a cam disk operating in absolute cyclic mode
(x = master setpoint; y = slave value)

ISIE‘JE'I.!‘IEIIUE | | | | f
N00%

Master value

If the cam disk is operated in cyclic mode and absolute to the following axis, all successive
start and end point values of the cam disk should match.

Any mismatch will cause a step response at the cam disk transition, and thus trigger
synchronization monitoring.

Example of cam disk operation in relative cyclic mode
(x = master setpoint; y = slave value)

A slave value

P
rnaster walue

If the cam disk is operated in cyclic mode and relative to the following axis, the successive
start and end point values of the cam disk do not have to match.

The system automatically sets the start point value at the end point at the cam disk
transition. This results in no jumps occurring in the cam disk transition.
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Example of cam disk operation in non-cyclic mode

3.5.3

S7-Technology

(x = master setpoint; y = slave value)

slave value

i — -

3
master value

Non-cyclic mode means that the cam disk is only executed once. Camming is terminated
when the end or start point of the cam is reached

Interpolation of cams

Interpolation of a cam disk is a basic requirement for using it in synchronous operation or as
valve profile.

Interpolation of the cam disk:

® |n S7T Config - alongside with the download of the cam disk to the target system.
® By calling the "MC_Caminterpolate" technology function the user program.
During interpolation the system performs the following checks and corrections:

® The continuity in the definition range (range of leading axis values) and in the range of
values (of the following axis) is checked. This check prevents redundant assignment of
values to a definition value.

® Gaps between the interpolation points and segments are padded. These areas are
padded according to the interpolation mode

® Missing edge areas are padded These areas are padded according to the interpolation
mode and cam disk type.

When interpolation is completed, the definition range of the cam disk is assigned an
unambiguous range of values.
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Continuity check

72

The system checks the continuity of a cam disk in the definition and value ranges, and
corrects any discontinuity found.

During this process, the points of discontinuity are examined separately for the definition
range / range of values, and are rated for one of the following corrective actions:

e |f the absolute value of the gap between segments exceeds a maximum, a correction is
made by interpolation between the two segments. This inserts a new segment according
to the defined interpolation mode. The cam disk type is included in this action if a
segment is inserted in the edge area.
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e |f the absolute value of the gap between segments is greater than the minimum and less
than the maximum, a correction is made by joining the segment end points. The mean
value of the spacing of the function is used for the correction. The shape of the segments
is affected as a result.

I | I I »
| | min | I
I i — |
Il“ Max .!

e |f the absolute value of the spacing between segments or interpolation points is less than
the minimum value, a correction is not made. The discontinuity point is retained. When
this discontinuity point is accessed, the right-hand edge point is output.
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The maximum value can be set in the "Interpolation" tab when you interpolate using
CamEdit. The "minimum value" corresponds with the entry "ignore gaps", and the
"maximum" with the entry "join points".

In the case of an interpolation with the "MC_Camlnterpolate" technology function, the
minimum and maximum values amount to 7e-004. each. Segment end points can therefore
only be joined by interpolation using CamEdit.

The point of discontinuity is corrected according to the rating of the definition range /range of
values.
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Condition

Result
Deviation < minimum Discontinuity retained
Minimum < deviation < maximum Joins segment points
Deviation > maximum Interpolation (new segment)

The correction is controlled for the definition range and the range of values each by the
definition of the minimum and the maximum shape deviation.

® Function continuity can be achieved by linear interpolation
® Continuity in the derivatives can be achieved by spline interpolation

If the continuity condition can not be adhered to due to the selected interpolation method or
the programmed geometry, a message is output to that effect.

If an interpolation edge point lies within the programmed geometry, all geometry elements up
to the edge points are rejected. If an interpolation edge point lies outside the programmed
geometry, an end point is extrapolated according to the interpolation method used and taking
into account the geometry characteristic.

Note

After interpolation, new polynomials or interpolation points can only be inserted after
resetting the cam with ("MC_CamClear".)
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3.54 Interpolation types

The interpolation type determines the rules of the interpolation of gaps. Interpolation types
which can be used:

Interpolation type Description Example
EE g
Linear Linear interpolation: =] i t.l
Gaps in the cam profile are :‘.' J '
closed by a "linear" operation, v ]
meaning by means of a straight = |
line. i f
T T L
L E |'.
T I.' 3
L ! L —
i J
- Ir

Cubic splines Interpolation with cubic splines: o y
The interpolated cam profile i Al *
runs through the cam i ¢ .
interpolation points or through T ;5
the defined cam segments. - /
The range of values at the cam - b b
disk may be (Y-min to Y-max) e | ‘*,' ]
higher than the value at the start |+ i S
of interpolation when - P
interpolation is completed. o ‘_,-
L
° RISV i N O O
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Bezier splines Interpolation with Bezier splines: e oo !
The interpolated cam profile . 17
runs along the cam interpolation o !
points or cam segments. - b1
Interpolation does not change " J!'r &
the range of cam disk values (Y- : Fi
min to Y-max.) o ] .
- " . pE—
L
=
-
o T R |----1:---|----|---- [P T g P
o= oW ™ WoOTm ) AN I M) OOE OTE 1N MO0 WY O M M JTH N

You can select the interpolation type using the "MC_Caminterpolate" technology function

and CamEdit:
Interpolation type "MC_Caminterpolate” CamEdit - "Interpolation” tab
Linear Mode =0 "linear"
Cubic splines Mode = 1 "cubic splines"
Bezier splines Mode =2 "Bezier splines"
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The cam disk type describes its application and the resultant interpolation of the points of
discontinuity at the edges of the cam disk:

not cyclic (discontinuity at the edge points)

The technology CPU uses the cam disk as defined, including any discontinuity at the

edges. This also applies when the cam disk is operated in cyclic mode. However, the
acceleration limits and inertia of the mechanical system and drive play a decisive role.

cyclic absolute (constant position and speed at the edge points)

The cam disk is interpolated so that its position and velocity remain constant at the edges
when operating in cyclic mode. The following axis values and velocities (cam gradients)
are identical at the cam edge points.

cyclic relative (constant speed at the edge points)

The technology CPU converts the cam disk so that its velocity remains constant at the
edges in cyclic mode. The values and velocities (cam gradients) at the cam edges are
identical. The following axis values are not be calibrated.

In "cyclic absolute" or "cyclic relative" mode, the Technology CPU can only calculate the cam
disk if a sufficient distance lies between the first defined position of the cam disk and the end
of the definition range. The same applies to the first defined position and the start of the
definition range.
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Example of the various interpolation modes based on a basic cam profile:

Basic polynomial

Polynom1:

X-min = 0.0, X-max = 0.5
Y-min= 0.0, Y-max = 0.5
Polynom2:

X-min=0.5, X-max=1.0
Y-min=0.0, Y-max=0.5

The basic cam consists of two polynomials. In order to be able to interpolate the cam
according to its given interpolation mode (non-cyclic, absolute and relative cyclic mode), the
end of the definition range (range of leading axis values) is extended from 7.00to 7.50in the
examples shown in the next section. Within this extended range, the cam is interpolated
according to the interpolation mode set.

Interpolation type

Description

Interpolation result

Linear

Interpolation:

linear, non-cyclic
Input parameter
"MC_Caminterpolate™:

Mode =0
CamMode =2
StartPoint = 0.0
EndPoint = 1.5

Result:

The basic cam remains
unchanged. Its end point is
extended by "linear"
interpolation along the
abscissa.
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Interpolation type

Description

Interpolation

result

Interpolation:
linear, cyclic absolute

Input parameter
"MC_Caminterpolate":

Mode =0
CamMode = 1
StartPoint = 0.0
EndPoint = 1.5

Result:

The basic cam remains
unchanged; its end point is
extended relative to its
start point by "linear"
interpolation
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Interpolation:
linear, cyclic relative

Input parameter
"MC_Caminterpolate":

Mode =0
CamMode = 0
StartPoint = 0.0
EndPoint = 1.5

Result:

The basic cam remains
unchanged; it is extended
along a linear coordinate,

based on its initial gradient.
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3.5 "Cam disk" technology object

Interpolation type Description Interpolation result

n-—

Cubic splines Interpolation:

cubic splines,
non-cyclic

Input parameter
"MC_Caminterpolate™:

Mode = 1
CamMode =2
StartPoint = 0.0
EndPoint = 1.5

Result:

The basic cam remains
unchanged. The cam is
extended within the
extended definition range
according to the
interpolation mode

Interpolation:
cubic splines,
cyclic absolute

Input parameter
"MC_Caminterpolate™:

Mode = 1CamMode = 1Sta
rtPoint = 0.0EndPoint = 1.5

Result:

The basic cam remains
unchanged. The cam is
extended within the
extended definition range
according to the
interpolation mode; the
interpolated cam operates
at constant position and
velocity
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3.5 "Cam disk" technology object

Interpolation type Description Interpolation result
Interpolation: “5_. '
cubic splines, il
cyclic relative W3-

Input parameter
"MC_Caminterpolate":

Mode = 1CamMode = 0Sta
rtPoint = 0.0EndPoint = 1.5

Result:

The basic cam remains
unchanged. The cam is
extended within the
definition range according
to the interpolation mode;

the interpolated cam
operates at constant =
velocity i P
IIII] Il IIIE. IIISI u ilﬁ “15” l.‘“ III$ X I.“ II I-E | I II!
Interpolation type Description Interpolation result
Bezier splines Interpolation: 24: : :
Bezier splines, -
non-cyclic -
Input parameter £
"MC_Caminterpolate": £
-
Mode = 2CamMode = 2Sta | ;] LI
rtPoint = 0.0EndPoint = 1.5 | P i 5
Result: i
The basic cam remains t
unchanged. The cam is t"_ i
extended within the oo i |- I
extended definition range | . : P
according to the o
interpolation mode : o Y
o T HE N
] S RSSO SR S S 4
T N Y [T PP I P T T
b CZ 23 14 CT e A7 a3 = 1z 4 L%
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3.5 "Cam disk" technology object

Interpolation type Description

Interpolation result

Interpolation:
Bezier splines,
cyclic absolute

Input parameter
"MC_Caminterpolate™:

Mode = 2CamMode = 1Sta
rtPoint = 0.0EndPoint = 1.5

Result:

The basic cam remains
unchanged. The cam is
extended within the
extended definition range
according to the
interpolation mode; the
interpolated cam operates
at constant position and
velocity

I-II= . . . .
T U U SO PO S .. P PSP
a2 o :
IEE
iE
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Interpolation:
Bezier splines,
cyclic relative

Input parameter
"MC_Caminterpolate™:

Mode = 2CamMode = 0Sta
rtPoint = 0.0EndPoint = 1.5

Result:

The basic cam remains
unchanged. The cam is
extended within the
definition range according
to the interpolation mode;
the interpolated cam
operates at constant
velocity

Conditions:

e Any different values defined at the "MC_Camlnterpolate" technology function for
StartPoint and EndPoint determine the range of the master values. Any interpolation
points or segments set outside the defined range will be truncated. The limits of the
interpolation cams are not maintained if the value 0.0 is set at StartPoinf and EndPoint.

® |n order to to interpolate the cam disk if CamMode = 0 or CamMode = 7, you should
always set values at StartPoint or EndPointthat cover a range greater than the range of
the interpolated cam. Interpolation according to default parameters is not possible if this
condition is not met. The technology function "MC_Camlinterpolate" outputs the warning
0027 . STT Config outputs an alarm if the cam was interpolated in CamEdit.
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S7-Technology

3.5 "Cam disk" technology object

Example:

The "MC_CamSectorAdd" technology function is used to define a polynomial in the definition
range from 0to 0.9. In order to be able to interpolate the cam disk in the edge area
according to given interpolation rules, you should at least define the range Oto 7.0at
"MC_Caminterpolate."

® "Linear interpolation" (Mode = 0) does not make any sense if the cam disk is to be

interpolated in "cyclic relative" (CamMode = 0) or "cyclic absolute" (CamMode = 7) mode.
Instead, select "cubic splines" (Mode = 7) or "Bezier splines" (Mode = 2.)

If you define several segments by polynomials at technology function
"MC_CamSectorAdd" you should always make sure that the start point of a polynomial
matches the end point of the partner polynomial, or that a sufficient definition gap exists
between the various polynomials Interpolation will fail otherwise The cam disk may show
any step response after its interpolation Any input of partially overlapping segments
prevents compliance with interpolation rules and warning 0027 will be output at the
"MC_Caminterpolate" technology function. The cam disk may produce a step at this
position

If the cam disk is to be interpolated in "non-cyclic" mode (CamMode = 2) the definition
range of the "MC_CamSectorAdd" (X-min to X-max) should correspond with the definition
range of the "MC_Caminterpolate" technology function (StartPointto EndPoint.)

Rule for cyclic relative interpolation:
The velocity remains constant at the cam transition
V(X-min) = V(X-max)

Rule for cyclic absolute interpolation:

The velocity and position remain constant the cam transition
V(X-min) = V(X-max),

Y (X-min) = Y(X-max)
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3.6 "Outout cam" technology object

3.6 "Output cam" technology object

Use the "Output cam" technology object to generate control signals based on the axis
position. You can evaluate the control signals in the user program, or set these at digital
outputs. 1/0 supported:

Digital outputs of integrated technology
Digital outputs of a standard slave on DP(DRIVE)
Digital outputs of SINAMICS Terminal Modules TM15 or TM17

The Technology CPU distinguishes between the output cams listed below:

e Position-based cam (Page 83)

Position-based cams are activated between the starting position and the end position.
The position-based cam is deactivated outside this range.

® Switching output cam (Page 85)

Switching cams are set when the starting position is reached, and must be reset by the
user program.

® Time-based cam (Page 86)

Time-based cams are set for a defined period when the starting position is reached.

Interconnections

The "Output cam" technology object can be interconnected with the technology objects listed

below:

® Positioning axes

® Synchronization axes

® External encoders

External encoder

Axis

e

Cam

82

Measuring
sensor

\

Cam

Measuring
sensor
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Reference to the actual or setpoint position

The switching positions of output cams can be referenced to the setpoint or actual value
(setpoint output cam, actual value output cam.)

In order to enhance switching accuracy, you can compute the output cams within the
position controller cycle, or use the integrated outputs of the Technology CPU for high-speed
output cam operation.

Technology functions
Technology functions supported by the technology object:

MC_Reset MC_CamSwitch MC_CamSwitchTime
MC_ReadSysParameter MC_WriteParameter
3.6.1 Position-based cam

Cam activation range

The cam activation range of position-based cams is defined by the distance between the
starting and end positions in positive count direction.

Starting position smaller than the end position:

ON range

|

ON position OFF position

Starting position greater than the end position:

ON range ON range
[ e
OFF position ON position

The cam output is inverted when the starting position is greater that the end position

S7-Technology
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3.6 "Outout cam" technology object

Switching characteristics

The switching characteristic of position-based cams is determined by the starting and end
positions.

At the "Output cam™ technology object an "effective direction" can be defined additionally at
the technology object.

Switching action based
on

Active position-based cam

Inactive position-based cam

Starting position, end
position

e If the output cam was enabled with
"MC_CamSwitch", or the cam track with
"MC_CamTrack"

e If the position is within the cam
activation range

o if the position value is shifted into the
output cam activation range

e |f the axis position is outside the starting or
end area

¢ when the position value is shifted out of the
cam activation range *

Effective direction
(not active at the cam
track)

e when the position lies within the cam
activation range and the effective
direction = motion direction

e If the axis position is outside the starting or
end area

e f the motion direction does not match the
configured effective direction

e when the position value is shifted out of the
cam activation range *

Hysteresis

when the cam moves out of the hysteresis
range

when the cam moves out of the hysteresis range

* The position value of the interconnected object may change abruptly, for example, as a
result of its referencing, or due to the shift of its coordinate system.

Inverted output

The inverted output function interchanges the cam activation range and the cam deactivation
range.
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3.6 "Outout cam" technology object

3.6.2 Switching output cam

Switching characteristics

The switching action of switching output cams is determined by the starting position and by
the direction of movement.

Action: Condition:
Switching output cam e The output cam is enabled by calling the "MC_CamSwitch"
activation technology function (positive edge at input parameter Execute)

e The direction of motion corresponds with the effective direction
(input parameter Direction)

e The starting position (input parameter OnPosition) is passed

Switching output cam The output cam is deactivated by calling the "MC_CamSwitch"
deactivation technology function (input parameter Mode = 1)
Note

The switching output cam is not activated if the cam starting position is not passed, for
example, as a result of actual value settings.

Inverted switching action
The output cam is activated if it is disabled by the "MC_CamSwitch" technology function.

Note

The output cam is deactivated at the cam starting position if the motion direction = effective
direction or if the output cam was activated by the "MC_CamSwitch" technology function.
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3.6 "Outout cam" technology object

3.6.3 Time-based cam

Switching characteristics

ON period

ON position

The switching action of time-based cams is determined by the starting position and the cam
activation time.

At the "Output cam" technology object an effective direction can be defined additionally at

the technology object.
Switching action based Time-based cam is activated Time-based cam is deactivated
on
Starting position At the starting position -
Cam activation time - on expiration of the programmed time
Effective direction At the starting position, if the motion on expiration of the programmed time
(not active at the cam direction = effective direction
track)
Note

Time-based cams can not be retriggered.

Inverted output

The time-based cam is activated for inverted output, and is deactivated at the cam
deactivation position for the duration of a specified time.
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3.6.4 Effective direction and behavior

Reaction

The diagram below shows the ON and OFF switching action of output cams, without
hysteresis, derivative time, and without cam deactivation time.

Position- 1 |------rmmmemmeem e : R

based

cam o .
OM position OFF position Position x
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based _
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‘ ——ipe

QM pasition Position x

The switching action depends only on the position (position setpoint or actual position).
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Effective direction

You can define a default effective direction when you activate output cams. The output cam
is only activated if the motion corresponds with the set effective direction.
There are two options:

Effective direction Behavior

Positive The output cam is activated only in positive direction of movement.
Positive and negative | The output cam is activated independent of the direction of movement.
Negative The output cam is activated only in negative direction of movement.
Current rotational With this setting, the output cam is only activated in the currently set
direction rotational direction. Standstill is a positive direction of rotation.

The diagram below shows the effects of the effective direction (= Positiv).
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3.6 "Outout cam" technology object

3.6.5 Hysteresis

Mechanical backlash may cause fluctuation of the actual position value which may lead to
unwanted transitions of the output cam's switching state. This effect can be prevented by
setting a hysteresis.

Hysteresis conditions
® The hysteresis is always active when the axis reverses its direction.
® The direction of motion is not redefined within the hysteresis.
e Within the hysteresis, the switching state of position-based cams is not changed.

® This current switching state will be set if modified output cam switching conditions are
detected after the cam has moved out of the hysteresis window.

The diagram below shows the results of the effective direction (= positive)
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The height of the green hatched area corresponds with the hysteresis.
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Hysteresis range

The high limit of the hysteresis is set to a quarter of a modulo axis range and a quarter of a
non-modulo axis range. The working range is defined by the software limit switches. The
working range cannot be limited if a SW limit switch does not exist. You receive an error
message if this maximum setting is exceeded.

e Hysteresis of position-based cams

The hysteresis is enabled immediately after a reversal is detected. Position-based cams
are switched off when they move out of the hysteresis window.

e Hysteresis of time-based cams

The deactivation response of a time-based cam is determined by the cam activation time
and not by the hysteresis.

The function is set at the Hysferesis input parameter of the "MC_CamSwitch" or
"MC_CamSwitchTime" technology functions.

3.6.6 Time-based offset of cam switching points

You can define a time-based offset, meaning a derivative action time, in order to
compensate for mechanical reaction times, the rise times at digital outputs, the reaction time
of connected switchgear, and communication times on DP(DRIVE). The time-based offset
represents the cumulative delay times.

The time-based offset can be defined by setting positive and negative values. A negative
cam activation time must be entered if the output cam is to be switched before it has reached
its programmed start position.

The derivative action time is set at input parameter De/ay of the "MC_CamSwitch" or.
"MC_CamSwitchTime" technology functions. To maximize switching accuracy:

1. Determine the system delay time, based on several measurements at constant speed.
2. Define the derived mean value as time-based offset at input parameter De/ay.

If suitable compensation times are used, the result is a switching accuracy of +/- 70 ps for
high-speed output cams interconnected with the integrated outputs of the Technology CPU.
The absolute switching accuracy (distance or angle) is derived from the set switching
accuracy and current velocity.

|
1
|
|
1
1
|
r—-—-—
[l

Output cam activation at input parameter Delay = 0(no time-based offset)
------ Output cam activation at input parameter Delay < 0
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S7-Technology

3.6 "Outout cam" technology object

Note
Note:

The integrated technology calculates the dynamic switching position as a function of the
axis velocity and defined time-based offset. The reference velocity is derived from the
axis velocity at the time of activation of the output cam. Subsequent velocity changes are
ignored in the calculation of output cam switching points.

The offset of the calculated switching position may exceed the length of modulo axes.

Long derivative action times exceeding one modulo cycle may lead to heavy fluctuation of
the switching position of actual value output cams (actual value profile.) Use setpoint
output cams if required.

The dynamic derivative action of modulo axes can be greater than one modulo length.
The system, however, does not collect switching operations. One switching operation is
active in the system at any given point in time. A switching operation is completed when
the output cam is switched off.

Example of an electronic cam control

Lines of glue are applied to a wooden board. The output cams are assigned to an external
encoder. The output cams assigned to defined outputs are switched on and off at defined
positions.

Cam
functianality

é? Encoder registers the axis position
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3.7 "Cam track" technology object

Use the "Cam track" technology object if you want to use several output cams of the same
type on one axis or an external encoder. Up to 32 individual output cams can be used in a
cam track. The switching signals of the individual output cams can be evaluated in the
user program. The switching states of all the individual output cams can be switched as a
total result to digital outputs. The following IO devices can be used:

o Digital outputs of integrated technology
o Digital outputs of a standard slave on DP(DRIVE)
o Digital outputs of SINAMICS Terminal Modules TM15 or TM17

The following output cam types can be selected for a cam track:
e Position-based cam (Page 95)

Position-based cams are activated between the starting position and the end position.
The position-based cam is deactivated outside this range.

® Time-based cam (Page 97)
Time-based cams are set for a defined period when the starting position is reached.
® Time-based output cam with maximum ON length

In the case of time-based output cams with maximum ON length, the ON period of the
output cam is limited by the maximum ON length in addition to the duration. The output
cam is switched off when the ON period or the maximum ON length is exceeded.

The selected cam type applies to all the output cams of a cam track. Position-based cams
and time-based cams have the same switching behavior in the cam track as that of the
"Output cam" technology object.

Interconnections

The "Cam track" technology object can be interconnected with the technology objects listed
below:

® Positioning axes
® Synchronization axes

e External encoders
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Reference to the actual or setpoint position

The switching positions of output cams can be referenced to the setpoint or actual value
(setpoint output cam, actual value output cam.)

In order to enhance switching accuracy, you can compute the output cams within the
position controller cycle, or use the integrated outputs of the Technology CPU for high-speed
output cam operation.

Table 3-1 Comparison of the "Output cam" and "Cam track" technology objects

Feature Output cam Cam track
Supported cam types
Position-based cam X X
Time-based cam X X
Time-based output cam with maximum ON length - X
Uni-directional output cam X -
Interconnection of cam outputs
Several output cams of the same cam type to one digital output Via AND / OR in X
S7T Config
Several output cams of different cam types to one digital output Via AND / OR in -
S7T Config
Output cam properties
Hysteresis X X
Effective direction X -
Type of activation / deactivation Immediately Adjustable
Derivative times (one time for switching ON / OFF) X X
Use Cyclic Cyclic or non-
cyclic
Status of the output cam or of the individual output cam mapped in the X X
technology DB
Enable output cam by using the technology function MC_CamSwitch MC_CamTrack
MC_CamSwitchTime
Performance comparison
Performance Performance From 5 individual
depending on the output cams
number of output cams. higher
performance
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Reference quantities of the cam track

94

A
A Track length
T i
oCt I 0C2! oc3
Cam track ! T L >
tart (0
et © Starting End Output cam Cam track
position  positon  (camType) End
output suppressed
(= invalid)
I - —>
0 Axis reference position Axis position

The cam track used as an example is defined with three individual output cams (N7 ... N3).

The starting and end positions of the individual output cams are specified in the pre-
assignment in S7T Config. The positions of the individual refer to the respective cam track
beginning.

In the example the output cam AZ2is parameterized as invalid. The output cam AZis not
taken into account as either a hardware output cam or as a software output cam. The validity
of an output cam can be parameterized in S7T Config in the pre-assignment.

The track length determines the part of the cam track to be used. The cam track is applied
and used at the axis reference position. The track length to be used is determined when
calling up the "MC_CamTrack" technology function.

Cam track (camTrackType)
Axis A Track length = 2000 mm R
A )
J oct » Track
0 800'to 900 2000 position in
;o mm
ocy R
/7 000 -200to-100 +1000 Axis position

Axis reference position in mm

The cam track is always created in the positive direction on the axis reference position in
accordance with your track length.
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Technology functions
Technology functions supported by the technology object:

MC_Reset MC_CamTrack MC_ReadCamTrackData
MC_WriteCamTrackData MC_ReadSysParameter MC_WriteParameter
3.71 Position-based cam

Cam activation range

The cam activation range of position-based cams is defined by the distance between the
starting and end positions in positive count direction.

Starting position smaller than the end position:

ON range

|

ON position OFF position

Starting position greater than the end position:

ON range ON range
e e
OFF position ON position

The cam output is inverted when the starting position is greater that the end position
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Switching characteristics

The switching characteristic of position-based cams is determined by the starting and end
positions.

At the "Output cam™ technology object an "effective direction" can be defined additionally at
the technology object.

Switching action based
on

Active position-based cam

Inactive position-based cam

Starting position, end
position

e If the output cam was enabled with
"MC_CamSwitch", or the cam track with
"MC_CamTrack"

e If the position is within the cam
activation range

o if the position value is shifted into the
output cam activation range

e |f the axis position is outside the starting or
end area

¢ when the position value is shifted out of the
cam activation range *

Effective direction
(not active at the cam
track)

e when the position lies within the cam
activation range and the effective
direction = motion direction

e If the axis position is outside the starting or
end area

e f the motion direction does not match the
configured effective direction

e when the position value is shifted out of the
cam activation range *

Hysteresis

when the cam moves out of the hysteresis
range

when the cam moves out of the hysteresis range

* The position value of the interconnected object may change abruptly, for example, as a
result of its referencing, or due to the shift of its coordinate system.

Inverted output

The inverted output function interchanges the cam activation range and the cam deactivation
range.
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3.7 "Cam track"” technology object

3.7.2 Time-based cam

Switching characteristics

ON period

ON position

The switching action of time-based cams is determined by the starting position and the cam
activation time.

At the "Output cam" technology object an effective direction can be defined additionally at
the technology object.

Switching action based Time-based cam is activated Time-based cam is deactivated

on

Starting position

At the starting position -

Cam activation time

- on expiration of the programmed time

Effective direction

(not active at the cam direction = effective direction

track)

At the starting position, if the motion on expiration of the programmed time

Inverted output

Note
Time-based cams can not be retriggered.

The time-based cam is activated for inverted output, and is deactivated at the cam
deactivation position for the duration of a specified time.

3.7.3 Time-based output cam with maximum ON length

Switching characteristics

S7-Technology

In the case of time-based cams with a maximum ON length, a maximum ON length is taken
into consideration in addition to the time-based cam function.
The maximum ON length is defined in S7T Config in the pre-assignment of the cam track.

A time-based cam with a maximum ON length switches off when the configured time has
expired, or the maximum ON length has been exceeded (depending on which event occurs
first).

The maximum ON length is effective in both traversing directions of the axis, and the cam
track's switch-on position is the reference position.
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3.7.4

non-cyclic
creation

cyclic
creation

Cyclic and non-cyclic creation of the cam track

You can create a cam track in cyclic or non-cyclic mode on the axis reference position. To do
so0, use the input parameter CyclicMode of the technology "MC_CamTrack".

The following example shows the different effect during cyclic and non-cyclic creation of the
cam track on the axis reference position. A modulo axis (0-360°) with a cam track (cam track
length 120°) is used in the example. The cam track is created at the axis reference position
0°.

Modulo axis 0-360°

< Cam track is mapped onto modulo length
Track 0-120° of axis three times

+—>

A4

Moo nafnunnnn

axis reference position 0°

Non-cyclic creation of the cam track at the axis reference position.

98

The cam track is created once at the axis reference position. With modulo axes, the cam
track is created in the modulo cycle, by activating it with the technology
function"MC_CamTrack".

The cam track becomes active if the axis reference position is crossed in a positive direction.

The selection in the drop-down list box "Activate non-cyclic activated cam track outside the
track range" in the cam track configuration of S7T Config defines the deactivation of the cam
track.

e Selection "Yes" (default setting)

The cam track remains active even after the cam track is left (cam track length). When
the cam track is entered again, the cams switch again. Use Mode = 7 the technology
function "MC_CamTrack", to deactivate the cam track.

e Selection "No"
The cam track is deactivated when the cam track length is left.
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Cyclic creation of the cam track at the axis reference position

S7-Technology

The cam track is repeatedly created at the axis reference position according to its track
length. The cam track is active in all axis ranges. Use Mode = 7 the technology function
"MC_CamTrack", to deactivate the cam track.

Note

An unfavorable selection of the cam track length and the modulo length can lead to

undesired acyclic overrides. Avoid the following constellations:

e Cam track projects beyond the modulo length, or cam track length > modulo length
(with cyclic and non-cyclic creation of the cam track)

e Modulo length and cam track length are not in an integer relation to each other
(with cyclic creation of the cam track)

Tip
With cyclic creation of the cam track, select a cam track length that is twice as large as the
modulo length if you want to switch the cams only in every second modulo cycle.
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3.8

"Measuring input” technology object

Use the "Measuring input" technology object for precise and fast logging of actual position
values.

A measuring input can be assigned in S7T Config to an axis or to an individual external
encoder. The sensor is connected to a digital input of the drive component, or to a
TM15/TM17 High Feature module.

The measurement of actual position values is initiated by calling the Motion Control
command "MC_Measuringlnput" in the user program of the CPU. The operating range of the
measuring input can be limited accordingly by setting a start and end value.

The actual position value is recorded and saved at the positive or negative edge of the
measuring input signal. The measuring function can be triggered at both edges, provided the
component used supports this mode.

Technology functions
Technology functions supported by the technology object:

MC_Reset

MC_Measuringlnput MC_ReadSysParameter

MC_WriteParameter

3.8.1

100

Interconnection and connection of a measuring input

In S7T Config, the "Measuring input" technology object can only be inserted for the "Axis"
and "External encoder" technology objects.

Each "Measuring input" technology object is only assigned to a single axis or to a single
external encoder

The measuring input must be located either at the corresponding drive component, or at
a TM15/TM17 High Feature module. The measuring inputs are indicated specifically at
the corresponding hardware, or have to be configured there as measuring inputs. The
number of available measuring inputs depends on the hardware used.

Other digital inputs at DP(DRIVE) can not be used as measuring inputs.

The digital measuring input used for the "Measuring input" technology object at the
TM15/TM17 High Feature module is configured in S7T Config

Several "Measuring input" technology objects can be configured for a positioning axis,
synchronization axis or an external encoder.

The "Measuring input" technology objects may not be active simultaneously.
Measuring inputs may not be configured for use with virtual axes.

Measuring inputs can not be configured for operation with speed-controlled axes.
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3.8 "Measuring input” technology object

Activation / deactivation

3.8.2

S7-Technology

Measuring inputs are activated / deactivated by calling the "MC_Measuringlnput" technology
function.

Measuring range

The measuring command may apply to the entire range, or be limited to a start and end
position (active range).

The measurement can be restricted to a defined range. The measurement is only triggered
when the position lies within the measuring range.

Measuring range |
| !
| |
| |

Measuring activated

0

| |
| |
| |
| |
1 1
|

Measuring T o ; o o : -

sensor | |

(Measurement | /| !

at positive | !

edge) | I
‘ 1
| ]
| |
| |
| |
| |
| |
| |

The measuring command is canceled and an error is indicated at the technology function
and at the technology DB if a trigger signal is not recognized within the measuring range.

The order by which the start and end values are specified is irrelevant to non-modulo axes. If
the initial value is greater than the end value, the values are interchanged.

If the start value is greater than the end value at a modulo axis, the valid range is extended
from the start value beyond the modulo transition of the axis to the end value.

o° & walid range oe
Start 27 0F ane End End a70e e Start
value value value value
1a0° 1ac?
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3.9 "External encoder" technology object

3.9 "External encoder" technology object
Extemal Use the "External encoder" technology object to return the position or angle of a
encoder mechanical component as a master setpoint to the Technology CPU.

=

The "External encoder" technology object returns the actual position and velocity values of a
distance measuring system. The technology object does not control the effective drive
component.

Technology functions
Technology functions supported by the technology object:

MC_Reset MC_ExternalEncoder MC_ReadSysParameter
MC_WriteParameter

3.91 Interconnection and connection of an external encoder

Interconnection

The "External encoder" technology object can be interconnected with the following
technology objects:

® "Synchronization axis" technology object as leading axis
e "Output cam" technology object as actual position value

e "Measuring input" technology object as actual position value

Wiring
Encoders supported by the "External encoders" technology object:

® Analog absolute encoder (sensor analog) wired to an analog input module of ET 200M or
ET 200S

® Incremental encoder (rectangular TTL) wired to analog drive interface IM 174/ADI4
® Absolute encoder (SSI) wired to analog drive interface IM 174/ADI4
® Incremental or absolute encoders wired to the encoder input of a DP drive

® Absolute encoder SIMODRIVE Sensor Isochron (message frame 81)
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Examples

3.9.2

3.9 "External encoder" technology object

You can use the second encoder interface of a double-axis module can be used to wire
an external encoder to SIMODRIVE 611U

A second encoder can be wired to MASTERDRIVES MC using an encoder module
Isochronous PROFIBUS encoders can be operated directly on DP(DRIVE)

SINAMICS S120 supports the connection of a second encoder via SMC 30, SME 20,
SME 25

Synchronization of the external encoder

The Technology CPU supports various homing modes. The reference position of the
external encoder can be set at the input parameter Mode of the "MC_ExternalEncoder"
technology function.

Homing with incremental encoders

S7-Technology

e Direct homing (Mode = 2and4)

Setting the reference point. The value of the reference point coordinate is assigned to the
current encoder position

Passive homing / On-the-fly homing (Mode = 3and %)

The value of the reference point coordinate is assigned to the current encoder position as
the encoder is moving:

— after the encoder zero mark is reached (default setting)
— on reaching the external zero mark (set in the expert list)

— When the next encoder zero marker after the reference cam is reached (set in the
expert list)

The distance between the reference cam and the encoder zero mark can be monitored
using the encoder zero mark monitoring function.

Synchronization with incremental encoders can be set in the expert list.
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3.9 "External encoder" technology object
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4.1 Fundamental procedure for configuration

Steps to perform in order to implement motion control commands:

Step

Action

Tool

1.

Creating a project

STEP 7 - SIMATIC Manager

2.

Configure the Technology CPU (Page 106)

Configure the drives (Page 110)

Station > Save and compile menu command

HW Config

Configuring axes (Page 126)

Configure Technology Objects

Project > Save and compile all menu command

S7T Config

Creating and managing technology DBs (Page 119)

Technology Objects Management

Programming function blocks

LAD/FBD/STL

PLC > Download user program to Memory Card menu
command (including system data)

STEP 7 - SIMATIC Manager

S7-Technology
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4.2 Configuring the technology CPU and drives in HW Config

4.2 Configuring the technology CPU and drives in HW Config

421 Configuring the Technology CPU in HW Config
To configure the Technology CPU:

Step Description

1. Create a new project SIMATIC Manager and add a SIMATIC 300 station.

2. Open HW Config by selecting the "SIMATIC 300" station and double-clicking "Hardware".

3. In the "Hardware catalog" view, select the "SIMATIC Technology CPU" hardware profile from the "Profile" drop-
down list.

Eind | ‘"‘ﬂ ﬂil
[

Prifile; SIMATIC Technology-CPU

Standard
EH:I LR Current Modules Wersion 07,2004
=-{EH [ SIMATIC Outdoor Version 01,2004

o 820

-39 oo OFIBUS DR(DRIVE)

4. Copy a mounting rail from the "Hardware catalog" view to the station window of HW Config.
5. Drag-and-drop a power supply module to the mounting rail (for example: "PS 307 5A".)
6. Drag-and-drop the relevant Technology CPU from the HW catalog to the selected row containing the rail. This

opens the message box shown below.

Minimize transfer times by increasing the transmission rate at the MPI/DP interface.
For further information, refer to the message box help.

7. Close the message box
Set the PROFIBUS properties of DP(DRIVE) in the next dialog box.
8. Click "New" to create a new "Subnet" (DP master system). Make sure that the Technology CPU is the only

master station on DP(DRIVE).
Set address 0at the DP(DRIVE) in order to enhance operating performance.
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4.2 Configuring the technology CPU and drives in HW Config

Step

Description

Select the "Network settings" tab from the properties dialog box of the PROFIBUS network

Properties - Mew subnet PROFIBUS

General ©_MHetwark Settings [

Highest FROFIBLS
Address;

Tranzsmizzion Fate;

Prafile:

126 &

]|

Options. .. |

[" Change

tandard
IJzer-Defined

Buz Parameters... |

Cancel

Help |

Select a transmission rate of 12 Mbps. Do not change the "DP" profile of the PROFIBUS network.

To enhance performance of the DP(DRIVE) system:
e Set the Ovalue at "Highest PROFIBUS address".
e Deactivate the "Enable cyclic broadcast of bus parameters" option. Click "Bus parameters," and then reset

the check box.
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4.2 Configuring the technology CPU and drives in HW Config

Step Description

10. Click "Options". Set the "Activate constant bus cycle time" check box in the next dialog box.
Options |

Conztant Buz Cycle Time | Mebwark Stationz I Cables I O ptimization I

@-‘«ctivate constant bus cycle time

Optimize DF cycle [and Ti. To if necessan]; Recalculate |

—Murmber af PG/ 0Pz/TD= ete. on PROFIELS

Configured: I_EI Total: I_EI

Time base:

Constant DF Cycle: I 0007 e Dretails ... |
[ min = 0.767 mz; max = 1330000

As the value for the constant DP bus cycle time, enter the time required for isochronous operation of the drive
components on DP(DRIVE). Observe the device-specific properties and the quantity framework of the
components supported for operation on DP(DRIVE).

Retain the defaults of all other options offered in this dialog box.
Note:

You can also make the settings using the properties dialog boxes of the drives. The equidistant DP cycle and
the cycle time are then automatically activated or aligned.

11. Close all dialog boxes of HW Config by clicking "OK".
12. Increase the transmission rate at the MPI/DP interface (see step 6). Save and compile the hardware
configuration data and download these to the target system.
13. In HW Config, double-click the technology (slot 3), and then select the "Technology System Data" tab. Set the
"Generate Technoloav Svstem Data" check box. Confirm vour settinas with
Properties - Technology - [R0/53]

General Technology system data I Technology version I

¥ Generate technology system data

“OK".
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4.2 Configuring the technology CPU and drives in HW Config

Step

Description

14.

Save and compile the hardware configuration data and download these to the target system. Adapt the PG/ PC
interface.

Download the hardware configuration and firmware data of the integrated technology to the target system.

Result: After you compiled the data, the project dialog box in SIMATIC Manager shows the "Technology" folder
that contains the "Technology Objects".

H SIMATIC Manager - [J17T -- C:\Program Files\Siemenz\Stepfis7projh317t]

% File Edit Inzert PLC ‘iew Optionz ‘Window Help

D[] 825 e e sl [= 2] 2a

=8 317
=-EJ SIMATIC 300(1)
=@ cPUS7T-20P
={z7] 57-Program(1]

[ <M Fiter >

il
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4.2 Configuring the technology CPU and drives in HW Config

422 Configuring drives in HW Config

Basic procedure

The next steps below describe the basic procedure of configuring the drives based on the
example of a SIMODRIVE 611 universal.

For detailed information on the HW configuration of drives, refer to the product information
and to the relevant drive documentation.

Step Description

1. Open the HW catalog, and then open the folder
"SIMATIC Technology > PROFIBUS DP(DRIVE) > Drives > SIMODRIVE".

J{HW Config - [SIMATIC 300(1) (Configuration) -- SINAMICS 5120]

Em Station Edit Insert PLC Wiew Options ‘Window Help

D|=[5-2 % S sin|ala| [ ] 28| w2

= [0]UR find |

1 PS5 307 104 .

5 CPU 31712 DF Profie: | SIMATIC Technology-CPU

it MDA =1 SIMATIC Techrology

3 Technology -l SIMATIC 200

X3 DADAIE) -2 PROFIBUS DP

X7 £4 =1+ PROFIBUS DP(DRIVE]

4 B2 Diives

5 -0 MASTERDRIVES CBP2

B - MICROMASTER 4

7 -3 SIMODAME

] -2 SINAMICS

g F-23 ET 200

10 -2 ET 2005

11 H-[20 Additional Field Devices
d _'IJ
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4.2 Configuring the technology CPU and drives in HW Config

Step Description

2. Select the required drive component (example: "SIMODRIVE 611 universal"). Drag-and-drop this component to
the DP master system.

E{;HW Config - [SIMATIC 300[1] [Configuration] -- Muster_L51]
Oy Station Edit Inset PLC ‘“iew Options ‘“wfindow Help == x|
D|2[5-[% %] 8| B=le| | [me] 28] x|
= (0] UR Find: | ﬁﬂ dti.|=
i a
2 CPU 217T-2 [ Prafile: ISIM.-’-‘-.TIE Technology-CPU j
);? J?FMDF o ED Cinives ﬂ
e D""“;’H’;’Vfﬂ’ - -] MASTERDRIVES CBP2
g Ej / B MICROMASTER 4
. e =0 SIMODRIVE
= = -\""\-ﬁ SIMODRIVE 611 univer
gz (1] 51M0D E SIMODRIVE B11 univer:
- g SIMODRIVE POSMO Ce
% L e SIMONRNE POSKN CT
AREN | B
BSM1118-MO0-0dut [B111] {<|
Drive ES interface -
1] |
Press F1 to get Help. | | s

The "Properties - PROFIBUS interface SIMODRIVE 611 U DP2, DP3" dialog box opens.
3. Set the relevant PROFIBUS address 4, for example. Confirm your entry with "OK".

The "Properties - Drive" dialog box opens.
Close the dialog box with "OK".

4. Select the "Configuration" tab on the "DP Slave Properties" dialog box and select the required message frame.
DP Slave Properties |
General Configuration | Clock Synchronization I |nternode communication - overview I
Drefault
Slot In local zlave PROFIBUS pattner
Type Addrezss Type DP .. |lMD-a... |Pro.. | Le... Unit |Congiste... |«
4 nio PEAY
5 Actual value PCD1 Imgort 2 256 --- |10 |Wwiord |Ertire len...
5] Zetpoint PCD 1 Ot 2 256 |--- |6 [Word |Ertire len...
7

For details on selecting message frames and supported functions, refer to "Message frame types and their
functions (Page 113)".

Select for example the message frame 102 for the operation of one axis on SIMODRIVE611 universal as
positioning or synchronization axis without DSC with torque reduction).
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4.2 Configuring the technology CPU and drives in HW Config

Step Description
5. Select the "Synchronous operation" tab and set the "Synchronize drive with equidistant DP cycle" check box.
DP Slave Properties |
General I Configuration  Clock Spnchronization | Internode communication - overyview I
@Synchrunize drive with equidistant DP cocle
M etwork, Settings [ms]
|Equidistant bug cycle activated
Equidiztant DF cucle: |3-':":":I Data_Exchange_Time Tdx: IEI.24?
Factor Time frametimebase [mz]
bl azter application = | I
cucle [ma]; |3'|:||:||:I = I-I T [ =000
Factor Time frametimebase [mz]
DP cycle [ms]: |3.nun = |24 = x |n.125
Factor Time framedtimebase [mz]
Time Ti [mz] =l I_
[Actual value acquizition]: ID'1 25 = I-I =T b L
Time Ta [re] Fachor Time frametimebasze [ms]
[Setpoint transfer]: ID-E?5 = I3 ::|I M ID--I 25
Alignment |
Cancel | Help
As a result of the settings made in the PROFIBUS network configuration, the DP cycle time is activated and
displayed on this dialog box The DP cycle coefficient is adapted accordingly.
If you do not configure the cycle time in the network properties the coefficients must be adapted in this dialog
box in order to obtain the relevant cycle time (example: 16 for a DP cycle of 2.00 ms).
The DP cycle of the DP(DRIVE) interface is always an integer multiple of 0.5 ms and is mainly determined by
the number and type of components to be operated on the network.
Also observe the drive-specific help available in this dialog box when you define the DP cycle.
6. For this example, set the "To" time coefficient to obtain a time of 0.5 ms. Do not change the default value of the
"Ti" coefficient.
7. Click "Alignment".
This triggers the following settings:-
e The constant bus cycle is activated
e The DP cycle of the master system will be adapted to the drive properties
e All drive components of the same family receive the same parameter configuration
8. Close the dialog box with "OK".
9. Save and compile the hardware configuration data and download these to the target system.
If you have set the "Generate technology system data" check box in the technology properties, the system will
generate the system data for the HW configuration and for the technology firmware.
S7-Technology
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Note

Drive components of different families must be calibrated manually. To do so, note down the
set values and then transfer these to the corresponding dialog boxes.

423 Message frame types and their functions

The message frame used to communicate with the drive must be defined in HW Config. The
message frame to be selected is determined by the axis function required, for example,
torque limiting or DSC, or by the functionality of the drive used.

Note

When changing the message frame type of a drive component in HW Config, you also need
to adapt the selection of the message frame in the interface configuration of the
corresponding technology object in S7T Config.

Communication with digital drives via PROFIBUS DP is handled in accordance with
PROFIdrive Version 3 specifications.

Technologies and message frame types supported

Table 4-1 Message frame types and functionality:

Message frame | Short description / functionality

type

1 n-setpoint interface 16 bits

2 n-setpoint interface 32 bits, without encoder

3 n-setpoint interface 32 bits, with encoder 1

4 n-setpoint interface 32 bits, with encoder 1 and encoder 2

5 n-setpoint interface 32 bits, with DSC and encoder 1

6 n-setpoint interface 32 bits, with DSC, encoder 1 and encoder 2
101 n-setpoint interface with torque reduction

102 n-setpoint interface with encoder 1 and torque reduction

103 n-setpoint interface with encoder 1, encoder 2 and torque reduction
105 n-setpoint interface with DSC, encoder 1 and torque reduction

106 n-setpoint interface with DSC, encoder 1, encoder 2 and torque reduction
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Table 4-2 Drives and message frame types:

Drive component Technology Objects Interface Programmable
standard
message frame
types

SIMODRIVE

SIMODRIVE 611U universal | Speed-controlled axis, Digital 1...6,101, 102,

positioning axis, synchronization 103, 105, 106 **
axis, external encoder,
measuring input, output cam
SIMODRIVE 611U universal Speed-controlled axis, Digital 1...6,101, 102,
HR positioning axis, synchronization 103, 105, 106 **
axis, external encoder,
measuring input, output cam
SIMODRIVE POSMO CA/CD | Speed-controlled axis, Digital 1...6,101, 102,
positioning axis, synchronization 103, 105, 106
axis, external encoder,
measuring input, output cam
SIMODRIVE POSMO Sl Speed-controlled axis, Digital 1,2,3,5,101,
positioning axis, synchronization 102, 105
axis, measuring input, output
cam

SIMODRIVE sensor External encoder Digital 81

isochronous

MICROMASTER 4

COMBIMASTER 411 Speed-controlled axis Digital * 1

MICROMASTER 420 Speed-controlled axis Digital * 1

MICROMASTER 430 Speed-controlled axis Digital * 1

MICROMASTER 440 Speed-controlled axis Digital * 1

MASTERDRIVES

Motion Control Speed-controlled axis, Digital 1..6

positioning axis, synchronization
axis, external encoder,
measuring input, output cam

Motion Control Plus Speed-controlled axis, Digital 1..6

positioning axis, synchronization
axis, external encoder,
measuring input, output cam

Vector Control CUVC Speed-controlled axis Digital * 1,2

Vector Control Plus Speed-controlled axis Digital * 1,2

SINAMICS

SINAMICS S120 Speed-controlled axis, Digital 1...6,102, 103,

positioning axis, synchronization 105, 106
axis, external encoder,
measuring input, output cam
TM15 terminal module Measuring inputs Digital -
Output cams
TM17 High Feature Terminal | Measuring inputs Digital -

Module

Output cams

S7-Technology
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4.2 Configuring the technology CPU and drives in HW Config

Drive component Technology Objects Interface Programmable
standard
message frame
types

SINUMERIK

ADI4 Speed-controlled axis, Digital 3

positioning axis, synchronization
axis, external encoder,
measuring input, output cam

SIMATIC

Distributed 1/O

PROFIBUS module IM 174 Speed-controlled axis, Digital 3

positioning axis, synchronization
axis, external encoder,
measuring input, output cam
ET 200M, ET 200S Output cams Digital -

* The drive does not support isochronous operation on PROFIBUS.
** For further details refer to the supplementary descriptions of 611U
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4.3 Technology Objects Management

4.3.1 Starting Technology Objects Management

Use S7T Config to configure the technology objects for your motion control task.

The technology DBs form the interface between the user program and the technology
objects. Technology DBs are managed in "Technology Objects Management" (TOM).

"Technology Objects Management" can be used in parallel with SIMATIC Manager.

Prerequisites
e SIMATIC Manager is open

® The Technology CPU was configured in HW Config, and the configuration data were
saved

Starting Technology Objects Management

Step Significance

1. In SIMATIC Manager, select "Technology objects" from the "Technology" folder to run "Technology Objects
Management".

2. K SIMATIC Manager - 317T_B I [=] E3

File Edt Insett PLC “iew Opton: “Window Help

s Technological Objects

=-E SIMATIC 30001)
=@ cPU3IFT-2DP

Select "Technology Objects", and then select the Edit > Open object command in SIMATIC Manager.
You can also start S7T Config without running "Technology Objects Management".

3. Select "Technology objects" from the "Technology” folder in SIMATIC Manager, and then select Options >
Configure technology.

Using the menu command in SIMATIC Manager to start it is useful if you do want not create any new technology
objects, and therefore do not have to create any new technology DBs.
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43.2 User interface of Technology Objects Management

Layout of "Technology Objects Management":

Toolbar

The toolbar contains the essential menu commands.

Work area

Each STEP 7 project is opened in a separate working window on your working area. Each
window shows all existing technology DBs:

® The upper area of the window shows the technology DBs you already created.

® The bottom section of the working area lists the technology objects for which you have
not yet generated any technology data blocks.
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4.3.3 Using Technology Objects Management

"Technology Objects Management" is used to manage the technology DBs of a STEP 7
project.

You can open a separate window for each configured station containing a Technology CPU
on the working area of "Technology Objects Management".

On the active window, you can:

® C(Create, program or delete technology DBs

e Set IPO synchronous mode at the axis (View > Expert mode menu command)
e Define update cycles of the technology DBs (expert mode)

® Configure the start parameters of axis commands (properties "IPO synchronous" in
expert mode)

e Starting S7T Config

Prerequisite

® The configuration of the Technology CPU in S7T Config is completed, saved and
compiled.

Creating or deleting technology DBs
Select one or several technology DBs you want to create or delete:

&M S 7-Programm(1] [T echnologie\T echnologieobjekte] -- 317TASIMATIC 300[(1A\CPU 317T-2 DP

Technolagy DBz in block folder 4 Delete
DB Swymbol Technology | Comment:
& [DEl Trace Trace 57 data for Trace of the MC subsystem

MZDevice

MC de. ..

Status of the MC subsyskem

=

Select row

Master bxis

Followingdxis | BT Fallowi, ..

iF Master...

Technology data blocks not vet created [Default list] 4 Create
| DE Syrnbal Technalagy | Comment
| O CB9 Zam_1 B Cam_1 | Cam

118

Next, click "Create" or "Delete".
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Note

For further information on using "Technology Objects Management”, refer to the
corresponding Online Help system.

Starting S7T Config
Start S7T Config by selecting the Options > Configure technology command.

434 Creating and managing technology DBs

Technology objects (TOs) are accessed by means of technology DBs. You should therefore
generate the technology DBs using the "Technology Objects Management" tool before you
create the user program.

Prerequisite

® You concluded the configuration of the Technology CPU and drives in HW Config by
executing the Station > Save and compile command.

® The configuration of the Technology CPU is successfully completed in S7T Config and
saved.

Example: To rename a technology DB

Step Description

1. In SIMATIC manager, double-click "Technological objects".

Q SIMATIC Manager - 317T_B |_ O] x|

File Edit Inzert PLC ‘View Optionz ‘Window Help

s Technological Objects

=El SIMATIC 30001)
=@ CPU7T-2DP
- Bz 57 Program(1)

------ @ MODRIWE_E11U_DP2_DP3
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Step Description
The "Technology Objects Management" dialog opens. (Example):
::H 57 Program[1] [T echnology\T echnological Objects) -- 317T_04_bASIMATIC 300(1)\CP... =]
Technology DB in block folder 4 Delete
DB Symbol Technology | Comment:
& DE1 Trace Trace 57 data for Trace of the MC subsyskem
o DEZ |
= LY
& DB& Cukpuk_ca. ., [ Cutpu... | Cam
O DEF Measuring... |== Measu,.. Measuring sensar
1] | i3
Technalogy DBz not et created [Defaulks list] 4+ [Eieate
DB Symbol Technology | Comment:
& DB3 Axis_1 ik Axis_1 Positioning axis
& DB+ Axis_2 ik Oxis_2 | Svnchronization axis
a | 1
You selected the DBs you want to create.
2. From the "Technology DBs in block folder" area, select the relevant line to rename its DB.
3. Click "Delete"
4. Edit the block number in the "Technology DBs not created yet" area.
5. Select the line showing the DB you want to create.
6. Click "Create"
Note

Delete any previously downloaded technology DB of this name from the CPU. You can then
download the renamed technology DB with the new DB number to the CPU.
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4.4 Using S7T Config

Note
Technology DBs copied in the block folder of SIMATIC Manager must be verified. The
corresponding DBs are not valid as technology DBs under the following conditions:

¢ If marked in red in the dialog box mentioned above
In this case, select "Technology DBs in block folder," and then click "Delete."

e If not listed in the previously mentioned dialog box
In this case, delete the block from the block folder of the SIMATIC Manager.

4.4 Using S7T Config

441 Starting S7T Config

Prerequisites
e SIMATIC Manager is open

® The Technology CPU was configured in HW Config, and the configuration data were
saved

Starting S7T Config

S7T Config included in your S7-Technology option package provides comfortable features
for programming the technology objects of your motion control task.

Start S7T Config by selecting "Technological objects" from the "Technology" folder in
SIMATIC Manager The object is only visible if the Technology CPU is configured in HW
Config and if all configuration data were compiled. The drives and external encoders will be
renamed at the start of S7T Config if their names contain any white spaces. These white
spaces will be replaced with underscore characters.
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K SIMATIC Manager - 317T_B =]
File Edit Inget PLC “iew Optionz ‘Window Help

= SIMATIC 300(1)
- [@ cPu 17T-2DP
- =z 57 Program(1)

Select "Technology objects", and then select Edit > Open Object in order to run "Technology
Objects Management".

Select the Options > Configure technology in "Technology Objects Management” in order to
open S7T Config and to configure the technology objects. S7T Config starts automatically if
you have not yet created any technology objects.

You can also start S7T Config without running "Technology Objects Management". Select
"Technology objects" from the "Technology* folder in SIMATIC Manager, and then select
Options > Configure technology. Using the menu command in SIMATIC Manager to start it is
useful if you do want not create any new technology objects, and therefore do not have to
create any new technology DBs.
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442 The user interface of S7T Config
S7T Config is used to configure the technology objects for your motion control tasks.

S7T Config opens with this user interface:

Navigator

The Navigator visualizes the project structure of the technology, and the assignment of the
configured technology objects. Identical objects are indicated by the same icons. The system
indicates online mode by highlighting the icons with a corresponding background color, or by
displaying additional icons (connector icons) which characterize the interconnection of the
PG/PC with the PLC. Please refer to the S7T Config online help for a detailed description.
You can open the relevant configuration dialog box by double-clicking an object on the
working area.
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Work area

¥ Speed precontrol

Wwieighting factor |1 0, Q0000

Fire interpolator: ILinear it Wieighting factar af the precontral
[

The technology object configuration dialog boxes, for example, for setting configuration data,
defaults and limits, are displayed on the working area. The tabs indicate the technology
objects for which you have opened the relevant dialog box. You can open dialog boxes for
several technology objects.

All the modifiable parameters in the working area are assigned high and low limits which are
indicated by a tooltip in S7T Config.

Typelfdsiz. NumberDfD atas etz DataS et_2 ControllerStruct. PY_Controller. kpe

min = 0; max = 150]

Detail View

Title bar

Menu bar

124

The details view outputs information about the elements you selected in Navigator. The view
shows different tabs, depending on the object you selected. The number of tabs depends on
the active dialog boxes on the working area, and on the project status (offline or online).

To obtain information about an object in the detail view:

1. Select the relevant object in the Navigator. The detail view shows all tabs available for
this object.

2. Click the tab in the detail view The tab content is shown

The title bar contains the project name and the name of the active configuration dialog box of
the selected technology object.

The menu bar contains the menus currently supported in S7T Config.

S7-Technology
Function Manual, 03/2008, A5E00251798-06



Configuring

Toolbar

Status bar

S7-Technology

4.4 Using S7T Config

The toolbar icons provide quick access to frequently used and currently available menu
commands by means of mouse click. If you position the cursor briefly on an icon, a tooltip for
this function is displayed. The status bar displays additional information.

Grayed-out symbols indicate functions which cannot be executed in the current working
state.

Qpen technology
Save technology

Save technology and compile all
Print selected abjects

Cut selected objects
Copy selected objects

Paste selected objects
l— LIndo

i e e e e |
Redo J

Connect to PLC

Diowenload technology to PLC
Disconnect from PLC

Select RAMRONM for electrical drives
Call TraceTool

The status bar shows context-sensitive information and the project status (offline or online
mode).

Offline mode

Communication with the Technology CPU is down when S7T Config is operated in offline
mode. In this mode, you can create new technology objects, configure drives using the
integrated STARTER tool, and compile the technology data.

Online mode

S7T Config communication with the Technology CPU is up when operated in online mode. In
this mode you can perform diagnostics operations, download new project data to the device,
and edit parameters in the CPU.

The system checks technology data consistency when you change to online mode. This
check verifies the availability or connection of the devices, drives and technology objects
configured in the technology. If an inconsistency is found, or an error occurs (for example
deviation of the existing configuration in the target system from the offline configuration in
S7T Config), the corresponding objects are highlighted on a red background in the
Navigator.
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/I\CAUTION

In order to ensure isochronous control of the drives, do not connect the programming
device (PG/PC) to the DP(DRIVE) interface.

4.5 Configuring electrical axes

Prerequisite

® The Technology CPU was configured in HW Config and configuration data were
compiled.

Inserting a new axis in S7T Config

The steps below describe the basic procedure of inserting and configuring an axis, based on
the example of a positioning axis.

Step Description

1. In the Navigator of S7T Config, double-click "Insert axis".

G+ STT Config - 317T_04_bASIMATIC 300(1)\Technology

Technology  Edit Inzert  Target spstemn VWiew Ophions  Windo

| ==l = = S e
=-&p N7 "

W Insert single drive

=-E SIMATIC 300(1)

=-EA Techrology
B AES

P Insert axiz
E1-_] EXTERNAL ENCODERS

b ®| Insert esternal encoder
EI_I CaMS

L Ingert cam

ﬂj. SIMODRIVE_E1TU_DFZ2_DF3
-] MOMITOR
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Step

Description

Select the "Positioning" technology from the "General" tab, for example, for the configuration of a positioning
axis.

Disable the "Positioning" technology when you configure a speed-controlled axis.

You can edit the name, enter an author, define a version name, and enter a comment. "Technology Objects
Management" applies the name of the technology object as symbolic name to the technology DB of the object
in STEP 7.

Click on the "OK" button.
Result: The Axis Wizard appears.
Note

You define the axis technology (speed, positioning, synchronous operation) once when you configure a new
axis. In order to change the axis technology at a later time, you must delete and recreate the axis.
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Step Description
4. Select the axis type and the motor type from the next dialog box.
Axizs configuration - Achse_1 - Axis type |
=RENE Bz bppe: &+ Electrical
o :
Uit Hydraulic
It odula " Yirtual
[10rive azzignment &
4 I I [
-
kdatar bppe: £ Standard motor

rou can select theM Linear rokor

Cautionl

Changing this entry can c u zet data az the

gtructure of the configuration data changes.

[a
< Back I Continue » I Cancel | Help |
Click "Continue".
S7-Technology
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Step Description

S. Select the physical units for axis configuration and for the user program from the list in the next dialog box.
Axizs configuration - Axis_1 - Units |
| ame Itz
W iz |
RS Physical quantity Unit -
Madula Pazition _ ITItTI .
WDrive assignment & Inc:rerverntsfpasrtmn 1000t
4 I I » Welooity M
Accelerstion Imitnfa*
Jerk ImitnE=
Ratio %
Time =
Speed 1r=
Leadzcresw pitch mimsrot
Angle ° LI
Caution | ;I
If your change the systemn of wnitz, the configuration and spstem
vanables will be converted [rounding errors are pozsible] but the data
in the programs will not be considered. _I
w

¢ Back I Continue > I Cancel Help

Note: The physical unit settings only apply to this axis. The list may also show physical units which are
irrelevant to this axis due to the axis configuration.

Example: The value "1000.0" with positioning unit in [mm] set at input parameter Position of the
MC_MoveAbsolute" technology function is equivalent to a position value of 1000.0 mm.

Caution:

Numerical values set in the user programs (for motion commands, for example) are not converted into the new
units if you change the unit settings. The values always refer to the configured unit!

Click "Continue".
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Step Description
6. If you intend to operate the axis in modulo mode, set the "Modulo axis" check box, and enter the required
modulo length and start value.

Axiz conhiguration - Axis_1 - Modulo |

[v] M ame
[w]dmiz type
[v] it

@Dduln axiz

[10vive azzignment  [Fe
1 | | 3 Act pos. value starts again at ||:|_|:| mm [Madula start value)
O after I'“:":"]-':I mm  [Modula length]

"i'ou specify the value range of the encoder on thiz page. ;I

< Back I Continue » I Cancel Help

Click "Continue".
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Step Description

On the next dialog box, select the drive component you want to connect to the axis.

Axis configuration - Axiz_1 - Drive assignment

YWhich drive unit are you uzing?

Wirtual axiz - no drive connected j
SIMODRIVE B11L DF2 DP3
] ai ME

[JCaormpleticn SIMODRIVE_E11U_DPZ2 2

r Mo longer display
infarmation far real axes

"r'ou can establish the connection to a diive on this page. For a diive =~

-

< Back I I:::untinue>l Cancel | Help |

The drop-down list shows all drives configured in HW Config. Drives already connected are no longer included
in the drop-down list. The program only shows the "Synchronize Sinamics devices" button if a SINAMICS S120
drive is configured in HW Config.

Select the "virtual axis" drive component in order to allocate a logic control function to the axis in a
synchronized group. The dialog box displays additional options if a real drive unit is selected.

Select the relevant "Axis" from the "Drive" box if the selected drive is a multiple axis module (for example,
SIMODRIVE 611 universal double-axis module, IM 174/ADI4, SINAMICS S120).

The "log. HW addresses", "Input" and "Output" display boxes show the drive's logical addresses you set in the
drive configuration in HW Config.

If you recreate the configuration, the default message frame type set in HW Config will be entered in the drop-
down list box (see Message frame types and their functions (Page 113) for further information.) If the message
frame set in HW Config is unknown or was edited by the user, so that it does not match any known standard
message frames, the telegram wizard helps you to make the correct selection from the drop-down list.

Enter the rated speed of the motor in the "Rated speed" input box. This value is relevant to speed assessment
and must therefore correspond with the drive configuration.

Click "Continue".

Result: The "Interaction axis - drive" dialog box opens. Confirm the dialog with "OK". The S7T Config Online
Help opens. Close the Online Help and continue the axis configuration.

Note

e The message frame type you configured in S7T Config for the interface of the technology object for the
drive component must match the message frame type of the component configured in HW Config.
e Ensure that the motor speed configured in the drive and the values entered in this dialog box are consistent.

If a SINAMICS drive is used, this dialog box furthermore contains the "Data transfer from drive" button with
which the values of the drive parameterization can be used.
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Step Description
8. Select the encoder of the drive from the next dialog box.

Axis configuration - Axiz_1 - Encoder assignment

W] iz bype :I
[w] itz
[w]td aduilia J

[W]Dirive assignment “Where is the position encoder connected?

WE_ET11U_DP2_DP3 - Encoder 1

Log. Hw addreszes: [hpLt; |25E Output: |256
“Which meszage frame type do you want to use for data transfer?

;

I Mezzage frame 102

Encoder bype: IIncrementaI encoder

Encoder mode: I Rectangular TTL

L lellelle

Meazuring system; IFh:utary encoder system

"'ou can zet the encoder uged for thiz axiz on thiz page. Y'ou can
alzo zelect special connection types of the encoder.

N

< Back I Continue > I Cancel Help

Select a default encoder which is to return its values to the CPU in the message frame configured in HW Config
(usually, the encoder directly connected to the drive). You can select a different encoder for axis position
detection from the list of configured encoders.

Open the drop-down list to select the message frame type used to exchange encoder data. Default is the
message frame configured in HW Config.

Define the settings specified in the encoder documentation or in drive configuration data in the "Encoder type",
"Encoder mode" and "Measuring system" drop-down lists.

Click "Continue".

Note

Ensure that the encoder data configured in the drive and the values entered in this dialog box are consistent. If
a SINAMICS drive is used, this dialog box furthermore contains the "Data transfer from drive" button with which
the values of the drive parameterization can be used.
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Step Description

In the next dialog box, define the encoder resolution and the multiplication factor of the cyclic actual value.
On the next dialog box, define the encoder resolution and the multiplication factor of the cyclic actual value.

For information on the encoder resolution, refer to the encoder documentation. Calibrate the multiplication
factor of the cyclic actual value based on the values used in the configuration of the drive component.

Axiz configuration - Axiz_1 - Inc. encoder data

& Encoder pulzes per revaolution |2':|4E

Multiplication Factar af the cyclic |I]
actual walue [Gr_=I5T1]:

RARLAREAREARES

|

Click "Continue" to continue the axis configuration.

10. When completing the axis configuration, check the summary of your entries.

Axis configuration - Axis_1 - Completion

All the neceszary data for configuration has been entered:

Configuration of this axis: -
M ame:
- Az 1
Technaology:
- Pozition axiz
iz type;
- Linear asis
- Modula zelected
+ Start value: 0.0
+ End walue; 1000.0
Drrive:
- Hame of dive: "SIMODRINE_B11L_DFZ2_DP3"
- Qutput:
+ Dirive on PROFIBLS.

[~ Mo longer dizplay the following information

< Back | Finizh | Cancel Help

Exit the axis configuration dialog by clicking "Finish".

Result: The "Interaction axis - drive" dialog box opens. Confirm the dialog with "OK". You have successfully
completed a positioning axis configuration with the help of the Axis Wizard.
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451 Adding a data record for data record changeover

Introduction

Prerequisite

134

The "MC_ChangeDataset" technology function can be used to perform a data record
changeover at an axis. You can create data records for speed-controlled axes, positioning
axes and synchronization axes. Virtual axes always have only one data record.

The data record changeover function can be used, for example, to toggle between the motor
encoder and the machine encoder, or to edit controller parameters.

Note

When editing data record parameters, note that certain parameters must be identical in the
data records:

e Parameters changing the structure (different controller types such as PV or PID
controllers, for example)

e Important activating parameters (following monitoring on/off, DSC on/off, for example)

The consistency check reports any illegal technology parameter settings when you configure
data records in S7T Config.

® The axis is configured.
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Adding a new data record

To configure a new data record:

Step Description

1. In the Navigator of S7T Config, open the configuration dialog box of the axis to which you want to add a data
record.

2. Set the "data record changeover" check box.

The check box is hidden if the axis already contains several data records.
3. Click "Add".
Result: A new data record is added to the axis.

4. Click "Configure active data set."
Result: The Axis Wizard appears.

5. Use the axis wizard to configure the data record.

Note: The technology used is set once when you create the axis. You can not use a second data record to
change the axis technology.

6. You may also perform an encoder changeover using the data record changeover function. Do so by setting the
"enable encoder changeover" check box on the "Axis configuration - Encoder assignment" dialog box. Ignore
this step and the next otherwise.

Click "new encoder" to create the second encoder.

Result: A drop-down list opens from which you can select an encoder for this data record.
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Step Description
7. Select the connection and message frame type for the second encoder. In the final step, enter the encoder
information ("Encoder type", "Encoder mode" and "Measuring system").
For the encoder configuration select settings from the documentation of the encoder or configuration settings of
the drive components to which the encoder is connected.
Axis configuration - Azis_1 - Encoder assignment |
¥ | &ctivate encoden switehover
“Wwhich measuring system are you using?
Encader 2 Mew encoder | Femove |
Where iz the encoder connected?
|SIMODRIVE_E11U_DF2_DP3 |
Log. Hw' addreszes: [rput; |25E Outpu; |25E
Which meszage frame tppe do you want to uze for data transfer?
I kezzage frame 102 j
Encoder ype: IIncrementaI encoder j
Encoder made: IFiectanguIar TTL j
beazuring syztem: IHntar_l,l encoder system j
Click "Next". Continue by editing the steps in the wizard to complete the configuration.
8. In the axis configuration dialog box, select the data record to be loaded after CPU startup ("active after

startup").

¥ | [Vata zet changeover

dizplay: Active after ramp-up:

Data zet; |1 vI

M arme: .":".HiS_-I

Froc. cocle clock: I IFO j

Result: The "Encoder" table shows an overview of the configured encoders of the axis.

Deleting the data record of an axis

You start to delete a data record by selecting it from the axis configuration dialog box. Next,
click "Delete". The data record is deleted.

Selecting a data record

136

Select the data record to be edited from the "Display data record" drop-down list. This
selection is available in all dialog boxes of the axis.

Select the data record which is used by default after startup from the "Data record active
after startup”.
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4.5.2

Example

Default

S7-Technology

4.5 Configuring electrical axes

Fine resolution

Encoder pulses can be evaluated in the drive at a higher resolution, depending on the
encoder registration and type. The configuration of signal evaluation in the drive must be
interconnected with the "Multiplication factor of the cyclic actual value" parameter in the axis
configuration in S7T Config.

Axiz conhguration - Axis_1 - Inc. encoder data

[wl iz type - Encoder pulzes per revalution IEEI4=3

kultiplication factor of the cyclic 0
(] b ol actual value [Gr_=IST1: I
[w]Crrive azsignment

[w]E ncoder azzignme

An incremental encoder is connected to SIMODRIVE 611U and returns 2048 p/rev (encoder
resolution). By default, the drive multiplies this number of pulses by the factor of 2048 (2 to
the power of 11). This factor must be entered at the "Multiplication factor of the cyclic actual
value" parameter.

The "Multiplication factor of the cyclic actual value" is set to 0 by default. The system
automatically uses multiplication factor 2048 (2exp11).
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453

sensordata.sensordata[n].incrementalposition

Actual value logging

The diagram below shows the preparation of the actual value of an axis or external encoder
in the Technology CPU.

Sensor /

A 4

encoder

Standard-
ization

positioningstate.actualposition

sensordata.sensordataln].position

Only with analog absolute encoders

138

Position value filte
TypeOfAXxis. A
: ctual value
a| NumberOfEncoders. - Including > compensation
"|  Encoder_n. ”| Reference pointl 7| comp !
AnalogSensor. MC Home
PositionFilter Mode=4

Filter
TypeOfAxis.

NumberOfEncoders.

Encoder n. Filter

A 4

motionstatedata.
actualvelocity

Differentiation

v

Limit value
monitoring

Differentiation

sensordata.sensordata[n].acceleration

Actual value
position

sensordata.sensordata[n]. velocity

Filter
TypeOfAXis. —> 'SAC:;;I value
SmoothingFilter P
motionstatedata.
actualacceleration
Mean value Actual value
generation acceleration

Data are logged within the position control cycle. These data can be used to calculate further
variables such as velocity and acceleration.

The system variables sensordata.sensordata/n].incrementalposition and

sensordata.sensordatafn].position are calculated in the position control cycle clock. All other
system variables are calculated in the corresponding execution cycle clock of the axis or
external encoder. For external encoders, the system variables sensordata.sensordata/nj....

are called sensordata... .
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You use the TypeOrAxis.NumberOfEncoders.Encoder_n.AnalogSensor.PositionFilter
configuration data element to activate or deactivate the actual position value. The filter is
only available for analog absolute encoders:

Configuration data element Significance

TypeOrfAxis.NumberOfEncoders.Encoder_n. | YES Actual position value activated
AnalogSensor. PositionFilter.enable NO

Actual position value deactivated

TypeOfAxis.NumberOfEncoders.Encoder_n. | Time constant for PT1 smoothing.
AnalogSensor. PositionFilter.timeConstant

The "sensor" velocity filter can be activated/deactivated by means of the
TypeOrfAxis. NumberOfEncoders.Encoder_n.Filfer configuration data element:

Configuration data element Significance

TypeOrfAxis. NumberOfEncoders.Encoder_n. | YES Actual value filter activated
Filter.enable NO

Actual value filter deactivated

TypeOfAxis.NumberOfEncoders.Encoder_n. | Time constant for PT1 smoothing.
Filter.timeConstant

(For external encoders, the configuration data element is called
TypeOfAxis.Encoder_1.Filter... .

The actual velocity value filter can be activated/deactivated by means of the
TypeOrfAxis.SmoothingFilter configuration data element:

Configuration data element Significance
TypeOrfAxis.SmoothingFilter.enable YES Actual value filter activated

NO Actual value filter deactivated
TypeOrfAxis.SmoothingFilter.mode You can set the filter calculation method at this

configuration parameter:

DEFAULT_MODE | Averaging as a function of the
ratio: Execution cycle of the
axis / external encoder to the
position control cycle

Example: A 3 7 ratio is set
between the execution cycle
and the position control cycle.
In this case, the mean value is
formed in three position
controller cycles.

AVERAGING Averaging using a time
constant

PT PT1 smoothing using a time
constant

TypeOfAxis. SmoothingFilter. timeConstant Time constant for PT1 smoothing or "AVERAGING".
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454 Configuration

4.5.4.1

The Axis > Configuration dialog box shows the axis and drive settings

Configuration - Axis

You can edit these settings in a dialog box by clicking "Configure active data set".

Eﬂ Axis_1 - Configuration

¥ Data zet changeowver

Diizplay:

Data zet: 1

Drrive:

Encoder:

Active after ramp-up:  Encoder:

1

Marme: I.":".:':iS_-I

Proc. cycle clock: I PO j

T echnology: IFDIIDwing axiz

Bxiz type: ILinear axiz [standard/pressune]

Contraller; IF"-.-" controller

Configure dizplayed data set. .. Add |
b aduila: I.-'l'-.ctive
Start value: IEI T
Length: I'I ui] i

Axis type

[Real electrical axis

- Zelected drive iz on the PROFIBLUS.

Mazimum speed of the drive S000.0000 —
Message frame type Message frame 102
| Aniral address for actial wvahies [dR LI
Drive data... %

Data =et 1 -
Encoder Encoder 1
Meszage frame used Mezzage frame 102
Logical input address 346
Logical output address 346

Encoder type

Incremental encoder

1 -

A
i

Cloze

Help

This dialog box also contains functions for managing the data records for a data record
changeover. If the technology object supports multiple data records, you can:

140

Create new data records
Delete data records

Define which data record to load for the technology object during CPU startup, and

Reconfigure the selected data record.
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45.5 Mechanical system

45.5.1 Mechanics - Electrical axis

The Axis > Mechanics dialog box is used to configure the mechanical parameters of the axis
and of the encoder.

b eazuring systen:

[T Meas. spstem in opposite sense [invert act. pos. value) An inversion of both values Encoder parameter. .
comezponds to an invergion of the —
drive direction.

[ lrevert setpoint

I Ruaotary encader system j

hechanics:

kounting of encoder;

bator zide j

Check gear ratin? % |

— Load gear — Meazuring gear Leadzcrew pitch
MNumber of MNurmber of Dist. per
makar revalutions: I'I g miakar revolutions: I'I g spindle rev.:
MHumber of I.I— MHumber of I.I— 10.0
load revolutions: i encoder revaolutions: ) ) mirmrot

[ Module axis

[ Backlash on reversal compensation:

S7-Technology
Function Manual, 03/2008, A5E00251798-06 141



Configuring

4.5 Configuring electrical axes

Settings for the axis:

® Drive direction settings

® | oad gear settings

® | eadscrew pitch of a linear axis
® Modulo settings

® Backlash compensation settings
Settings for the encoder:

® Measuring gear settings

® Backlash compensation

® Encoder mounting type

Conditions of determining gear parameters

The configuration may return error messages indicating incompatible gear parameters. The
selection of incompatible configuration data may lead to internal overflows in the integrated
technology. Formulae used to determine suitable parameters:

f1 = Numerator measuring gear x 360 x internal resolution x denominator load gear

f2 = Denominator measuring gear x encoder resolution x actual value factor x numerator load
gear

From f1 and f2, the greatest common divisor k must be determined and used in the following
formula:

f11 = (f1/k) < 232
f22 = (fo/k) < 232

The results of f11 and f22 must be less than 232, If this is not the case, check whether an
appropriate modification of the parameters in the f1 and f2 formulas will produce values for f11
and f22 that do not exceed the maximum permissible value.

Check the following value if f11 and f22 meets the requirements described above and a
configuration error is detected nonetheless:

fs = Modulo length x internal resolution

Now you can calculate the greatest common divisor k2 of f3 and f11 and insert it in the
following formula:

fa1 = ((fs x f22 x f11) / (k2 x k2)) < 263

At this point you have to check whether fs1 is less than 263. If not, check whether you can
reduce modulo length. You can also make changes in the parameters in the f1 and f2
formulas, as long as you ensure that the requirements for fi1 and f22 are still met.
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Table 4-3 Parameter description

Parameters Comment Configuration parameter at the axis

Measuring gear Numerator of the measuring gear | AdaptDrive.numFactor

numerator ratio AdaptExtern.numFactor
AdaptLoad.numFactor

Measuring gear Denominator of the measuring AdaptDrive.denFactor

denominator gear ratio AdaptExtern.denFactor
AdaptLoad.denFactor

Load gear numerator | Load gear ratio numerator Gear.numFactor

Load gear Load gear ratio denominator Gear.denFactor

denominator

Internal resolution Internal increments / position unit | Defined in the configuration using the
axis wizard.

Actual value = X for DP drive X for absolute value encoders:

coefficient IncEncoder.incResolution

MultiplierCyclic
X for absolute value encoders:

AbsEncoder.absResolution.
MultiplierCyclic

A calculation tool is available in a contribution (FAQ) to this topic on the Internet at
http://www.siemens.com/automation/service&support.
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456 Default

4.56.1 Default - "Dynamics" tab

The default values for axis dynamics can be set in the "Dynamics" tab of the Axis > Default
dialog box. The default values are activated if a negative dynamic value is set at a
technology function.

Dyrarmic rezponse

Direction: I Pozitive j

Welocity: I'I no.a s

Yelocity profile; | {EE prograrmmed velocity profile

Jerk: Jerk:

{1000000.0 mm/'s* ' ! {1000000.0 /s

Acceleration: i i Deceleration:

[1000.0 s : | [1000.0 mmim/'s2
| 1

Jerk: : : Jerk;
| 1

| 1000000.0 mm/e : I [1000000.0 mim/

Stopping time: IEI. 1] 2

Default values supported:
® Direction

® \elocity

® Acceleration

® Deceleration

o Jerk

® Velocity profile

Stop time

The time set at "Stop time" is in effect when a moving axis is disabled, and if Sfopmode = 2
is set at "MC_Power".
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Velocity profile

The velocity profile defines the response of the axis during startup and when braking, and to
velocity changes.

The technology functions do not use the default value. If you want to change the velocity
profile, use the Jerk input parameter.

You can choose between the following profiles:
® Trapezoidal

The trapezoidal profile is used for linear acceleration in positive and negative direction of
the motion (jerk = 0).

e Constant

The profile shows a constant acceleration, the jerk profile is controllable (jerk <> 0).
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45.7 Limits

45.7.1 Limits - "Position and velocity" tab
In the "Position and velocity" tab of the Axis > Limits tab you can
e Configure and enable monitoring of the hardware limit switchesI (Page )
e Configure and enable monitoring of the Isoftware limit switchesI (Page )

® Set velocity limits

® Set emergency-off deceleration

-1000000000000.00

- .
B
/ N

500.000000
r 1000000000000,

10000, d00aaa

Emergency off deceleration

The value set for emergency off deceleration is activated when a moving axis is disabled and
Stopmode = 0 is set at the "MC_Power" parameter.
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457.2 Hardware limit switches

You enable hardware limit switch monitoring in the Axis > Limits dialog box, "Position and
Velocity (Page 146)" tab. Hardware limit switch monitoring is used to limit the operating
range of an axis, or to protect the machine.

Wiring
The HW limit switches can be wired to the four integrated digital inputs of the Technology

CPU, or to I/O modules such ET 200 or SINAMICS S120 with TM15/TM17 which are
operated on DP(DRIVE).

Traversing range

The permitted traversing range is monitored at the digital inputs of the hardware limit
switches.

Permissible traversing range

% N

Limit Limit
< switch

switch \

Safety range

A
Y

A 4

NOTICE

The hardware limit switch must be implemented as an NC contact.

The hardware limit switches must remain active after the axis has passed the permissible
traversing range until the mechanical end position is reached.
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Retraction

Safety range

148

An axis triggering a HW limit switch is stopped with error messages 8073 and 80485. It is
retracted from the HW limit switch (release motion) as described below:

¢ Manual retraction

The axis is returned manually to the permissible traversing range. The error at the
technology DB can only be acknowledged after it has been returned to this range.

e Retraction with drive

The error at the technology DB of the axis is acknowledged, but the error message and
the LimitSwitchActive bit remain active. The axis can now be returned to the permitted
traversing range. A reverse motion command once again triggers an axis error. The error
messages and the LimitSwitchActive status can be acknowledged after the axis has
moved out of the range of the limit switch.

The current position of the axis is saved upon reaching the HW limit switch is saved. Only
after this position, plus a safety range, has been passed is the axis considered to have left
the limit switch.

NOTICE

The controller may not be switched off after the axis has passed the HW limit switch in
order to avoid a conflict between polarity monitoring of the hardware limit switches and the
overrun monitoring of the hardware limit switches in direction of the valid range. In this
case, the axis is moved into the valid range without hardware limit switch monitoring, and is

then re-enabled.

When the controller is switched on, the axis must be positioned within the valid traversing
range.

Internal states are lost and the configuration is reloaded when the axis passes the hardware
limit switch. Reloading without loss of the approach information is only possible within the
valid range.

Exception: Deactivation of position limit monitoring after a polarity reversal error

The safety range of the HW limit switches is calculated based on the configured resolution of
the system of units of the axis.

Safety range = 1000 / (increments / position)

Example: A linear axis is assigned the position unit "mm" and a resolution (increments /
position) of "1000/unit" in the "Configure units" dialog box, meaning that the axis position is
calculated to an accuracy of 0.001 mm. The safety range in this example is a multiple of
1000 of the accuracy: 1 mm.
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457.3 Software limit switch

You can configure the software limits switches and enable the monitoring function in the
Axis > limits dialog box, "Position and Velocity (Page 146)" tab. If the software limit switches
are activated, the traversing distance of the axis is limited with the software limit switches.

Software limit switches should lie within the range of the HW limit switches with reference to
the traversing range in order to limit the working range of an axis, for example.

Monitoring software the software limit switches at start of motion:

® Check box activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the warning 0026 is already displayed in the technology DB of the axis when
the motion is started. In S7T Config the interrupt 40705 is signaled.
The axis travels up to the position of the software limit switch and the error 8074 is
reported in the technology DB.

® Check box not activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the axis traverses until the pPosition of the software limit switch is reached.
Error 8074 is reported in the technology DB (Warning 0026 is not output).

Behavior for travel to software limit switch:

® For position-controlled traversing:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, the respectively active position controlled or speed-controlled mode
remains.

® |n all operating modes:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, an active position controlled mode remains. In speed-controlled mode
the axis changes to position-controlled mode.

Negative position / positive end position:

Enter the positions for the negative and the positive end positions of the software limit
switches in these input fields.

Tolerance window for retraction:

Enter a suitable value in this input field in order to prevent renewed triggering of the software
limit switch error during retraction.

Note

The response of software limit switches is determined by the axis configuration in terms of
the homing function. The limit switches of a configuration requiring a homed axis for the
execution of absolute motion commands ("Homing required: Yes" in the Axis > homing
dialog box) are not monitored if the axis is not homed. By contrast, if the execution of
absolute motion commands is allowed when the axis is not homed ("Homing required: No" in
the Axis > Homing dialog box) the software limit switches are monitored, regardless of the
homing state of the axis.
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45.7.4 Limits - "Dynamic response” tab

You can adjust the HW limits (mechanical) and SW limits in the "Dynamic response" tab of
the Axis > Limits dialog box.

The set deceleration limit is activated when a moving axis is disabled and FastSfop = 17is set
at the "MC_Power" parameter.

The status-dependent acceleration model is enabled (default) by setting the "Absolute
values" check box.

The direction-dependent acceleration model is enabled by resetting the "Absolute values™
check box. Additional parameters are displayed in this case.

Position and velocity  Dynaric response | Fiked endstop I

Hardware limits [irmits that muzst not be exceeded far mechanical reazonz];

Acceleration: |1 00a0.0 P Jerk:  |200000.0 I s

Software limitz [limits that can be modified by programs]:
& ' : W absolute values

Acceleration; Deceleration:
Ir'_| pozitive I posgitive
dir. af travel: dir. af travel:

b |1 000000000000, s » I'I 000000000000, mmds

Postive jerk: Megative jerk:
I pogitive I pogitive
dir. of travel: dir. of trawvel:

b I1DEIDDDEIDDEIEIEIEI. ! ¥ I'IEII:IEIEIEIEIEIEIEIEIEIEI. rms?

™ Local stop reaction with jerk

Status-dependent acceleration
® Acceleration
Axis acceleration, independent of the direction of movement
e Deceleration

Axis deceleration, independent of the direction of movement
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Direction-dependent acceleration
® Acceleration

Acceleration in the positive motion direction and deceleration in the negative motion
direction

® Deceleration

Acceleration in the negative motion direction and deceleration in the positive motion
direction

Parameter settings with dynamic direction vector are useful, for example, for suspended
axes.

Local stop reaction with jerk

Set the "Local stop reactions with jerk" check box to execute a stop reaction triggered by an
alarm reaction at the axis, with jerk limiting and rounding.

Emergency-stop deceleration

The set emergency-stop deceleration comes into effect when a moving axis is disabled and
Stopmode = 0Ois set at "MC_Power."
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4575 Limits - "Fixed end stop" tab

The "Fixed end stop" tab of the Axis > Limits can be used to enable fixed end stop detection
and to set the corresponding detection mode:

e Use following error
® Using the force/torque

When the selected condition is met, the "fixed end stop" status is reached. Following error
monitoring is disabled if "Move to fixed end stop" is enabled.

Faozition and welocity I Dynamic resporise Fiked endstop

Fized endstop detection: I".,-"ia following error j

Set posii - i
el pozition Following errar for the fiked

endstop detection;
B — IEU-E‘ i

— —— -

| Paosition tolerance after fined
endztop detection:

l\

Progr. end position Actual pozition at fized
endstop

\

Use following error

Note

When the axis moves onto the fixed end stop, and fixed end stop detection with "use
following error" is set, the entry in "Position tolerance after fixed end stop detection" should
be significantly less than that of "Following error for fixed end stop detection".

Use torque value

The fixed end stop detection function "use torque value" requires that the digital drive
assigned to the axis supports torque limiting, and that a corresponding message frame, for
example, message frame 102 or message frame 105.
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Move to fixed end stop

The "MC_MoveToEndPos function activates the "Move to end stop" function and sets the
clamping torque after the end stop is reached. This operation is also known as "clamping."

The motion is stopped when the axis reaches the fixed end stop and the control remains
active. The setpoint value at the position controller input is held constant. New motion
commands in direction of the clamping position are canceled; new motion control commands
in retraction direction are executed to reduce torque. The position setpoint of the axis is used
as start position of new motion control commands in retraction direction.

The position setpoint of the axis results from one of the following equations, depending on
the fixed end stop detection function:

"Use following error"
Position at fixed end stop + following error

"Use torque value"
Position at fixed end stop + clamping tolerance

Conditions for the "Fixed end stop detection" function

S7-Technology

The "Move to fixed end stop" function is reset when the axis moves out of the clamping
tolerance window.

A new command can also be output to toggle the direction of torque when clamping is
active.

Non-stepped torque transitions and torque retention over a defined time period can be
implemented in the user program, as can definitions of torque profiles.

Moving to the fixed end stop (clamping) can be disabled by setting a reverse positioning
command.

A reversal command MC_MoveToEndPos is not permitted and is ignored.

A mechanical break of the end stop is monitored by means of the actual value of the axis
(clamping tolerance window monitoring).

The torque limit of the drive is set in [N/m] at the 7orque parameter of the
MC_MoveToEndPos technology function.

If the command is active and the fixed end stop is not detected, the system reacts as with
active torque limiting.
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458 Actual value

4.5.8.1 Actual value - "Actual value" tab

Activate actual value filtering in the dialog Axis / External encoder > Actual value on the
"Actual value" tab and set the appropriate time constants.

Eﬂ Technology Axiz_1 - Act_val.

dizplay; Encoder:

Data set; I‘I vI |1_

Act val. | Estrapolation |

v Filter on the actual pozsition value —
Encoder parameter...

Time conztant T1; |1 e-002 p

Time conztant T2 |1 e-002 %

Cloze Help

Filter on the actual position value
Activate the check box if you would like to activate the filtering of the actual position value.

Time constant T1
Here, you set time constant T1 of the PT2 position filter in the actual value system.

Time constant T2
Here, you set time constant T2 of the PT2 position filter in the actual value system.

"Encoder parameter” button
Opens a dialog box in which the encoder data are displayed.
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458.2 Actual value - "Extrapolation” tab
Master value / actual value coupling . .
(axis or external encoder with actual value extrapolation) Following object Following axis
Sact S S s
act | ext . »| Master [ Synchro- [ Synchro- imitati
V. Filters Extr?pola— Y value n)i/zation/ ynous Limitations Output
act tion ext 8 V |  lswitchover| ,ldesynchro-| | operation ||V
(with nization rule
a dynamics) with
drdt |~} 2 [~ dynamics [ a
(v,a,>Xx)

S7-Technology
Function Manual, 03/2008, ASE00251798-06 155

If there is a synchronous operation interconnection within a control, the synchronous
operation takes into account the position, velocity, and acceleration of the master value
position.

If an actual encoder value is used as the master value, it is useful to extrapolate the
measured actual value for the synchronous operation in order to compensate for dead times.
Dead times result within the system when measuring actual values, e.g. due to the bus
communication and the system processing times.

The extrapolation is set in S7T Config on the leading axis or on the external encoder in the
dialog Axis / External encoder > Actual value in the "Extrapolation" tab.
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=1 Technology Axiz_1 - Act.val.

|7 Differentiation of the extrapolated master value |_

The parameters of this dialog can also be read from or written to the user program via
technology parameters.
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Actual value coupling with extrapolation (axis and external encoder)

= .
S TO Axis and
€ External Encoder:
TO Axis / TO External Encoder g . .
% |Following object
Closed-loop control cycle clock IPO or IPO_2 cycle clock o
e TS o e £ IPO or IPO_2 cycle clock
i TypeOfAxis.Extrapolation. ;- 0: ExtrapolationTime <> 0 B
H ExtrapolationTime 1: ExtrapolationTime = 0 o [V
b q i SV: extrapolation | .E currentMasterData.
SV GRIEpEEIEDEEL. || Extrapola- | — Data.position | _ S _ |value Synchro-
filteredPosition \| i tion with *3
i L — I L AX 3 nous
\ plausibility T ocityl S derivedValue operation
i ~.veloci =) ™ .
! check 1 Tr VO, o= function
g H ~.acceleration| > L
0 0 © ) ;
—! Filters : F ﬂ __'% secondDerivedValue,
i . Tr <
TypeOfAxis. : i EVPGOfﬁiS- c Only for TO External
ion. g - trapolation. o
EXtraF")l(t)Iatlon : iy peCidas e:tra polat:ed- % Encoder:
=y ! TypeOfAxis. Extrapolation. o Pt . %
: g i i ToleranceRange VelocitysSwitcl . :
) SV: extrapolationData. :EXtr?POIit.'Ion' Filters 0: Hysteresis not active & FOIIOWIng ObJeCt
Active X filteredVelocity g Celion oD 1: Hysteresis active E
actual 5 | () IPO or IPO_2 cycle clock
value o N P 3
system sv: £ v
IAxis: positioningState.actualPosition 2 currentMasterData.
Ext. encoder: motionState.position| 8’ _ |value Synchro-
Axis: motionStateData.actualVelocity 3 nous
\ . Ext. encoder: motionState.velocity| 3 ~ derivedValue operation|
Filters } o ® function
Axis:  motionStateData.actualAcceleration % =
- Av Ext. encoder: motionState.acceleration| > secondDerivedValue
TypeOfAxis. —_— =
SmoothingFilter | Tt 2
<‘() SV: System variable

Extrapolation time
(Parameter 7770, configuration data 7ypeOFAxis. Extrapolation. Extrapolation Time)

Here, you set the time for the extrapolation. No extrapolation if the value entered is 0.0.

Filter on the actual position value

(Parameter 7730 configuration data
TypeOrAxis. Extrapolation. ExtrapolationPositionFilter.enable)

Activate the check box if you would like to extrapolate the actual position value.

Time constant T1
(Parameter 7737 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T 1)

Here, you set time constant T1 of the PT2 filter for the extrapolation in the actual value
system.
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Time constant T2

(Parameter 7732 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T2)
Here, you set time constant T2 of the PT2 position filter in the actual value system.

The filter acts on the actual position for the extrapolation. The velocity for the extrapolation is
taken over from the actual values of the axis or external encoder before application of the
smoothing filter ( 7ypeOrfAxis.smoothingFilter).

Filter on the actual velocity value

Time constant

(Parameter 7772 configuration data 7ypeOfAxis. Extrapolation. Filter.enable)
Activate the check box if you would like to extrapolate the actual velocity value.
Here, you select the filter for the extrapolation velocity in the drop-down list.

(Parameter 7777 configuration data 7ypeOfAxis. Extrapolation. Filter.Mode)

(Parameter 7773 configuration data 7ypeOfAxis. Extrapolation. Filter.timeConstant)
Here, you enter the time constant for the filter.

The position is extrapolated based on the filtered or averaged velocity value. Averaging is via
the "time constant".

Tolerance window for actual position value inversion

(Parameter 7774 configuration data 7ypeOFAxis. Extrapolation. ToleranceRange.enable)

Here, you can activate the tolerance window for actual position value inversion

Tolerance window

(Parameter 7775 configuration data 7ypeOfAxis. Extrapolation. ToleranceRange. Value)
Enter the size of the tolerance window here.

If the master value is superimposed with high-frequency noise signals that the synchronous
operation cannot follow, this can cause the dynamic response limits to be exceeded or the
master value to briefly change directions during synchronization.

In this case, define a tolerance window to prevent the dynamic response limits from being
exceeded on the following axis or to prevent direction changes during synchronization.

Master velocity for synchronous operation

158

(Parameter 7776 configuration data 7ypeOfAxis Extrapolation.exirapolatedVelocitySwitch)

In the drop-down list, select whether the velocity is to be applied for the extrapolation or if the
extrapolated master position value is to be differentiated.
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Checking the extrapolated and filtered values

The extrapolated and filtered values can be checked in the following system variables:

extrapolationdata.position
extrapolationdata. velocity
extrapolationdata.filteredposition
extrapolationdata. filferedvelocity

extrapolationdata.acceleration

Support of encoders with NIST evaluation

S7-Technology

With encoders with NIST evaluation, the speed determined by the encoder and the resulting
velocity can be accepted by the encoder. A calculation of the speed and velocity by the

integrated technology is not necessary in this case. Two methods of transmission are
available:

® Transmission in the PROFIdrive message frame

Setting via the configuration data element
TypeOrfAxis. NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_PROFIDRIVE_NIST_

Transmission in the 1/O area
Setting via the configuration data element

TypeOrAxis.NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_DIRECT_NI/STIn this case, 4000H corresponds to 100%. The address
is set in the configuration data element

TypeOrAxis. NumberOfEncoders.Encoder_n.nistConfig.logAdress, and the reference
value in the configuration data element
TypeOiAxis.NumberOfEncoders.Encoder_n.nistConfig.referenceValue.
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459 Control

4.5.9.1 Control - "Static controller data" tab

The "Static controller data" tab of the Axis > Control dialog can be used to configure the
position control of the axes.

linear interpolation

Balancing filker active |_
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Manipulated variable limiting

Manipulated variable limiting represents an absolute high and low limits of the control range.
This limitation is applied prior to inversion.

Note

When the Dynamic Servo Control (position controller in the drive) function is active, backlash
locking (limiting of manipulated variable for the drive) is not effective. Therefore, when DSC
is active, the backstop must be generated in the drive.

Drive

Use this input box to enter the maximum speed of the drive.

"Controller setting" button

This button can be used to implement a simple controller optimization without precontrol and
balancing filters with SINAMICS drives.

Follow the instructions in the "Optimizing the position controller - overview (Page 853)"
chapter if you want to achieve an implemented position control system.

Controller parameters

For further details on the individual controller parameters and their optimal setting, please
refer to the chapter "Optimizing the position controller - overview (Page 853)".

Fine Interpolator

The fine interpolator function is used is to generate interim setpoints when the interpolator
and controller have a different duty factor. Optional interpolation mode settings at the fine
interpolator:

® No interpolation

® Linear interpolation (constant position for positioning axis)

® |nterpolation with constant acceleration (constant acceleration at positioning axis)
® |Interpolation with constant velocity (constant velocity at positioning axis)

When set for positioning axes, the position setpoint is interpolated.

When set as speed-controlled axis, the velocity setpoint is interpolated.

Dynamic filter, precontrol, balancing filter

For further details on the settings please refer to the chapter "Optimizing the position
controller - overview (Page 853)".
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459.2 Control - "Dynamic controller data" tab

The "Dynamic controller data" tab of the Axis > Control can be used to adjust the dynamic
response of the axes, for example, to match their response in synchronous operation. The
"Dynamic controller data" tab is available when you set expert mode in the "Static controller
data" tab.

The setpoint branch of the control loop contains a configurable dynamic filter which you can
use to adjust the dynamic response of the axes.

Dizplay Active Encoder:

Data zet 1 l'l_ l'l_

Static controller data  Dynamic contraller data l Friction compenszation ]

-

Current control loop Speed control loop Position contral loop
equivalent time equivalent time equivalent time

0000050 | . 0.000500 | 5 0100000 | 5

n-cantrol [-xh b3

w-contrall

e Equivalent time current control loop
The equivalent time current control loop is not used in this version.

e Equivalent time speed control loop
The "Equivalent time speed control loop" parameter can be used to set time constant vTc
(velocity Time constant) of the balancing filter.

e Equivalent time position control loop
The equivalent time of the position control loop is required to toggle from speed-
controlled mode to position-controlled mode and to start the emergency stop ramp.
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4593 Control - "Friction compensation" tab

The "Friction compensation” tab of the Axis > Control tab is used to enable friction
compensation. The "Friction compensation" tab is available when expert mode is set on the
"Static controller data" tab.

The system provides a simple method compensating for the forces of static friction. During
startup from a standstill, a DT1 element adds a static friction compensation signal to the
manipulated variable.

decay

Amplitude /

The friction compensation is added relative to the velocity setpoint. It is only active when
motion commands are executed.

The standstill identification for static friction compensation can be set separately, as is the
case for the amplitude and the decay response. The amplitude and decay response are set
in the configuration.
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4.5.10 Homing

45101 Introduction

Position-controlled axes equipped with incremental motor measuring systems must be
referenced to the position of the mechanical system of the machine each time power is
switched on. The axis is synchronized during homing, based on the activation of a certain
position value at a defined position of the axis mechanism.

Axes can be homed in:

e Active mode (reference point approach)
e Passive mode (flying referencing)

® Direct mode (with position setpoint)

Detailed settings depend on the measuring systems available for measuring the reference
point and on the motion an axis may perform for homing.

45.10.2 Homing - "Active homing" tab

Active homing

164

Active homing can be configured in the "Active homing" tab of the Axis > Homing dialog box
in S7T Config.

Three homing modes are available for "Active homing":
e Reference cam and encoder zero mark

® Encoder zero mark only

e External zero mark only

Start of the homing function:

MC_Home Mode = 0 Determination of the reference point based on the axis configuration
Mode = 1 Determination of the reference point based on the axis configuration
Position = x The reference point is assigned the value of the Position input
parameter.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone = TRUE.
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Active homing mode with "reference cam and encoder zero mark"

Honiing required: IYES j

Haming mode;
Harmning with

Encoder zera mark: Iln front of homing output cam j

Log. address of |55535
horming output cann:

Start of haming procedure: IF'n:nsitive direction j Bit number: I j
Anproach velocity: | \\ v tdax. distance ta homing output cam
IE':'-':I s I IEI.EI [
EIEML [T Max dist. to encoder zero mark:
200
s \ IEI.EI -
Reduced velocity:
|1 0.0 s -|/ X \% k\ +

Haome pozition coordinate: Home position offset;

||:|. 1] il IDD rmm

After homing is started with the "MC_Home" technology function, the axis moves to the
reference cam and then approaches the referencing encoder zero mark, according to the
axis configuration. The lower section of the diagram shows the resultant motion sequence.

Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case "Homing output cam and encoder zero mark"

Encoder zero mark

Before reference
cam

The axis is homed to the encoder zero mark which lies
before the reference cam with reference to the direction of
reference point approach.

After reference cam

The axis is homed to the encoder zero mark which lies after
the reference cam with reference to the direction of the
reference point approach.

Start reference point approach

Positive direction

Reference point approach in positive direction.

Negative direction

Reference point approach in negative direction.

Logical address of reference cam

[byte address]

Logical byte address of the reference cam

You can connect the reference cam to the integrated inputs
of the Technology CPU, or to the 10 on DP(DRIVE).

Bit number

[Number of the bit]

Bit address of the signal used for the reference cam

Approach velocity

Velocity at which the axis approaches the reference cam

Entry velocity

Velocity at which the axis approaches the (shifted) reference
point after detection of the encoder zero mark

Shutdown velocity

Velocity at which the axis approaches the encoder zero mark
after detection of the reference cam.

Reference point coordinate

(Reference cam and encoder zero
mark, External zero mark only,
Encoder zero mark only)

Here, you enter the actual position value of the home
position (relative to the coordinate system of the axis)

Homing position offset

The "Home position offset" shifts the reference point by a
configured distance. The axis travels along this configured
distance at a velocity defined in "Entry velocity", starting at
the synchronization position with encoder zero mark.

Modulo axes always take the shortest distance.

Maximum distance to homing output | deactivated The distance to reference cam detection is not monitored

cam Activated Monitoring of the distance between the start of reference
point approach and detection of the reference cam. If the
difference in this distance exceeds the configured value, the
corresponding technology DB returns error 807D. The
reference point approach is canceled.

Maximum distance to encoder zero | deactivated Distance to go to the encoder zero mark is not monitored

mark Activated Monitoring of the distance an axis travels between the

reference cam and the encoder zero mark. If the difference in
this distance exceeds the configured distance,

the corresponding axis technology DB indicates error 807D.
The reference point approach is canceled.
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Sequence of the reference point approach

S7-Technology

® Phase 1: Reference cam approach

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach". The reference cam
approach ends after the reference cam (Phase 1) is reached.

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the reference cam by setting the "Max. distance to homing
output cam" check box. The reference point approach is canceled with error if the
reference cam is not detected between the start and end of the configured distance.

Phase 2: Synchronization with encoder zero mark

After having reached the reference cam, the axis accelerates / decelerates to shutdown
velocity, and approaches the encoder zero mark. The encoder zero mark is derived from
the combined settings of "Encoder zero mark" (after or before the reference cam) and
"Start of reference point approach" (positive or negative direction).

After the reference cam is detected, the PLC synchronizes the axis to the first encoder
zero mark detected in accordance with the configuration. The axis position is set to the
default value minus the reference point shift defined in "Reference point coordinate"
(Mode = 0) or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the reference cam and the
encoder zero mark by setting the "Max. distance to encoder zero mark" check box. The
reference point approach is canceled with error if the encoder zero mark is not found
within the specified distance after the reference cam is detected.

Phase 3: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
velocity to approach the reference point.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "External zero mark only"

Homing required: |ves j

Haoming mode;
Harning with

Signal kransition: ILDW -» High [positive)

On the external zera mark side: IHight

Led L e

Start af homing procedure: IF'n:nsitive direction

Approach welocity: | W bdaw distance to ext. zera mark
|5|1n mm/s > |n.n i
Entry welocity: /
IEEI.EI mmds [
Reduced velocity: / \ /
N +

o ows = |/ 7]
A

Haome pozition coordinate: Home position offzet;

||:|. 1] il IDD rmm

If homing is started by calling the "MC_Home" technology function the axis approaches the
referencing external zero mark in accordance with the configuration. The lower section of the
diagram shows the resultant motion sequence.

Meaning of the various parameters:

Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute
absolute motion commands.
Homing mode - In this case: "External zero mark only"
Signal transition Low -> High The motion is referenced to the positive edge of the external
(positive) zero mark (setting according to edge evaluation in the drive
component).
High -> Low The motion is referenced to the negative edge of the
(negative) external zero mark (setting according to edge evaluation in

the drive component).

On the side of the external zero mark | left The signal transition is measured viewed from the left side
of the external zero mark, in the selected direction of
reference point approach.

right The signal transition is measured viewed from the right side
of the external zero mark, in the selected direction of
reference point approach.
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Parameters Value Explanation
Start reference point approach Positive direction Reference point approach in positive direction.
Negative direction Reference point approach in negative direction.
Approach velocity - Velocity at which the axis approaches the external zero
mark
Entry velocity - Velocity at which the axis approaches the (shifted) homing

position after detection of the external zero mark

Shutdown velocity - Velocity at which the axis approaches the reference point
coordinate after detection of the external zero mark

Homing position offset - The "Home position offset" shifts the reference point by a
configured distance. The axis moves by a configured
distance at the "Homing velocity", after its synchronization
at the external zero mark edge.

Modulo axes always take the shortest distance.

Max. distance to external zero mark | deactivated The distance to external zero mark detection is not
monitored.
Activated Monitoring of the distance between the start of the
reference point approach and detection of the external zero
mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error 807D.
The reference point approach is canceled.

Note

For homing with "external zero mark", connect the external zero mark as digital measuring
input to the drive component.

In order to execute a reference point approach in "external zero mark" homing mode, select
"Signal transition" and "on the side of the external zero mark" values which correspond with
the drive's configuration or functionality. Instead of being used to configure the measuring
function in the drive, the "Signal transition" and "on external zero mark side" parameters
merely reflect their functionality in order to control the axis motion according to the
configuration.

For information on the configuration of external zero mark detection, refer to the relevant
product information or to the drive manuals.
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Sequence of the reference point approach

170

® Phase 1: Synchronization to external zero mark

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach". Synchronization ends at
the external zero mark (phase 1) when the configured signal transition (configured at the
drive component) is detected at external zero mark. The axis position is set to the default
value minus the reference point shift defined in "Reference point coordinate" (Mode = 0)
or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the signal edge by setting the "Max. distance to external zero
mark" check box. Homing is canceled with error if the edge is not detected between the
start of reference point approach and the end of the configured distance.

Phase 2: Reference point approach

After the configured signal edge is detected, the axis accelerates / decelerates to
approach the reference point coordinate at shutdown velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the external zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "Encoder zero mark only"

Haming required: |ves j

Harming mode:

Start of homing procedure: | Megative direction j

Entry welocity: . \ ¥ Max dist. to encoder zero mark:
200 I

f i 0o o
Reduced velocity:

|1 0.0 s - ¥
Haome pozition coordinate:; Home pozition offzet;

IEI. 0 i IEI.EI mm

Homing to encoder zero mark is used, for example, at axes for which the encoder can only
set one encoder zero mark in the entire traversing range of the axis. The homing command
initiates axis approach to the encoder zero mark. After the encoder zero mark is detected,
the axis approaches the shifted reference point at homing velocity. The axis position now
has the value defined in the reference point coordinate. The graphic in the figure shows the
resultant motion sequence. Meaning of the various parameters:
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Parameters

Value Explanation

Homing required

Yes The axis must be homed in order to execute absolute
motion commands.

No The axis does not have to be homed in order to execute
absolute motion commands.

Homing mode

- In this case: "Encoder zero mark only"

Start reference point approach Positive direction Reference point approach in positive direction.

Negative direction Reference point approach in negative direction.

Entry velocity

- Velocity at which the axis approaches the (shifted)
reference point after detection of the encoder zero mark

Shutdown velocity

- Velocity at which the axis starts the reference point
approach and approaches the encoder zero mark

Homing position offset

- The homing position offset function shifts the homing
position by a configured distance, meaning that the axis
moves along a configured distance behind the encoder
zero mark detection position at a "Homing velocity".

Modulo axes always take the shortest distance.

Maximum distance to encoder zero deactivated Distance to go to the encoder zero mark is not monitored

mark Activated Monitoring of the distance between the start of the
reference point approach and detection of the encoder
zero mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error
801D. The reference point approach is canceled.

Sequence of the reference point approach

172

® Phase 1: Synchronization to encoder zero mark

The axis starts its reference point approach towards the direction set in "Start of
reference point approach" at the configured shutdown velocity. Synchronization with
encoder zero mark (phase 1) ends with the detection of the encoder zero mark. The axis
position is set to the default value minus the reference point shift defined in "Reference
point coordinate" (Mode = 0) or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and encoder zero mark detection by setting the "Max. distance to zero mark"
check box. Homing is canceled with error if the encoder zero mark is not detected
between the start of reference point approach and the end of the configured distance.

Phase 2: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
the reference point coordinate at entry velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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45.10.3

S7-Technology

4.5 Configuring electrical axes

Homing - "Passive homing" tab

Passive homing can be configured in the "Passive homing" tab of the Axis > Homing dialog
box of S7T Config. The difference compared to active homing is that the required homing
motion is not initiated by a homing command.

Three homing modes are available for "Passive homing":
e Reference cam and encoder zero mark

e External zero mark only

® Encoder zero mark only

Start of the homing function:

MC_Home Mode =2 The current position is assigned the value of the Position input
Position = x parameter at the reference point.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone= TRUE.

Note

Note that not all drive components support all homing mode or measured signal evaluation
functions. For details, refer to the documentation of the drive components used.

Triggering of encoder zero marks or reference cam monitoring during passive homing
operations is indicated by a corresponding error message at the technology DB. The current
axis motion is terminated in this case.
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Passive homing mode with "Reference cam and encoder zero mark"

Harning required: I"r"es j

Horning rnode: IH::uming output cam and encoder zero mark,

Direction af mation:

Current direction

Log. address of homing can; |54

Bit number: I 1] j

\\ [T Max distance to homing output cam

—_— ___¥_ _

|

|u.n -

[T Max. dist. to encoder zera mark

£

|u.n -

L

Home pozition coordinate

After the axis has passed the reference cam, the next encoder zero mark triggers axis
homing. The axis position is set in the reference point to the value defined at the Position
input parameter of the "MC_Home" technology function.

Meaning of the various parameters:

Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Reference cam and encoder zero mark"

Direction of motion

Positive direction

The axis is only homed with positive approach direction to the
encoder zero mark.

Negative direction

The axis is only homed with negative approach direction to the
encoder zero mark.

Current direction

The axis is homed when it reaches the next encoder zero
mark.

Logical address of reference
cam

[byte address]

Logical byte address of the reference cam

You can connect the reference cam to the integrated inputs of
the Technology CPU, or to the 10 on DP(DRIVE).

Bit number [Number of the bit] Bit address of the signal used for the reference cam
S7-Technology
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Parameters

Value

Explanation

Maximum distance to homing
output cam

deactivated

The distance to reference cam detection is not monitored

Activated

Monitoring of the distance between the start of the homing
function and detection of the reference cam. If the difference in
this distance exceeds the configured value, the corresponding
technology DB returns error 807D. The homing function is
canceled.

Maximum distance to encoder
zero mark

deactivated

Distance to go to the encoder zero mark is not monitored

Activated

Monitoring of the distance an axis travels between the
reference cam and the encoder zero mark

If the difference in this distance exceeds the configured value,
the corresponding technology DB returns error 807D. The
homing function is canceled.

Passive homing mode with "External zero mark only"

Homing required: fes j

Honning maode: IE:-:ternaI zero mark only

On the external zero mark, zide: ILeft

Dhrechion of matian:

Poszitive direction

[ Max distance to ext. zero mark

v

e IEI.EI i

A

Haome pozition coordinate

Axis homing starts with the detection of the external zero mark. The axis is set to the value of
the Position input parameter of the "MC_Home" technology function.

Meaning of the individual parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute
absolute motion commands.
Homing mode - In this case: "External zero mark only"
Direction of motion Positive The axis is only homed with positive approach direction to the
direction external zero mark.
Negative The axis is only homed with negative approach to the external
direction zero mark.
Current The axis is homed when it reaches the next external zero
direction mark.
On the side of the external zero mark left Direction of movement: Positive direction
Axis homing is triggered at the positive edge.
Direction of movement: Negative direction
Axis homing is triggered at the negative edge.
right Direction of movement: Positive direction
Axis homing is triggered at the negative edge.
Direction of movement: Negative direction
Axis homing is triggered at the positive edge.
Max. distance to external zero mark deactivated Distance to go to the external zero mark is not monitored
Activated The function monitors the distance an axis travels between the

start of its homing function and detection of the external zero
mark

If the difference in this distance exceeds the configured
distance the corresponding axis technology DB indicates error
801D. The homing function is canceled.

Note

e For homing with "external zero mark", connect the external zero mark as digital
measuring input to the drive component.

¢ In order to be able to execute the reference point approach in "external zero mark"
homing mode as required, you should always set values at "Direction of movement" and
"on the side of the external zero mark" which are compatible with drive configuration or
functionality. The "on the side of the external zero mark" and "Direction of movement"
parameters are not used to configure the measuring function in the drive and only reflect
their functionality.

¢ For information on the configuration of external zero mark detection, refer to the relevant
product information or to the drive manuals.
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Passive homing mode with "Encoder zero mark only"

e &
Encoder zer mark anly |_

Current direction |_

Homing mode with "Zero mark only" is used for axes, for example, which are equipped with
an encoder that outputs only one zero mark signal within the entire traversing range of the
axis

Axis homing starts with the detection of the encoder zero mark. The position value of the
axis is set to the value of the Position input parameter of the "MC_Home" technology
function after the encoder zero mark is detected.

Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Encoder zero mark only"

Direction of motion

Positive direction

The axis is only homed with positive approach direction to
the encoder zero mark.

Negative direction

The axis is only homed with negative approach direction to
the encoder zero mark.

Current direction

The axis is homed when it reaches the next encoder zero
mark.

Maximum distance to encoder zero
mark

deactivated

Distance to go to the encoder zero mark is not monitored

Activated

The function monitors the distance an axis travels
between the start of its homing function and detection of
the encoder zero mark

If the difference in this distance exceeds the configured
distance the corresponding axis technology DB indicates
error 807D. The homing function is canceled.

Passive homing mode with "Default"

When a new axis is created in S7T Config, the Defau/thoming mode is preset.

Homing mode with encoder zero mark only is used if the configured encoder provides a zero
mark. Homing mode external zero mark only is used if the encoder does not provide a zero

mark.
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10.4 Positioning behavior with passive homing

The following examples show the response of the end position with passive homing with the
motion commands "MC_MoveRelative" and "MC_MoveAbsolute":

Positioning behavior with passive homing with "MC_MoveRelative"

1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
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An MC_MoveRelative command 7000 is started for passive homing.
1. The MC_MoveRelative command and passive homing start at the same time.

2. When the yellow marked homing position 200is reached, the axis is homed and the
position of the axis is set to position 0.

3. The axis moves by the remaining relative distance to position 800 (7000-200).
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Positioning behavior with passive homing with "MC_MoveAbsolute"
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An MC_MoveAbsolute to position 7000 command is started for passive homing.
1. The MC_MoveAbsolute command and passive homing start at the same time.

2. When the yellow marked homing position 200is reached, the axis is homed and the
position of the axis is set to position 0.

3. The axis moves to position 7000in accordance with the new homing point.

4.510.5 Direct homing

The actual axis position is set to the value defined at the MC_Home technology function. No
reference point shift settings are active. The function does not execute a motion. The axis is
homed when the command is executed.

Start of the homing function

MC_Home Mode = 3 Direct homing:
Position = x The current position is assigned the value of the Position input
parameter.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone= TRUE .
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4510.6 Position correction

A correction value is deducted from the actual position value of the axis. By contrast to other
homing modes, the axis maintains its homed state (homed / not homed) in this case.

The position correction function can also be used to manipulate the setpoints of the various
coordinate systems (base coordinate system, superimposing coordinate system). This is of
significance for superimposing camming in order to be able to generate a reference within a
cam disk.

Start of the homing function:

MC_Home Mode =4 Actual value correction:
Position = x Position value = (current position) - (parameter position).
Mode = 6 Setpoint correction in the base coordinate system:
Position = x Position value = (current position) - (parameter position).
Mode = 7 Setpoint correction in the superimposing coordinate system:
Position = x Position value = (current position) - (parameter position).

Position correction does not influence the Stafusword.HomingDone status in the axis
technology DB.

4510.7 Motions with non-homed axes

You determine whether absolute positioning is to be available for a non-homed axis in the
Axis > Homing dialog box.

Optional settings for "Homing required":

e No: Relative and absolute motions are possible. The Software limit switches (Page 149)
are monitored.

® Yes: Relative motion only. The software limit switches are not monitored as long as the
axis is not homed.
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4.5.11 Monitoring functions

4.5.11.1 Monitoring functions - Overview

Axis monitoring functions you can configure in S7T Config:

Monitoring functions Speed-cqntrolled Positioning axis Synchropization
axis axis

Velocity error monitoring (Page 187) X - -
Positioning monitoring (Page 184) - X X
Following error monitoring (Page 185) - X X
Standstill signal (Page 186) X X X
Software limit switch (Page 288) - X X
Hardware limit switch (Page 286) X X X
Synchronization monitoring (Page 321) - - X
Manipulated variable monitoring (Page 1187) (always X X X
active)

Encoder limit frequency monitoring (Page 919) X (only with X X

encoder)
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4.5 Configuring electrical axes

The figure below shows an example of positioning axis monitoring:

Feed-forward

control
o + Manipulated variable s
o @ > Controller [—— | monitoring g
i Speed (torque) g
Control loop
model
L J
Y — 5
Frequency limit @
(Acceleration limit) - S
. - Position monitoring Mechanical limits |
Dynamic follow-up - Standstill monitoring I 7 K
error monitoring €ro mar
£
s
k=)
2

Errors are reported in the ErrorStatus parameter of the technology DB.
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45.11.2 Monitoring functions - Positioning and standstill monitoring

Set the limit values for monitoring the positioning of position-controlled and synchronization
axes in the "Positioning and standstill monitoring" tab of the Axis > Monitoring functions
dialog box.

Pozitioning monitoring

Fozitioning window: I'I.EI i
S ' . .
N Fozitioning tolerance time: |1.EI 3
i
1 [
Standstill window: (1.0 mm
-t
______ I | e S
MOTION_DONE !
x2 _
+ TI[ | Setpt.
Actwal,
L J
EMD_OF_INTERPOLATIOM Tolerance tirme ||:|.|:| 2
[when leaving the stand:till

Standsztill monitoring i el s I':'-':'

[in pozitioning window [*1]]:
[¥1]: If the actual value leaves the positioning window during the: minimunmn dwell ime, the pozitioning tolerance time iz restarted.

[*2]: Start of standstill moritaring

The "Positioning and standstill monitoring" tab shows whether the Positioning or
Synchronous operation technology is set for the axis.

Positioning monitoring

At the end of a positioning motion, the function monitors the axis entry to the target position.
For this purpose, a positioning window and a time tolerance within which the end position
must be reached are specified. Monitoring is activated at the end of setpoint interpolation.

You can also set a minimum dwell time in the positioning window to expire before the
positive feedback of the positioning command is activated. This time can be used for
oscillating processes and control loops, for which the tolerance window should be less than
the overshoot amplitude.

A positive feedback for the positioning command is output when the actual value reaches the
positioning window.

The axis technology DB returns error 8079 if the positioning monitoring function is triggered.
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Standstill (zero-speed) monitoring

Standstill monitoring is enabled when the position setpoint of a positioning command equals
the value of the target position, and the delay of standstill monitoring activation has expired.

Standstill monitoring is triggered if the axis moves out of the configured standstill tolerance
window for any time longer than the configured period. The axis technology DB returns error
8018 if standstill monitoring is triggered.

45.11.3 Monitoring functions - "Following error monitoring" tab

S7-Technology

Dynamic following error monitoring can be enabled in the "Following error monitoring" tab of
the Axis > Monitoring functions dialog box.

The following error monitoring on the position-controlled axis is performed using the
calculated following error. The axis technology DB returns error 8076 if the offset between
the actual position value and the position setpoint exceeds the programmed following error
limit. The permitted following error depends on the velocity setpoint of the axis.

At velocities less than the configured minimum the permitted following error is constant and
is programmed at the "constant following error" parameter. Above this limit, there is a linear
increase of the following error to a maximum value which is defined by the parameter
"maximum permitted following error" at maximum velocity. The permissible maximum
following error is reached at maximum velocity.

v Diwnamic following ermor monitoring active

b asirnurn perm. _
fallowing errar: & Following error

I'IEIEI.EI mm

Calculated

following eror:

|8.1 BI265  mm
Corgtant Enter welocity:
fallawing errar:

|1 0o [ I s

Set velocity

bl aw. welocity:

Finimum welocity for dynamic
fallowing error manitaring: 104 mm.’s IEDD'EI mm.’s

If you specify a value in the "Enter velocity" input box, the corresponding function value is
displayed in the "Calculated following error" box. This allows you to control how large the
following error may be at the entered speed.

The "Following error monitoring" tab is shown for position-controlled real axes.
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45.11.4 Monitoring functions - "Standstill signal" tab

The velocity threshold and the "Signal output delay" can be set in the the "Standstill signal”
tab of the Axis > Monitoring functions dialog box.

The standstill signal sets the standstil/bit in the status word of the technology DB if the
current velocity is below the configured velocity threshold at least for the duration of the set
delay time.

At speed-controlled and positioning axes the override is activated in speed-controlled mode.
At the positioning axis, the override is activated when the positioning window is reached.

Standstill zignal

Yelocity threshald standstill zsignal; |20.0 e

£
¥

i
[IS

=il

¥

Signal output delay time: I'I 002 %

S7-Technology
186 Function Manual, 03/2008, A5E00251798-06



Configuring
4.5 Configuring electrical axes

45115 Monitoring functions - "Velocity monitoring" tab

Enable velocity error monitoring in the "Velocity error monitoring" tab of the Axis > Monitoring
functions dialog box.

Velocity error monitoring is only relevant to these axes:
e Speed-controlled axis with encoder

® Positioning axes operating in speed-controlled mode
("MC_MoveVelocity" - input parameter PositionControl = FALSE)

¥ “elocity eror monitaring

b aximunn velocity deviation: Im e

Adjustment via velocity controller equisalent
time:

+ N
—- x_" >} -

Setpt.

At veal.

Velocity error monitoring
Enable velocity error monitoring in this dialog.

Maximum velocity error:
This input box is only visible if velocity error monitoring is enabled.

Enter the maximum velocity error in this dialog.

45.11.6 Manipulated variable monitoring

The maximum values of the manipulated variables are limited for monitoring configured
speed limits. The technology DB returns a warning if the values of manipulated variables
exceed a configurable maximum.

The maximum possible acceleration and maximum torque are monitored by monitoring the
gradient of the manipulated variable.

You define the maximum values of the axis in the Axis > Limits dialog box, "Position and
velocity" tab.
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4.6 Configuring hydraulic axes

4.6.1

Requirements in HW Config
e A Technolog

Configuring hydraulic axes - inserting an axis

y CPU was configured

® An analog control output (analog output module, or analog drive interface IM 174/ADI4) is

configured

® An encoder is configured (analog encoder, incremental or absolute encoder)

® The configuration was saved in HW Config

Note

Set "Standard telegram 3" in HW Config when using analog drive interface IM 174/ADI4.

Call "DP Slave properties" in HW Config by double-clicking the IM 174/ADI4 object.
Select the "Standard telegram 3" from the "Default" drop-down list in the "Configuration"

tab.

Inserting a new axis in S7T Con

fig

The next steps show the basic procedure of inserting and configuring an axis, based on the
example of a hydraulic positioning axis. A hydraulic axis can only be inserted as real axis.

Step Description

Technology Edit  [nsert

1. In the Navigator of S7T Config, double-click "Insert axis".
f=+S7T Config - 3177_D4_bASIMATIC 300(1)\Technology

Target syztemn Yiew  Options Windo

=& N7
- Inzert single driv
= SIMATIC 300(1)
=-EE Technaology
Bl &%ES

EI_I CobdS

+-{_] MONITOR

EI_| EXTERMNAL EMCODERS

LY Ingert external encoder

9 |nzert cam
Eleﬂ SIMODRIVE_B1TU_DP2_DP3

x

=
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Step Description

2. Select the "Speed control" and "Positioning" technologies in the "General" tab.
You can edit the name, enter an author, define a version name, and enter a comment. "Technology Objects
Management" applies the name of the technology object as symbolic name to the technology DB of the object
in STEP 7.

3. Click "OK" - this opens the axis wizard.

Note

You define the axis technology (speed, positioning, synchronous operation) once when you
configure a new axis. In order to change the axis technology at a later time, you must delete
and recreate the axis.
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4, Select a "linear," or "rotary" as well as "hydraulic" axis type in the next dialog box. The valve type is defined as
a"Q valve".

Click "Next".
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5. Select the physical units for axis configuration and for the user program from the list in the next dialog box.
Axis conhguration - Axnis_1 - Units |
¥|Hame ik
W s |
R Physical quantity Unit -
i aduln Pozition _ ITIT .
WIDrive assignment & Incrementsfpu:usrtmn 1000t
4 I I » Welocity minis
Acceleration mim/s*
Jerk mim/s*
Fatio g
Time =
Speed 1r=
Leadzcresw pitch mimsrot
Angle ° LI
Caution | ;I
If your change the systemn of wnitz, the configuration and spstem
vanablez will be converted [rounding errors are pozsible] but the data
it the programs will not be considered. _I
-

< Back I Continue » I Cancel Help

Note:

The physical unit settings only apply to this axis. The list may also show physical units which are irrelevant to
this axis due to the axis configuration.

Example: The value "1000.0" with positioning unit in [mm] set at input parameter Position of the
MC_MoveAbsolute" technology function is equivalent to a position value of 1000.0 mm.

Caution:
Numerical values set in the user programs (for motion commands, for example) are not converted into the new
units if you change the unit settings. The values always refer to the configured unit!

Click "Next".
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6. Set the "Modulo axis" check box, and then type in the required modulo length and start value if you are going to
operate the axis in modulo mode.

Axis configuration - Axiz_1 - Modulo |

[w]MHame
W]tz type
[w] LI itz

@Dduln aniz

[10rive azzignment |
T | | 3 Act pos. value starks again at ||:|_|:| mm [Madul start value)
O after I'”:":":'-':I mm  [Modula length]

“r'ou zpecify the value range of the encoder on thiz page. ;I

< Back I Continue > I Cancel Help

Click "Next".

For further information about the procedure, refer to the chapters listed below:

e ['Configuring hydraulic axes - Q output via IM 174/ADI4" (Page 193)

e ['Configuring hydraulic axes - Q output via analog output module' (Page 199)
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4.6.2 Configuring hydraulic axes - Q output via IM 174/ADI4

Configuring the Q output for analog drive interface IM 174/ADI4

The description below is based on the chapter "Configuring hydraulic axes - Inserting an
axis".

1. Define the properties of the analog output module in the next dialog box.

Axis configuration - Axiz_1 - Configuration of Q-output

"Which output device are you uzing'? ]
[w]M ariie - I ADN4 j -
[w] iz bype
W Urits Log. H'W addresses: [Fpu; I255 Qutput; |25E
[t odula “wihich message frame type do pou want bo use for data transfer?

I DPF_meszage_frame_3 j

[~ Output walue inverted

< Back I I:::untinue>l Cancel | Help |

Which output device are you using? | Select the analog drive interface IM 174/ADI4.

Output Select the analog output of the drive interface.

log. HW addresses. Input, outout The logical addresses can not be edited, as these are defined by the
selection of the analog output.

Which message frame type do you | Only "Standard telegram 3" (here, "DP_Tel3") is permitted as message
want to use for the data transfer? | frame type. The message frame must match the selection in HW Config.

Output of the inverted value Set this check box to set invert control output to the hydraulic drive.

Click "Next" when you completed your selection.
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2a.

Assign an incremental sensor to the hydraulic axis in the subsequent dialog box. The encoder must support

"rectangular TTL" mode.

For information on using analog absolute encoders, refer to the chapter Configuring hydraulic axes - Q output
via analog output module (Page 199).

If you are using an absolute encoder, continue at step 2b.

Where is the position encoder
connected?

Select the encoder interface of drive interface module IM 174/ADI4.

log. HW addresses. Input/output:

The logical addresses can not be edited, as these are defined by the
encoders selected.

Which message frame type do you
want to use for the data transfer?

Only "Standard telegram 3" (here, "DP_Tel3") is permitted as message
frame type.

Encoder type:

Select "Incremental encoder" from the drop-down list.

Measuring system:

Select "Linear encoder system" or "Rotary encoder system", depending
on the encoder used.

Click "Next" after you completed your settings.

194
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3a.

Configure the encoder data in the following dialog box.

Encoder resolution:

For information on the encoder resolution, refer to the encoder
documentation.

Multiplication factor of the cyclic
actual value

Calibrate the multiplication factor of the cyclic actual value based on the
values used in the configuration of the drive component.

Click "Next" after you completed your settings.
You have successfully completed the axis configuration.
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2b.

Assign an absolute encoder to the hydraulic axis in the subsequent dialog box. The encoder must support "SSI"

mode.

Axis configuration - Axis_1 -

(W] iz type :I
[w] LIriit=

[w] b oduili J
[w] Configuration of G-
KN

Encoder assignment

“Where iz the pozition encoder connected?

A014 - Encoder 1

Log. Hw' addresses: [rput; |25E Outpu; |25E

Which meszage frame twpe do you want to usze for data transfer?

IStandard mesgage frame 3 j
Encoder type: I.-’-'-.I:usu:ulute encoder j
Measuring system: ILinear encoder syztem [linear zcaleg] j

“r'ou can zet the encoder uzed faor this axiz on this page. vou can ;I
alzo zelect zpecial connection types of the encoder. _I
>

< Back I Confinue » I Cancel | Help

Where is the position encoder
connected?

Select the encoder interface of drive interface module IM 174/ADI4.

log. HW addresses. Input/output:

encoders selected.

The logical addresses can not be edited, as these are defined by the

Which message frame type do you

want to use for the data transfer? | frame type.

Only "Standard telegram 3" (here, "DP_Tel3") is permitted as message

Encoder type: Select "Absolute encoder" or "Absolute encoder cyclic absolute" from the
drop-down list
Measuring system: Select "Linear encoder system" or "Rotary encoder system", depending

on the encoder used.

Click "Next" after you completed your settings.

196
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3b. In the next dialog box, define the grid division of the used encoder as well as the multiplication factor of the
cyclic actual value. Calibrate the multiplication factor of the cyclic actual value based on the values used in the
configuration of the drive component.

Grid spacing The grid spacing describes the distance per encoder pulse.
Multiplication factor of the cyclic Encoders connected to a drive can provide pulses with a higher resolution
actual value than the actual encoder resolution (fine resolution).

The multiplication factor of the cyclic actual value is set to 0 by default.
The system automatically uses multiplication factor 2048 (2'1).

Example of a deviating value:

The absolute encoder connected to the drive returns 4096 (2'2) pulses
per revolution (encoder resolution). In this case, enter multiplier 72for the
cyclic actual value.

Multiplication factor of the absolute | The encoder actual value transferred at power on (startup) is multiplied by
actual value the multiplication factor of the absolute actual value.

The multiplication factor Ois set by default for the absolute actual value.
The system automatically uses multiplication factor 572 (2.

The multiplication factors also have to be set at the drive!

o At SINAMICS S120: Parameters p04718 and p0419 (for encoder 1);
(effective value can be read in r0979.3 and r0979.4)

e At SIMODRIVE 611U: Parameters 7042and 7043 (for encoder 1)
e At Masterdrives MC: Parameter 777

Number of the data bits: Total number of pulses
Example:

4096 pulses = 212

Exponent 12 = 72data bits
Click "Next" after you completed your settings.
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End

You have successfully completed the axis configuration.

Exit the axis configuration dialog by clicking "Finish".

198

Note

Conditions of enabling the hydraulic axis with position control using technology function
"MC_Power":

e The hydraulic axis must be assigned a cam disk as valve profile in S7T Config.

e The valve profile must be activated by the "MC_SetCharacteristic" technology function.
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46.3 Configuring hydraulic axes - Q output via analog output module

Configuring the Q output for an analog output module of ET 200M or ET 200S

The description below is based on the chapter "Configuring hydraulic axes - Inserting an axis
(Page 188)".

1. Specify the properties of the analog output module in the subsequent dialog box.
Axis configuration - Axis_E |

W'hich output device are pou uzsing?

[ Auiz type I.-'i'-.nalcug output module j
[w] LI riits
¥Modulo Log. Hw addresszes: Clutpuat; Iz?4
[w]E nooder azsignmer
4 I I 3
Format: | Left-ustified =]
[~ Output walue inverted Resolution; |15 Eit

V¥ Activate output for valve releaze

Logical address: IEEIEI Eit mumber; IEI

=
[

< Back Continue » Cancel | Help |

Which output device are you using? | Select "analog output module" from the drop-down list.

log. HW addresses. Output: Enter the HW address of the analog output module of ET 200M or ET
2008S.

Format: Select the "left aligned" format for the analog output modules of ET 200M
and ET 2008S.

Output of the inverted value: Set this check box if the analog value is reciprocal to the flow.

Resolution: For information on the resolution, refer to the hardware catalog of "HW

Config" (unsigned resolution).

Activate oulput for valve enable: Set this check box to use the enable status of technology function
"MC_Power" as control signal.

Logical address: If the "Valve enable output" check box is activated, you can set the logical
address of the enable output signal here.

Bit number: Enter the bit number for the enable output signal.

Click "Next" after you completed your settings.
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2. Parameterize an analog absolute encoder for the hydraulic axis in the subsequent dialog boxes. For information
on using incremental encoders (rectangular TTL) and absolute encoders (SSI), refer to the chapter "Configuring

hydraulic axes - Q output via IM 174/ADI4 (Page 193)".

Where is the position encoder Select "Encoder value input module" from the drop-down list.

connected?
log. HW addresses. Input:

Enter the HW address of the analog input module of ET 200M or ET
2008S.

Click "Next" after you completed your settings.
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3. Parameterize the position value in the subsequent dialog box.

Factor: / Offset: Set the Facforto define the gradient of the position value, and set the
Offsetto define the shift.

Number of utilizable bits. Enter the number of utilizable data bits of the analog module.

Format: Select "left aligned" for the analog modules of ET 200M and ET 200S.

minimum raw value: Enter the minimum raw value of the analog module.

maximum raw value: Enter the maximum raw value of the analog module.

Error tolerance time: Enter an error tolerance time.

Activate filter: Set the check box to apply a PT1 filter to the analog value of the position.

Time constant PT1 filter You can enter a time constant for the PT1 filter if the "Activate filter" check
box was set.

Click "Next" after you completed your settings.
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You have successfully completed the axis configuration.

Exit the axis configuration dialog by clicking "Finish".

202

Note

Conditions of enabling the hydraulic axis with position control using technology function

"MC_Power":

e The hydraulic axis must be assigned a cam disk as valve profile in S7T Config.
e The valve profile must be activated by the "MC_SetCharacteristic" technology function.
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46.4 Determining and adding a valve profile

The non-linearity between the valve's manipulated variable (-10 V to +10 V, for example) and
the velocity of the hydraulic axis is mapped using the valve profile. The "cam disk"
technology object is used as valve profile. The valve profile is formed by pairs of values
which map the valve position relative to the velocity reached.

Determining a valve profile using the Symbol Browser and the Trace tool

Verify that the hydraulic axis can be moved (hydraulic pressure present, valve ready, etc.).

Verify that the hydraulic axis was not assigned a valve profile ("Profiles" setting in the Navigator of S7T Config).

Enable the hydraulic axis by calling the "MC_Power" technology function in Mode = 2.

bl R

Program the following variables in S7T Config for the recording in Trace:
e acfordata.qoutputvalue - Manipulated variable as percentage relative to the Q output
e sensordata.sensordataln].velocity - Velocity of the hydraulic axis

o

Set system variable servosetftings.additionalqoutputvalueswitchto YES in the symbol browser of S7T Config.
6. Start Trace.

7. Enter a small percentage at system variable servoseftings.additionalqoutputvalue in the symbol browser to
move the axis. Enter value 0to stop the axis.

8. Enter values between 0 % and 100 % in succession in order to obtain a sufficient number of interpolation points
for the valve profile.

9. In S7T Config, transfer the recorded values to the cam disk of the valve profile using CamEdit. Transfer the
manipulated variable to the "Master" column and the velocity value to the "Slave" column.

Determining a valve profile using a STEP 7 program and Trace

Verify that the hydraulic axis can be moved (hydraulic pressure present, valve ready, etc.).

Verify that the hydraulic axis was not assigned a valve profile ("Profiles" setting in the Navigator of S7T Config).
Enable the hydraulic axis by calling the "MC_Power" technology function in Mode = 0.

o Id =

Program the following variables in S7T Config for the recording in Trace:

e aclordata.qoutputvalue - Manipulated variable as percentage relative to the Q output
e sensordata.sensordataln].velocity - Velocity of the hydraulic axis

Start Trace.

6. Move the axis at different velocities using the "MC_MoveVelocity" technology function with
PositionControl = FALSE.

Caution: The velocity displayed in sensordata.sensordataln].velocity does not necessarily coincide with the
default velocity set at "MC_MoveVelocity" as you have not yet activated a valve profile.

o

You can stop the axis at a defined position in order to prevent the drive from moving to a fixed end stop. Use
technology function "MC_Stop" to set this position.

7. Set several velocity values up to maximum in succession in order to obtain a sufficient number of interpolation
points for the valve profile.

8. In S7T Config, transfer the recorded values to the cam disk of the valve profile using CamEdit. Transfer the
manipulated variable to the "Master" column and the velocity value to the "Slave" column.

Instead of using CamEdit to create the cam disk you can also use the "MC_CamClear",
"MC_CamSectorAdd" and "MC_Camlinterpolate" technology functions.
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Example - Profile of a proportional directional valve

Enter the valve control output as a "%" unit in the "Master" column. The "Slave" column
contains the corresponding velocity values of the hydraulic axis.
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Example - Valve profiles for a variable speed pump with switching directional valve

In a system containing a variable speed pump with switching directional valve, negative
motion directions are achieved by controlling the switching directional valve. Use separate
valve profiles for the positive and negative direction of movement.

Example of a valve profile for positive direction of movement:

[N camEdit - [Cam_2 7] M=l
.......................... . Ellnterpulatinnl |”tE’F":'|ELI_’I Help I Uploaded cam
Master Slave |7 =} Wigplay Acnent |
1]-0.01 1]
2|0 0 Dannla V' Draw basic for
F3|0.113 25
a0 225 = 8= [ Dvaw scaled and offzet
5)0.445 4 1000 v v v v ! !
G|0E7S a0 : : : : ' ]
7|03 B0 sl E COTTTTTT S
gl1.12 66 200 E R R benedaans
q)2.33 115 : { : : ' i
1033 163 700 SRR R pTTTATeens
11]6.754 280 B0 e AR SR SR N
12|5.26 F3G : : : : ' i
13]2.53 384 L e A
| 1= 2 =00 A00 N
13)14.585 265 : : : : ' i
16 {100 1000 300 wes SR i S R
200 T
100 . e ——-E
I:IIIIIIIIIIi ilIIIiIIIIiIIIIiIIIIiIIIIiIIIII
40 O B0 70 8O0 30 100
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Enter the valve control output as a "%" unit in the "Master" column. The "Slave" column
contains the corresponding velocity values of the hydraulic axis. Any negative control values
which may briefly develop due to control functions are limited to Oin row 1.

Example of a valve profile for negative direction of movement:
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[N camEdit - [Cam_3 "]

| Interpnlatiunl Interpal. 4 I PI

Help

(et rad

| Uploaded cam
|V =} Display

I [=] E3

SEEEmt

| plead

Master Slave

1]-1 0
2|0 0
3|0.255 -1a
410508 -24
S11.01 -34
El|1.52 -4
7|1.82 -50.5
812.375 -E0
91506 -110
10)5.53 -170
1111426 -276
1211712 -326
13|20 -378
14]22.81 -425
15| 25.585 472
16| 258,35 -518
17100 -1000

I

i S e ' 2 E

¥ Draw basic form

[ Draw scaled and affzet

20 30 40 &0

ED 70 80 390

100
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The structure of the valve profile for negative direction of movement corresponds to that of
the positive direction of movement. The first value pair also limits negative manipulated

variables to 0.

Activate the relevant valve profile in the user program by calling the "MC_SetCharacteristic"
technology function, depending on the direction of movement.
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46.5 Assigning the valve profile

Assign the corresponding cam disk to the hydraulic axis as possible valve profile in order to
let you activate a valve profile by calling the "MC_SetCharacteristic" technology function.

1. To do so, double-click "Profile" in the Navigator of S7T Config.
E--% Tech_CPU_en
*._'l Inzert zingle dive
- SIMATIC 300(1)
=-E@ Technology
[
% Inzert axis
E'ﬂ_'_h Hiz_1
-l ADIA
----- % Configuration
----- > Mechanics
----- > Default
----- > Limits
----- » Closeddaop contral
..... » Homing
----- > Manitaring
..... )

- Awiz_1_SYMCHROMOUS_OPERATION

2. In the next dialog box, select the cam disks to use as valve profile for this hydraulic axis.

Walve characteristics |

Pozzible valve characterniztics:

| I arme | Cam type | Device |
Cam_1 Cam configuration  Technology
O cam 2 Cam confiquration Technalogy
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4.6.6 Adding a data record for data record changeover

Introduction

Prerequisite

208

The "MC_ChangeDataset" technology function can be used to perform a data record
changeover at an axis. You can create data records for speed-controlled axes, positioning
axes and synchronization axes. Virtual axes always have only one data record.

The data record changeover function can be used, for example, to toggle between the motor
encoder and the machine encoder, or to edit controller parameters.

Note

When editing data record parameters, note that certain parameters must be identical in the
data records:

e Parameters changing the structure (different controller types such as PV or PID
controllers, for example)

e Important activating parameters (following monitoring on/off, DSC on/off, for example)

The consistency check reports any illegal technology parameter settings when you configure
data records in S7T Config.

® The axis is configured.
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Adding a new data record

To configure a new data record:

Step Description

1. In the Navigator of S7T Config, open the configuration dialog box of the axis to which you want to add a data
record.

2. Set the "data record changeover" check box.

The check box is hidden if the axis already contains several data records.
3. Click "Add".
Result: A new data record is added to the axis.

4. Click "Configure active data set."
Result: The Axis Wizard appears.

5. Use the axis wizard to configure the data record.

Note: The technology used is set once when you create the axis. You can not use a second data record to
change the axis technology.

6. You may also perform an encoder changeover using the data record changeover function. Do so by setting the
"enable encoder changeover" check box on the "Axis configuration - Encoder assignment" dialog box. Ignore
this step and the next otherwise.

Click "new encoder" to create the second encoder.

Result: A drop-down list opens from which you can select an encoder for this data record.
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Step Description
7. Select the connection and message frame type for the second encoder. In the final step, enter the encoder
information ("Encoder type", "Encoder mode" and "Measuring system").
For the encoder configuration select settings from the documentation of the encoder or configuration settings of
the drive components to which the encoder is connected.
Axis configuration - Azis_1 - Encoder assignment |
¥ | &ctivate encoden switehover
“Wwhich measuring system are you using?
Encader 2 Mew encoder | Femove |
Where iz the encoder connected?
|SIMODRIVE_E11U_DF2_DP3 |
Log. Hw' addreszes: [rput; |25E Outpu; |25E
Which meszage frame tppe do you want to uze for data transfer?
I kezzage frame 102 j
Encoder ype: IIncrementaI encoder j
Encoder made: IFiectanguIar TTL j
beazuring syztem: IHntar_l,l encoder system j
Click "Next". Continue by editing the steps in the wizard to complete the configuration.
8. In the axis configuration dialog box, select the data record to be loaded after CPU startup ("active after

startup").

¥ | [Vata zet changeover

dizplay: Active after ramp-up:

Data zet; |1 vI

M arme: .":".HiS_-I

Froc. cocle clock: I IFO j

Result: The "Encoder" table shows an overview of the configured encoders of the axis.

Deleting the data record of an axis

You start to delete a data record by selecting it from the axis configuration dialog box. Next,
click "Delete". The data record is deleted.

Selecting a data record

210

Select the data record to be edited from the "Display data record" drop-down list. This
selection is available in all dialog boxes of the axis.

Select the data record which is used by default after startup from the "Data record active
after startup”.
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sensordata.sensordata[n].incrementalposition

Actual value logging

The diagram below shows the preparation of the actual value of an axis or external encoder
in the Technology CPU.

Sensor /

encoder

A 4

Standard-
ization

A 4

Position value filte
TypeOfAxis.
NumberOfEncoders,

4.6 Configuring hydraulic axes

positioningstate.actualposition

sensordata.sensordata[n].position

Encoder_n.
AnalogSensor.
PositionFilter

Only with analog absolute encoders

S7-Technology

Actual value
position

Filter
TypeOfAXxis.

NumberOfEncoders.
Encoder n. Filter

Including Actual value
» .

| Reference pointl » le?\;ncpen(s;zrﬁgp
Mode=4

sensordata.sen

sordata[n]. velocity

motionstatedata.
actualvelocity

A 4

Differentiation

\4

Limit value
monitoring

Filter
TypeOfAXis.

SmoothingFilter

motionstatedata.

actualaccele

ration

Differentiation

sensordata.sensordata[n].acceleration

Mean value
generation

Actual value
acceleration

Data are logged within the position control cycle. These data can be used to calculate further
variables such as velocity and acceleration.

The system variables sensordata.sensordata/n].incrementalposition and
sensordata.sensordatafn].position are calculated in the position control cycle clock. All other
system variables are calculated in the corresponding execution cycle clock of the axis or
external encoder. For external encoders, the system variables sensordata.sensordata/nj....
are called sensordata... .

You use the TypeOrAxis.NumberOfEncoders.Encoder_n.AnalogSensor.PositionFilter
configuration data element to activate or deactivate the actual position value. The filter is
only available for analog absolute encoders:
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Configuration data element Significance

TypeOrfAxis.NumberOfEncoders.Encoder_n. | YES

Actual position value activated

AnalogSensor. PositionFilter.enable NO

Actual position value deactivated

AnalogSensor. PositionFilter.timeConstant

TypeOfAxis.NumberOfEncoders.Encoder_n. | Time constant for PT1 smoothing.

The "sensor" velocity filter can be activated/deactivated by means of the
TypeOfAxis.NumberOfEncoders.Encoder_n.Filter configuration data element:

Configuration data element Significance

TypeOrfAxis.NumberOfEncoders.Encoder_n. | YES

Actual value filter activated

Filter.enable NO

Actual value filter deactivated

Filter.timeConstant

TypeOrfAxis.NumberOfEncoders.Encoder_n. | Time constant for PT1 smoothing.

(For external encoders, the configuration data element is called

TypeOfAxis.Encoder_1.Filfer... .

The actual velocity value filter can be activated/deactivated by means of the
TypeOfAxis. SmoothingFilter configuration data element:

Configuration data element Significance
TypeOrfAxis. SmoothingFilter.enable YES Actual value filter activated

NO Actual value filter deactivated
TypeOfAxis. SmoothingFilter.mode You can set the filter calculation method at this

configuration parameter:

DEFAULT _MODE | Averaging as a function of the

ratio: Execution cycle of the
axis / external encoder to the
position control cycle

Example: A 3 7 ratio is set
between the execution cycle
and the position control cycle.
In this case, the mean value is
formed in three position
controller cycles.

AVERAGING Averaging using a time
constant
PT PT1 smoothing using a time

constant

TypeOfAxis.SmoothingFilter. timeConstant Time constant for PT1 smoothing or "AVERAGING".
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46.8 Configuration

4.6.8.1 Configuration - Axis
The Axis > Configuration dialog box shows the axis and drive settings

You can edit these settings in a dialog box by clicking "Configure active data set".

Eﬁﬁxisj - Configuration
¥ Data set changeover
Diizplay: Active after ramp-up:  Encoder:
Data zet 1 1 |'| | Configure dizplayed data zet... I Add |
M ame: I.":".HiS_-I
Proc. cycle clock: IIF'EI j
Technology: IFDIInwing auiz Fodulo: I.i'-.-:tive
Bz type; ILinear axiz [standard/prezsune] Start value: IEI i
Cantraller: IW contraller Length: |1EIEIEI i
Dirive: | 2 type |Heal electrical axis -
- Selected drive iz on the PROFIBUS.
Maximum speed of the drive 30000000 L
Message frame type Message frame 102
I mntiral address for actial wvahies SdR j
Drive data... )
Encoder:; Data =et 1 -~
Encoder Encoder 1
Meszsage frame used Meszzage frame 102
Logical input address 346
Logical output address 346
Encoder type Imeremental encoder ;I
J | i
Cloze | Help |

This dialog box also contains functions for managing the data records for a data record
changeover. If the technology object supports multiple data records, you can:

® (Create new data records

® Delete data records

® Define which data record to load for the technology object during CPU startup, and
® Reconfigure the selected data record.
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4.6.9 Mechanical system

4.6.9.1 Mechanics - Hydraulic axis

You configure the mechanical parameters of the axis and encoder in the Axis > Mechanics
dialog box.

Settings for the axis:

® Drive direction settings

® | eadscrew pitch of a linear axis
® Modulo settings

® Backlash compensation settings
Settings for the encoder:

® Backlash compensation

® Encoder mounting type
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4.6.10 Default

4.6.10.1  Default - "Dynamics" tab

The default values for axis dynamics can be set in the "Dynamics" tab of the Axis > Default
dialog box. The default values are activated if a negative dynamic value is set at a
technology function.

Dyrarmic rezponse

Direction: I Pozitive j

Welocity: I'I oo.o e

Yelocity profile:  [{IEE programmed velocity profile

Jerk: Jerk:

{1000000.0 mm/s* ' - |1000000.0 mm/s

Acceleration: i E Deceleration:

[1000.0 /s : | [1000.0 s
| 1

Jerk: : : Jerk:
| 1

| 1000000.0 mm/e : | [1000000.0 /s

Stopping time: IEI. 1] S

Default values supported:
e Direction

® \elocity

® Acceleration

® Deceleration

® Jerk

® Velocity profile

Stop time

The time set at "Stop time" is in effect when a moving axis is disabled, and if Sfopmode = 2
is set at "MC_Power".
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Velocity profile
The velocity profile defines the response of the axis during startup and when braking, and to
velocity changes.

The technology functions do not use the default value. If you want to change the velocity
profile, use the Jerk input parameter.

You can choose between the following profiles:

® Trapezoidal
The trapezoidal profile is used for linear acceleration in positive and negative direction of
the motion (jerk = 0).

e Constant
The profile shows a constant acceleration, the jerk profile is controllable (jerk <> 0).

4.6.11 Limits

46.11.1 Limits - "Position and velocity" tab

In the "Position and velocity" tab of the Axis > Limits tab you can

e Configure and enable monitoring of the hardware limit switches (Page 147)
e Configure and enable monitoring of the software limit switches (Page 219)
® Set velocity limits

® Set emergency-off deceleration

Poszition and welocity | Dwnarnic response | Fized endstop |

Hardware limit switch ¥ Active
Megative log. address Pozitive log. address

i

Bit number: I i j I 1 j

Software limit switch ¥ Active + I
I-'I Q0000000000000 | mm }"%’ - - "E"{ I'IEIDDDDDDDDDDD.DDEI T

There are bwo different limits:
- Limitz which muzt never be exceeded becauze of mechanical reazonz.
- Limitz which can be modified by prograrms.

M. velocity I5':"1':":":":":":I mms V¥ absolute values

b
Paz. prog. velocity b I'IDDDDDDDDDDEIEI. mmés

Emergency stop delay: | 10000000000 i 5
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Emergency off deceleration

The value set for emergency off deceleration is activated when a moving axis is disabled and
Stopmode = 0 is set at the "MC_Power" parameter.

4.6.11.2 Hardware limit switches

You enable hardware limit switch monitoring in the Axis > Limits dialog box, "Position and
Velocity (Page 146)" tab. Hardware limit switch monitoring is used to limit the operating
range of an axis, or to protect the machine.

Wiring
The HW limit switches can be wired to the four integrated digital inputs of the Technology

CPU, or to I/0 modules such ET 200 or SINAMICS S120 with TM15/TM17 which are
operated on DP(DRIVE).

Traversing range

The permitted traversing range is monitored at the digital inputs of the hardware limit
switches.

Permissible traversing range

% N

Limit P Limit

switch \ switch

Safety range

A
Y

A 4

NOTICE

The hardware limit switch must be implemented as an NC contact.

The hardware limit switches must remain active after the axis has passed the permissible
traversing range until the mechanical end position is reached.
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Retraction

Safety range

218

An axis triggering a HW limit switch is stopped with error messages 8073 and 80485. It is
retracted from the HW limit switch (release motion) as described below:

¢ Manual retraction

The axis is returned manually to the permissible traversing range. The error at the
technology DB can only be acknowledged after it has been returned to this range.

e Retraction with drive

The error at the technology DB of the axis is acknowledged, but the error message and
the LimitSwitchActive bit remain active. The axis can now be returned to the permitted
traversing range. A reverse motion command once again triggers an axis error. The error
messages and the LimitSwitchActive status can be acknowledged after the axis has
moved out of the range of the limit switch.

The current position of the axis is saved upon reaching the HW limit switch is saved. Only
after this position, plus a safety range, has been passed is the axis considered to have left
the limit switch.

NOTICE

The controller may not be switched off after the axis has passed the HW limit switch in
order to avoid a conflict between polarity monitoring of the hardware limit switches and the
overrun monitoring of the hardware limit switches in direction of the valid range. In this
case, the axis is moved into the valid range without hardware limit switch monitoring, and is

then re-enabled.

When the controller is switched on, the axis must be positioned within the valid traversing
range.

Internal states are lost and the configuration is reloaded when the axis passes the hardware
limit switch. Reloading without loss of the approach information is only possible within the
valid range.

Exception: Deactivation of position limit monitoring after a polarity reversal error

The safety range of the HW limit switches is calculated based on the configured resolution of
the system of units of the axis.

Safety range = 1000 / (increments / position)

Example: A linear axis is assigned the position unit "mm" and a resolution (increments /
position) of "1000/unit" in the "Configure units" dialog box, meaning that the axis position is
calculated to an accuracy of 0.001 mm. The safety range in this example is a multiple of
1000 of the accuracy: 1 mm.
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46.11.3 Software limit switch

You can configure the software limits switches and enable the monitoring function in the
Axis > limits dialog box, "Position and Velocity (Page 146)" tab. If the software limit switches
are activated, the traversing distance of the axis is limited with the software limit switches.

Software limit switches should lie within the range of the HW limit switches with reference to
the traversing range in order to limit the working range of an axis, for example.

Monitoring software the software limit switches at start of motion:

® Check box activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the warning 0026 is already displayed in the technology DB of the axis when
the motion is started. In S7T Config the interrupt 40705 is signaled.
The axis travels up to the position of the software limit switch and the error 8074 is
reported in the technology DB.

® Check box not activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the axis traverses until the pPosition of the software limit switch is reached.
Error 8074 is reported in the technology DB (Warning 0026 is not output).

Behavior for travel to software limit switch:

® For position-controlled traversing:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, the respectively active position controlled or speed-controlled mode
remains.

® |n all operating modes:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, an active position controlled mode remains. In speed-controlled mode
the axis changes to position-controlled mode.

Negative position / positive end position:

Enter the positions for the negative and the positive end positions of the software limit
switches in these input fields.

Tolerance window for retraction:

Enter a suitable value in this input field in order to prevent renewed triggering of the software
limit switch error during retraction.

Note

The response of software limit switches is determined by the axis configuration in terms of
the homing function. The limit switches of a configuration requiring a homed axis for the
execution of absolute motion commands ("Homing required: Yes" in the Axis > homing
dialog box) are not monitored if the axis is not homed. By contrast, if the execution of
absolute motion commands is allowed when the axis is not homed ("Homing required: No" in
the Axis > Homing dialog box) the software limit switches are monitored, regardless of the
homing state of the axis.
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4.6.11.4 Limits - "Dynamic response" tab

You can adjust the HW limits (mechanical) and SW limits in the "Dynamic response" tab of
the Axis > Limits dialog box.

The set deceleration limit is activated when a moving axis is disabled and FastSfop = 17is set
at the "MC_Power" parameter.

The status-dependent acceleration model is enabled (default) by setting the "Absolute
values" check box.

The direction-dependent acceleration model is enabled by resetting the "Absolute values™
check box. Additional parameters are displayed in this case.

Position and velocity  Dynaric response | Fiked endstop I

Hardware limits [irmits that muzst not be exceeded far mechanical reazonz];

Acceleration: |1 00a0.0 P Jerk:  |200000.0 I s

Software limitz [limits that can be modified by programs]:
& ' : W absolute values

Acceleration; Deceleration:
Ir'_| pozitive I posgitive
dir. af travel: dir. af travel:

b |1 000000000000, s » I'I 000000000000, mmds

Postive jerk: Megative jerk:
I pogitive I pogitive
dir. of travel: dir. of trawvel:

b I1DEIDDDEIDDEIEIEIEI. ! ¥ I'IEII:IEIEIEIEIEIEIEIEIEIEI. rms?

™ Local stop reaction with jerk

Status-dependent acceleration
® Acceleration
Axis acceleration, independent of the direction of movement
e Deceleration

Axis deceleration, independent of the direction of movement
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Direction-dependent acceleration
® Acceleration

Acceleration in the positive motion direction and deceleration in the negative motion
direction

® Deceleration

Acceleration in the negative motion direction and deceleration in the positive motion
direction

Parameter settings with dynamic direction vector are useful, for example, for suspended
axes.

Local stop reaction with jerk

Set the "Local stop reactions with jerk" check box to execute a stop reaction triggered by an
alarm reaction at the axis, with jerk limiting and rounding.

Emergency-stop deceleration

The set emergency-stop deceleration comes into effect when a moving axis is disabled and
Stopmode = 0Ois set at "MC_Power."
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46.11.5 Limits - "Fixed end stop" tab

The "Fixed end stop" tab of the Axis > Limits can be used to enable fixed end stop detection
and to set the corresponding detection mode:

e Use following error
® Using the force/torque

When the selected condition is met, the "fixed end stop" status is reached. Following error
monitoring is disabled if "Move to fixed end stop" is enabled.

Faozition and welocity I Dynamic resporise Fiked endstop

Fized endstop detection: I".,-"ia following error j

Set posii - i
el pozition Following errar for the fiked

endstop detection;
B — IEU-E‘ i

— —— -

| Paosition tolerance after fined
endztop detection:

l\

Progr. end position Actual pozition at fized
endstop

\

Use following error

Note

When the axis moves onto the fixed end stop, and fixed end stop detection with "use
following error" is set, the entry in "Position tolerance after fixed end stop detection" should
be significantly less than that of "Following error for fixed end stop detection".

Use torque value

The fixed end stop detection function "use torque value" requires that the digital drive
assigned to the axis supports torque limiting, and that a corresponding message frame, for
example, message frame 102 or message frame 105.
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Move to fixed end stop

The "MC_MoveToEndPos function activates the "Move to end stop" function and sets the
clamping torque after the end stop is reached. This operation is also known as "clamping."

The motion is stopped when the axis reaches the fixed end stop and the control remains
active. The setpoint value at the position controller input is held constant. New motion
commands in direction of the clamping position are canceled; new motion control commands
in retraction direction are executed to reduce torque. The position setpoint of the axis is used
as start position of new motion control commands in retraction direction.

The position setpoint of the axis results from one of the following equations, depending on
the fixed end stop detection function:

"Use following error"
Position at fixed end stop + following error

"Use torque value"
Position at fixed end stop + clamping tolerance

Conditions for the "Fixed end stop detection" function

S7-Technology

The "Move to fixed end stop" function is reset when the axis moves out of the clamping
tolerance window.

A new command can also be output to toggle the direction of torque when clamping is
active.

Non-stepped torque transitions and torque retention over a defined time period can be
implemented in the user program, as can definitions of torque profiles.

Moving to the fixed end stop (clamping) can be disabled by setting a reverse positioning
command.

A reversal command MC_MoveToEndPos is not permitted and is ignored.

A mechanical break of the end stop is monitored by means of the actual value of the axis
(clamping tolerance window monitoring).

The torque limit of the drive is set in [N/m] at the 7orque parameter of the
MC_MoveToEndPos technology function.

If the command is active and the fixed end stop is not detected, the system reacts as with
active torque limiting.
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4.6.12 actual value

4.6.12.1  Actual value - "Actual value" tab

Activate actual value filtering in the dialog Axis / External encoder > Actual value on the
"Actual value" tab and set the appropriate time constants.

Eﬂ Technology Axiz_1 - Act_val.

dizplay; Encoder:

Data set; I‘I vI |1_

Act val. | Estrapolation |

v Filter on the actual pozsition value —
Encoder parameter...

Time conztant T1; |1 e-002 p

Time conztant T2 |1 e-002 %

Cloze Help

Filter on the actual position value
Activate the check box if you would like to activate the filtering of the actual position value.

Time constant T1
Here, you set time constant T1 of the PT2 position filter in the actual value system.

Time constant T2
Here, you set time constant T2 of the PT2 position filter in the actual value system.

"Encoder parameter” button
Opens a dialog box in which the encoder data are displayed.
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46.12.2 Actual value - "Extrapolation” tab

Master value / actual value coupling FoIIowing axis

(axis or external encoder with actual value extrapolation) Following object
Sact Sext ,] S |, S
- —»! > > Master [ Synchro- [®| Synchro- Limitations| |
v Filters Extrapola- v value nization/ nous Output
act N tion ext \ »|switchover [ ldesynchro-| | operation v >

| (with nization rule
a dynamics) with
ext
d/dt a [—» dynamics [ a >
(v,2,>x)

If there is a synchronous operation interconnection within a control, the synchronous
operation takes into account the position, velocity, and acceleration of the master value
position.

If an actual encoder value is used as the master value, it is useful to extrapolate the
measured actual value for the synchronous operation in order to compensate for dead times.
Dead times result within the system when measuring actual values, e.g. due to the bus
communication and the system processing times.

The extrapolation is set in S7T Config on the leading axis or on the external encoder in the
dialog Axis / External encoder > Actual value in the "Extrapolation” tab.
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=1 Technology Axiz_1 - Act.val.

|7 Differentiation of the extrapolated master value |_

The parameters of this dialog can also be read from or written to the user program via
technology parameters.
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Actual value coupling with extrapolation (axis and external encoder)

TO Axis / TO External Encoder

Closed-loop control cycle clock

IPO or IPO_2 cycle clock

TypeOfAxis.Extrapolation.

0: ExtrapolationTime <> 0

upling with extrapolation

TO Axis and
External Encoder:

Following object

IPO or IPO_2 cycle clock

Extrapolation time

SV: System variable

i
E ExtrapolationTime : ExtrapolationTime = 0 SV:
: ] i SV: extrapolation currentMasterData.
SV: extrapolationData. ; Extrapola- Data.position value Synchro-
filteredPosition \ | tion with s
i L AX o nous
\ plausibility T locit 3 derivedValue operation
2 ~.veloci =] - .
i check Ty YCOCTY] o= function
! ~.acceleration| > L
i = b
g © .
— Filters : F Av __'% secondDerivedValue
i Tr <
I;I'ypeOflAt)fis. : EyfeOfﬁi_S- 5 Only for TO External
b B - xtrapolation.
Xtrzli:")l(t) o ; ALyREOIXs: extral polated- & Encoder:
ilter ! TypeOfAxis. Extrapolation. Vel Pt Switch °
: g i i ToleranceRange VelocitysSwitcl s . :
) SV: extrapolationData. jExtrapolation. Filters 0: Hysteresis not active © FOIIOWIng ObJeCt
Active filteredVeloci 1 PositionFilter X N =
X ilteredVelocity . 1: Hysteresis active x
actual 5 | () IPO or IPO_2 cycle clock
value O (N L 3
system sv: £ v
IAxis: positioningState.actualPosition 2 currentMasterData.
Ext. encoder: motionState.position _ 8’ _ |value Synchro-
AXis: motionStateData.actualVelocity % nous X
\ Filt Ext. encoder: motionState.velocity| 3 ~ derivedValue operation|
liters o ® function
Axis:  motionStateData.actualAcceleration % =
TypeOfaxis Al Ext. encoder: motionState.acceleration| > secondDerivedValue|
SmoothingFilter | Tt 3
3]
<

(Parameter 7770, configuration data 7ypeOfAxis. Extrapolation. Extrapolation Time)

Here, you set the time for the extrapolation. No extrapolation if the value entered is 0.0.

Filter on the actual position value

(Parameter 7730 configuration data

TypeOfrAxis. Extrapolation. ExtrapolationPositionFilter.enable)

Activate the check box if you would like to extrapolate the actual position value.

Time constant T1

(Parameter 7737 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T 1)

Here, you set time constant T1 of the PT2 filter for the extrapolation in the actual value

system.
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Time constant T2

(Parameter 7732 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T2)
Here, you set time constant T2 of the PT2 position filter in the actual value system.

The filter acts on the actual position for the extrapolation. The velocity for the extrapolation is
taken over from the actual values of the axis or external encoder before application of the
smoothing filter ( 7ypeOrfAxis.smoothingFilter).

Filter on the actual velocity value

Time constant

(Parameter 7772 configuration data 7ypeOfAxis. Extrapolation. Filter.enable)
Activate the check box if you would like to extrapolate the actual velocity value.
Here, you select the filter for the extrapolation velocity in the drop-down list.

(Parameter 7777 configuration data 7ypeOfAxis. Extrapolation. Filter.Mode)

(Parameter 7773 configuration data 7ypeOfAxis. Extrapolation. Filter.timeConstant)
Here, you enter the time constant for the filter.

The position is extrapolated based on the filtered or averaged velocity value. Averaging is via
the "time constant".

Tolerance window for actual position value inversion

(Parameter 7774 configuration data 7ypeOFAxis. Extrapolation. ToleranceRange.enable)

Here, you can activate the tolerance window for actual position value inversion

Tolerance window

(Parameter 7775 configuration data 7ypeOfAxis. Extrapolation. ToleranceRange. Value)
Enter the size of the tolerance window here.

If the master value is superimposed with high-frequency noise signals that the synchronous
operation cannot follow, this can cause the dynamic response limits to be exceeded or the
master value to briefly change directions during synchronization.

In this case, define a tolerance window to prevent the dynamic response limits from being
exceeded on the following axis or to prevent direction changes during synchronization.

Master velocity for synchronous operation

228

(Parameter 7776 configuration data 7ypeOfAxis Extrapolation.exirapolatedVelocitySwitch)

In the drop-down list, select whether the velocity is to be applied for the extrapolation or if the
extrapolated master position value is to be differentiated.
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Checking the extrapolated and filtered values

The extrapolated and filtered values can be checked in the following system variables:

extrapolationdata.position
extrapolationdata. velocity
extrapolationdata.filteredposition
extrapolationdata. filferedvelocity

extrapolationdata.acceleration

Support of encoders with NIST evaluation

S7-Technology

With encoders with NIST evaluation, the speed determined by the encoder and the resulting
velocity can be accepted by the encoder. A calculation of the speed and velocity by the

integrated technology is not necessary in this case. Two methods of transmission are
available:

® Transmission in the PROFIdrive message frame

Setting via the configuration data element
TypeOrfAxis. NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_PROFIDRIVE_NIST_

Transmission in the 1/O area
Setting via the configuration data element

TypeOrAxis.NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_DIRECT_NI/STIn this case, 4000H corresponds to 100%. The address
is set in the configuration data element

TypeOrAxis. NumberOfEncoders.Encoder_n.nistConfig.logAdress, and the reference
value in the configuration data element
TypeOiAxis.NumberOfEncoders.Encoder_n.nistConfig.referenceValue.
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4613 Control

4.6.13.1  Control - "Static controller data" tab

Set the position control of the axes in the "Static controller data" tab of the Axis > Control
dialog box.

Output walue lirmitation

[ Limitation Orn

[v Activation of the integrator limitation

walue

o
u Invert output

ki (0.0 148

vmaxT7| I

Kennlinie

l-'ll
N

+
Setpt. o
L

= —_— - +

kp [10.0 1/

PID controller with T

w actual-value-depe L
ndent O
campanent

[ Drift compenzation

Drelay time of the DT1 member

Actval. kd ||:||:|7
1.0

B

[ Precontrl
Wwieighting factor |100.0 % Fine interpolator; Linear interpolatian j

Manipulated variable limiting

Manipulated variable limiting sets the absolute hi and lo limits of the control range. This
limitation is applied prior to inversion.
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Fine Interpolator

The fine interpolator function is used is to generate interim setpoints when the interpolator
and controller have a different duty factor. Optional interpolation mode settings at the fine
interpolator:

® No interpolation

® Linear interpolation (constant position for positioning axis)

® [nterpolation with constant acceleration (constant acceleration at positioning axis)
® |Interpolation with constant velocity (constant velocity at positioning axis)

When set for positioning axes, the position setpoint is interpolated.

When set as speed-controlled axis, the velocity setpoint is interpolated.

4.6.13.2 Control - "Dynamic controller data" tab

Set the dynamic controller data of the axis in the "Dynamic controller data" tab of the Axis >
Control dialog box.

Pozition controller time ID i . Yalve & cylinder time IE =005 s
constant 1 constant |1

Controller  ——m Walve & ——m ]

Position controller time constant
Enter the equivalent time constant for the position controller of the axis.

Valve & cylinder time constant
Enter the equivalent time constant for the hydraulic control loop at this parameter.
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4.6.13.3 Control - "Friction compensation" tab

The "Friction compensation” tab of the Axis > Control tab is used to enable friction
compensation. The "Friction compensation" tab is available when expert mode is set on the
"Static controller data" tab.

om0

The system provides a simple method compensating for the forces of static friction. During
startup from a standstill, a DT1 element adds a static friction compensation signal to the
manipulated variable.

decay

Amplitude /

The friction compensation is added relative to the velocity setpoint. It is only active when
motion commands are executed.

The standstill identification for static friction compensation can be set separately, as is the
case for the amplitude and the decay response. The amplitude and decay response are set
in the configuration.
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4.6.13.4 Control - "Additional compensation functions" tab

Select the "Additional compensation functions" tab of the Axis > Control dialog box to
configure a static compensation element (additive friction coefficient) and a compensation
element which is proportional to velocity (friction) for the position controller of the hydraulic
axis.

Factor for the sliding-friction |-| 00z
compenzation ®

¥ Activ. of the siding-friction compens.

Y et ® +(;)—>
= +

Offset with positive
direction of mation |1'|:I s

([
[V Activation of the offset injectior 7]

Offset with negative Im— s
direction of matian |

® Friction compensation factor: (friction compensation activated)
Enter the friction compensation factor at this parameter.

® Activate friction compensation:
Set this box to activate friction compensation.

o Offset with positive direction of movement: (Offset activated)
Enter the offset for positive direction of movement.

e Activate offset:
Set this box to activate the offset.

e Offset for negative direction of movement: (Offset activated)
Enter the offset for negative direction of movement.
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4.6.14 Homing

4.6.14.1 Introduction

Position-controlled axes equipped with incremental motor measuring systems must be
referenced to the position of the mechanical system of the machine each time power is
switched on. The axis is synchronized during homing, based on the activation of a certain
position value at a defined position of the axis mechanism.

Axes can be homed in:

e Active mode (reference point approach)
e Passive mode (flying referencing)

® Direct mode (with position setpoint)

Detailed settings depend on the measuring systems available for measuring the reference
point and on the motion an axis may perform for homing.

4.6.14.2 Homing - "Active homing" tab

Active homing

234

Active homing can be configured in the "Active homing" tab of the Axis > Homing dialog box
in S7T Config.

Three homing modes are available for "Active homing":
e Reference cam and encoder zero mark

® Encoder zero mark only

e External zero mark only

Start of the homing function:

MC_Home Mode = 0 Determination of the reference point based on the axis configuration
Mode = 1 Determination of the reference point based on the axis configuration
Position = x The reference point is assigned the value of the Position input
parameter.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone = TRUE.
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Active homing mode with "reference cam and encoder zero mark"

Honiing required: IYES j

Haming mode;
Harmning with

Encoder zera mark: Iln front of homing output cam j

Log. address of |55535
horming output cann:

Start of haming procedure: IF'n:nsitive direction j Bit number: I j
Anproach velocity: | \\ v tdax. distance ta homing output cam
IE':'-':I s I IEI.EI [
EIEML [T Max dist. to encoder zero mark:
200
s \ IEI.EI -
Reduced velocity:
|1 0.0 s -|/ X \% k\ +

Haome pozition coordinate: Home position offset;

||:|. 1] il IDD rmm

After homing is started with the "MC_Home" technology function, the axis moves to the
reference cam and then approaches the referencing encoder zero mark, according to the
axis configuration. The lower section of the diagram shows the resultant motion sequence.

Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case "Homing output cam and encoder zero mark"

Encoder zero mark

Before reference
cam

The axis is homed to the encoder zero mark which lies
before the reference cam with reference to the direction of
reference point approach.

After reference cam

The axis is homed to the encoder zero mark which lies after
the reference cam with reference to the direction of the
reference point approach.

Start reference point approach

Positive direction

Reference point approach in positive direction.

Negative direction

Reference point approach in negative direction.

Logical address of reference cam

[byte address]

Logical byte address of the reference cam

You can connect the reference cam to the integrated inputs
of the Technology CPU, or to the 10 on DP(DRIVE).

Bit number

[Number of the bit]

Bit address of the signal used for the reference cam

Approach velocity

Velocity at which the axis approaches the reference cam

Entry velocity

Velocity at which the axis approaches the (shifted) reference
point after detection of the encoder zero mark

Shutdown velocity

Velocity at which the axis approaches the encoder zero mark
after detection of the reference cam.

Reference point coordinate

(Reference cam and encoder zero
mark, External zero mark only,
Encoder zero mark only)

Here, you enter the actual position value of the home
position (relative to the coordinate system of the axis)

Homing position offset

The "Home position offset" shifts the reference point by a
configured distance. The axis travels along this configured
distance at a velocity defined in "Entry velocity", starting at
the synchronization position with encoder zero mark.

Modulo axes always take the shortest distance.

Maximum distance to homing output | deactivated The distance to reference cam detection is not monitored

cam Activated Monitoring of the distance between the start of reference
point approach and detection of the reference cam. If the
difference in this distance exceeds the configured value, the
corresponding technology DB returns error 807D. The
reference point approach is canceled.

Maximum distance to encoder zero | deactivated Distance to go to the encoder zero mark is not monitored

mark Activated Monitoring of the distance an axis travels between the

reference cam and the encoder zero mark. If the difference in
this distance exceeds the configured distance,

the corresponding axis technology DB indicates error 807D.
The reference point approach is canceled.
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Sequence of the reference point approach

S7-Technology

® Phase 1: Reference cam approach

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach". The reference cam
approach ends after the reference cam (Phase 1) is reached.

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the reference cam by setting the "Max. distance to homing
output cam" check box. The reference point approach is canceled with error if the
reference cam is not detected between the start and end of the configured distance.

Phase 2: Synchronization with encoder zero mark

After having reached the reference cam, the axis accelerates / decelerates to shutdown
velocity, and approaches the encoder zero mark. The encoder zero mark is derived from
the combined settings of "Encoder zero mark" (after or before the reference cam) and
"Start of reference point approach" (positive or negative direction).

After the reference cam is detected, the PLC synchronizes the axis to the first encoder
zero mark detected in accordance with the configuration. The axis position is set to the
default value minus the reference point shift defined in "Reference point coordinate"
(Mode = 0) or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the reference cam and the
encoder zero mark by setting the "Max. distance to encoder zero mark" check box. The
reference point approach is canceled with error if the encoder zero mark is not found
within the specified distance after the reference cam is detected.

Phase 3: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
velocity to approach the reference point.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "External zero mark only"

Homing required: |ves j

Haoming mode;
Harning with

Signal kransition: ILDW -» High [positive)

On the external zera mark side: IHight

Led L e

Start af homing procedure: IF'n:nsitive direction

Approach welocity: | W bdaw distance to ext. zera mark
|5|1n mm/s > |n.n i
Entry welocity: /
IEEI.EI mmds [
Reduced velocity: / \ /
N +

o ows = |/ 7]
A

Haome pozition coordinate: Home position offzet;

||:|. 1] il IDD rmm

If homing is started by calling the "MC_Home" technology function the axis approaches the
referencing external zero mark in accordance with the configuration. The lower section of the
diagram shows the resultant motion sequence.

Meaning of the various parameters:

Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute
absolute motion commands.
Homing mode - In this case: "External zero mark only"
Signal transition Low -> High The motion is referenced to the positive edge of the external
(positive) zero mark (setting according to edge evaluation in the drive
component).
High -> Low The motion is referenced to the negative edge of the
(negative) external zero mark (setting according to edge evaluation in

the drive component).

On the side of the external zero mark | left The signal transition is measured viewed from the left side
of the external zero mark, in the selected direction of
reference point approach.

right The signal transition is measured viewed from the right side
of the external zero mark, in the selected direction of
reference point approach.
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Parameters Value Explanation
Start reference point approach Positive direction Reference point approach in positive direction.
Negative direction Reference point approach in negative direction.
Approach velocity - Velocity at which the axis approaches the external zero
mark
Entry velocity - Velocity at which the axis approaches the (shifted) homing

position after detection of the external zero mark

Shutdown velocity - Velocity at which the axis approaches the reference point
coordinate after detection of the external zero mark

Homing position offset - The "Home position offset" shifts the reference point by a
configured distance. The axis moves by a configured
distance at the "Homing velocity", after its synchronization
at the external zero mark edge.

Modulo axes always take the shortest distance.

Max. distance to external zero mark | deactivated The distance to external zero mark detection is not
monitored.
Activated Monitoring of the distance between the start of the
reference point approach and detection of the external zero
mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error 807D.
The reference point approach is canceled.

Note

For homing with "external zero mark", connect the external zero mark as digital measuring
input to the drive component.

In order to execute a reference point approach in "external zero mark" homing mode, select
"Signal transition" and "on the side of the external zero mark" values which correspond with
the drive's configuration or functionality. Instead of being used to configure the measuring
function in the drive, the "Signal transition" and "on external zero mark side" parameters
merely reflect their functionality in order to control the axis motion according to the
configuration.

For information on the configuration of external zero mark detection, refer to the relevant
product information or to the drive manuals.
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Sequence of the reference point approach

240

® Phase 1: Synchronization to external zero mark

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach". Synchronization ends at
the external zero mark (phase 1) when the configured signal transition (configured at the
drive component) is detected at external zero mark. The axis position is set to the default
value minus the reference point shift defined in "Reference point coordinate" (Mode = 0)
or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the signal edge by setting the "Max. distance to external zero
mark" check box. Homing is canceled with error if the edge is not detected between the
start of reference point approach and the end of the configured distance.

Phase 2: Reference point approach

After the configured signal edge is detected, the axis accelerates / decelerates to
approach the reference point coordinate at shutdown velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the external zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "Encoder zero mark only"

Haming required: |ves j

Harming mode:

Start of homing procedure: | Megative direction j

Entry welocity: . \ ¥ Max dist. to encoder zero mark:
200 Mz f - ID.EI M
Reduced velocity:
|1u.n mm/s - *

Haome pozition coordinate:; Home pozition offzet;

IEI. 0 i IEI.EI mm

Homing to encoder zero mark is used, for example, at axes for which the encoder can only
set one encoder zero mark in the entire traversing range of the axis. The homing command
initiates axis approach to the encoder zero mark. After the encoder zero mark is detected,
the axis approaches the shifted reference point at homing velocity. The axis position now
has the value defined in the reference point coordinate. The graphic in the figure shows the
resultant motion sequence. Meaning of the various parameters:

Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute
absolute motion commands.
Homing mode - In this case: "Encoder zero mark only"
Start reference point approach Positive direction Reference point approach in positive direction.

Negative direction Reference point approach in negative direction.

Entry velocity - Velocity at which the axis approaches the (shifted)
reference point after detection of the encoder zero mark

Shutdown velocity - Velocity at which the axis starts the reference point
approach and approaches the encoder zero mark

Homing position offset - The homing position offset function shifts the homing
position by a configured distance, meaning that the axis
moves along a configured distance behind the encoder
zero mark detection position at a "Homing velocity".

Modulo axes always take the shortest distance.
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Parameters Value Explanation

Maximum distance to encoder zero deactivated Distance to go to the encoder zero mark is not monitored

mark Activated Monitoring of the distance between the start of the
reference point approach and detection of the encoder
zero mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error
801D. The reference point approach is canceled.

Sequence of the reference point approach
® Phase 1: Synchronization to encoder zero mark

The axis starts its reference point approach towards the direction set in "Start of
reference point approach" at the configured shutdown velocity. Synchronization with
encoder zero mark (phase 1) ends with the detection of the encoder zero mark. The axis
position is set to the default value minus the reference point shift defined in "Reference
point coordinate" (Mode = 0) or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and encoder zero mark detection by setting the "Max. distance to zero mark"
check box. Homing is canceled with error if the encoder zero mark is not detected
between the start of reference point approach and the end of the configured distance.

® Phase 2: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
the reference point coordinate at entry velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.

4.6.14.3 Homing - "Passive homing" tab

Passive homing can be configured in the "Passive homing" tab of the Axis > Homing dialog
box of S7T Config. The difference compared to active homing is that the required homing
motion is not initiated by a homing command.

Three homing modes are available for "Passive homing™:
e Reference cam and encoder zero mark

e External zero mark only

® Encoder zero mark only

Start of the homing function:

MC_Home Mode =2 The current position is assigned the value of the Position input
Position = x parameter at the reference point.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone= TRUE.
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Note

Note that not all drive components support all homing mode or measured signal evaluation
functions. For details, refer to the documentation of the drive components used.

Triggering of encoder zero marks or reference cam monitoring during passive homing
operations is indicated by a corresponding error message at the technology DB. The current
axis motion is terminated in this case.

Passive homing mode with "Reference cam and encoder zero mark"

Harmirg requined: IYBS j

Haming rode; IHDming output cam and encader zero mark: j

Log. addrezs of homing cam: |54

Direction of motion: — |{ENE =] Bit frmber: ||:| j

: : \ [ tax distance to homing output cam

'ﬁ; : |n.n i
' ! [T Max. dist. to encoder zemo mark
| [
: ""l :‘"-' ID.D A
| |
| |

- | &

|

|

Haome pozition coordinate

After the axis has passed the reference cam, the next encoder zero mark triggers axis
homing. The axis position is set in the reference point to the value defined at the Position
input parameter of the "MC_Home" technology function.

Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Reference cam and encoder zero mark"

Direction of motion

Positive direction

The axis is only homed with positive approach direction to the
encoder zero mark.

Negative direction

The axis is only homed with negative approach direction to the
encoder zero mark.

Current direction

The axis is homed when it reaches the next encoder zero
mark.

Logical address of reference
cam

[byte address]

Logical byte address of the reference cam

You can connect the reference cam to the integrated inputs of
the Technology CPU, or to the 10 on DP(DRIVE).

Bit number [Number of the bit] Bit address of the signal used for the reference cam

Maximum distance to homing deactivated The distance to reference cam detection is not monitored

output cam Activated Monitoring of the distance between the start of the homing
function and detection of the reference cam. If the difference in
this distance exceeds the configured value, the corresponding
technology DB returns error 807D. The homing function is
canceled.

Maximum distance to encoder deactivated Distance to go to the encoder zero mark is not monitored

zero mark Activated Monitoring of the distance an axis travels between the

reference cam and the encoder zero mark

If the difference in this distance exceeds the configured value,
the corresponding technology DB returns error 807D. The
homing function is canceled.
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Passive homing mode with "External zero mark only"

Yes |_
External zero mark, only |_

Axis homing starts with the detection of the external zero mark. The axis is set to the value of
the Position input parameter of the "MC_Home" technology function.

Meaning of the individual parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute
absolute motion commands.
Homing mode - In this case: "External zero mark only"
Direction of motion Positive The axis is only homed with positive approach direction to the
direction external zero mark.
Negative The axis is only homed with negative approach to the external
direction zero mark.
Current The axis is homed when it reaches the next external zero
direction mark.
On the side of the external zero mark left Direction of movement: Positive direction
Axis homing is triggered at the positive edge.
Direction of movement: Negative direction
Axis homing is triggered at the negative edge.
right Direction of movement: Positive direction
Axis homing is triggered at the negative edge.
Direction of movement: Negative direction
Axis homing is triggered at the positive edge.
Max. distance to external zero mark deactivated Distance to go to the external zero mark is not monitored
Activated The function monitors the distance an axis travels between the

start of its homing function and detection of the external zero
mark

If the difference in this distance exceeds the configured
distance the corresponding axis technology DB indicates error
801D. The homing function is canceled.

Note

e For homing with "external zero mark", connect the external zero mark as digital
measuring input to the drive component.

¢ In order to be able to execute the reference point approach in "external zero mark"
homing mode as required, you should always set values at "Direction of movement" and
"on the side of the external zero mark" which are compatible with drive configuration or
functionality. The "on the side of the external zero mark" and "Direction of movement"
parameters are not used to configure the measuring function in the drive and only reflect
their functionality.

¢ For information on the configuration of external zero mark detection, refer to the relevant
product information or to the drive manuals.
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Passive homing mode with "Encoder zero mark only"

e &
Encoder zer mark anly |_

Current direction |_

Homing mode with "Zero mark only" is used for axes, for example, which are equipped with
an encoder that outputs only one zero mark signal within the entire traversing range of the
axis

Axis homing starts with the detection of the encoder zero mark. The position value of the
axis is set to the value of the Position input parameter of the "MC_Home" technology
function after the encoder zero mark is detected.

Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Encoder zero mark only"

Direction of motion

Positive direction

The axis is only homed with positive approach direction to
the encoder zero mark.

Negative direction

The axis is only homed with negative approach direction to
the encoder zero mark.

Current direction

The axis is homed when it reaches the next encoder zero
mark.

Maximum distance to encoder zero
mark

deactivated

Distance to go to the encoder zero mark is not monitored

Activated

The function monitors the distance an axis travels
between the start of its homing function and detection of
the encoder zero mark

If the difference in this distance exceeds the configured
distance the corresponding axis technology DB indicates
error 807D. The homing function is canceled.

Passive homing mode with "Default"

When a new axis is created in S7T Config, the Defau/thoming mode is preset.

Homing mode with encoder zero mark only is used if the configured encoder provides a zero
mark. Homing mode external zero mark only is used if the encoder does not provide a zero

mark.
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14.4 Positioning behavior with passive homing

The following examples show the response of the end position with passive homing with the
motion commands "MC_MoveRelative" and "MC_MoveAbsolute":

Positioning behavior with passive homing with "MC_MoveRelative"

1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
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An MC_MoveRelative command 7000 is started for passive homing.
1. The MC_MoveRelative command and passive homing start at the same time.

2. When the yellow marked homing position 200is reached, the axis is homed and the
position of the axis is set to position 0.

3. The axis moves by the remaining relative distance to position 800 (7000-200).
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Positioning behavior with passive homing with "MC_MoveAbsolute"

1000
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An MC_MoveAbsolute to position 7000 command is started for passive homing.
1. The MC_MoveAbsolute command and passive homing start at the same time.

2. When the yellow marked homing position 200is reached, the axis is homed and the
position of the axis is set to position 0.

3. The axis moves to position 7000in accordance with the new homing point.
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4.6.14.5 Direct homing

The actual axis position is set to the value defined at the MC_Home technology function. No
reference point shift settings are active. The function does not execute a motion. The axis is
homed when the command is executed.

Start of the homing function

MC_Home Mode = 3 Direct homing:
Position = x The current position is assigned the value of the Position input
parameter.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone= TRUE .

4.6.14.6 Position correction

A correction value is deducted from the actual position value of the axis. By contrast to other
homing modes, the axis maintains its homed state (homed / not homed) in this case.

The position correction function can also be used to manipulate the setpoints of the various
coordinate systems (base coordinate system, superimposing coordinate system). This is of
significance for superimposing camming in order to be able to generate a reference within a
cam disk.

Start of the homing function:

MC_Home Mode =4 Actual value correction:
Position = x Position value = (current position) - (parameter position).

Mode = 6 Setpoint correction in the base coordinate system:

Position = x Position value = (current position) - (parameter position).
Mode = 7 Setpoint correction in the superimposing coordinate system:
Position = x Position value = (current position) - (parameter position).

Position correction does not influence the Stafusword.HomingDone status in the axis
technology DB.

46.14.7 Motions with non-homed axes

You determine whether absolute positioning is to be available for a non-homed axis in the
Axis > Homing dialog box.

Optional settings for "Homing required":

® No: Relative and absolute motions are possible. The Software limit switches (Page 149)
are monitored.

® Yes: Relative motion only. The software limit switches are not monitored as long as the
axis is not homed.
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4.6.15 Monitoring functions

4.6.15.1  Monitoring functions - Overview

Axis monitoring functions you can configure in S7T Config:

Monitoring functions Speed-cqntrolled Positioning axis Synchropization
axis axis

Velocity error monitoring (Page 187) X - -
Positioning monitoring (Page 184) - X X
Following error monitoring (Page 185) - X X
Standstill signal (Page 186) X X X
Software limit switch (Page 149) - X X
Hardware limit switch (Page 147) X X X
Synchronization monitoring (Page 321) - - X
Manipulated variable monitoring (Page 1187) (always X X X
active)

Encoder limit frequency monitoring (Page 919) X (only with X X

encoder)
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The figure below shows an example of positioning axis monitoring:

Feed-forward

control
o + Manipulated variable s
o @ > Controller [—— | monitoring g
i Speed (torque) g
Control loop
model
L J
Y — 5
Frequency limit @
(Acceleration limit) - S
. - Position monitoring Mechanical limits |
Dynamic follow-up - Standstill monitoring I 7 K
error monitoring €ro mar
£
s
k=)
2

Errors are reported in the ErrorStatus parameter of the technology DB.
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46.15.2 Monitoring functions - Positioning and standstill monitoring

Set the limit values for monitoring the positioning of position-controlled and synchronization
axes in the "Positioning and standstill monitoring" tab of the Axis > Monitoring functions
dialog box.

Pozitioning monitoring

Fozitioning window: I'I.EI i
S ' . .
N Fozitioning tolerance time: |1.EI 3
i
1 [
Standstill window: (1.0 mm
-t
______ I | e S
MOTION_DONE !
x2 _
+ TI[ | Setpt.
Actwal,
L J
EMD_OF_INTERPOLATIOM Tolerance tirme ||:|.|:| 2
[when leaving the stand:till

Standsztill monitoring i el s I':'-':'

[in pozitioning window [*1]]:
[¥1]: If the actual value leaves the positioning window during the: minimunmn dwell ime, the pozitioning tolerance time iz restarted.

[*2]: Start of standstill moritaring

The "Positioning and standstill monitoring" tab shows whether the Positioning or
Synchronous operation technology is set for the axis.

Positioning monitoring

At the end of a positioning motion, the function monitors the axis entry to the target position.
For this purpose, a positioning window and a time tolerance within which the end position
must be reached are specified. Monitoring is activated at the end of setpoint interpolation.

You can also set a minimum dwell time in the positioning window to expire before the
positive feedback of the positioning command is activated. This time can be used for
oscillating processes and control loops, for which the tolerance window should be less than
the overshoot amplitude.

A positive feedback for the positioning command is output when the actual value reaches the
positioning window.

The axis technology DB returns error 8079 if the positioning monitoring function is triggered.
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Standstill (zero-speed) monitoring

Standstill monitoring is enabled when the position setpoint of a positioning command equals
the value of the target position, and the delay of standstill monitoring activation has expired.

Standstill monitoring is triggered if the axis moves out of the configured standstill tolerance
window for any time longer than the configured period. The axis technology DB returns error
8018 if standstill monitoring is triggered.

4.6.15.3 Monitoring functions - "Following error monitoring" tab

S7-Technology

Dynamic following error monitoring can be enabled in the "Following error monitoring" tab of
the Axis > Monitoring functions dialog box.

The following error monitoring on the position-controlled axis is performed using the
calculated following error. The axis technology DB returns error 8076 if the offset between
the actual position value and the position setpoint exceeds the programmed following error
limit. The permitted following error depends on the velocity setpoint of the axis.

At velocities less than the configured minimum the permitted following error is constant and
is programmed at the "constant following error" parameter. Above this limit, there is a linear
increase of the following error to a maximum value which is defined by the parameter
"maximum permitted following error" at maximum velocity. The permissible maximum
following error is reached at maximum velocity.

v Diwnamic following ermor monitoring active

b asirnurn perm. _
fallowing errar: & Following error

I'IEIEI.EI mm

Calculated

following eror:

|8.1 BI265  mm
Corgtant Enter welocity:
fallawing errar:

|1 0o [ I s

Set velocity

bl aw. welocity:

Finimum welocity for dynamic
fallowing error manitaring: 104 mm.’s IEDD'EI mm.’s

If you specify a value in the "Enter velocity" input box, the corresponding function value is
displayed in the "Calculated following error" box. This allows you to control how large the
following error may be at the entered speed.

The "Following error monitoring" tab is shown for position-controlled real axes.
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46.154 Monitoring functions - "Standstill signal" tab

The velocity threshold and the "Signal output delay" can be set in the the "Standstill signal”
tab of the Axis > Monitoring functions dialog box.

The standstill signal sets the standstil/bit in the status word of the technology DB if the
current velocity is below the configured velocity threshold at least for the duration of the set
delay time.

At speed-controlled and positioning axes the override is activated in speed-controlled mode.
At the positioning axis, the override is activated when the positioning window is reached.

Standstill zignal

Yelocity threshald standstill zsignal; |20.0 e

£
¥

i
[IS

=il

¥

Signal output delay time: I'I 002 %
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4.6.15.5 Monitoring functions - "Velocity monitoring" tab

Enable velocity error monitoring in the "Velocity error monitoring" tab of the Axis > Monitoring
functions dialog box.

Velocity error monitoring is only relevant to these axes:
e Speed-controlled axis with encoder

® Positioning axes operating in speed-controlled mode
("MC_MoveVelocity" - input parameter PositionControl = FALSE)

¥ “elocity eror monitaring

b aximunn velocity deviation: Im e

Adjustment via velocity controller equisalent
time:

+ N
—- x_" >} -

Setpt.

At veal.

Velocity error monitoring

Enable velocity error monitoring in this dialog.

Maximum velocity error:
This input box is only visible if velocity error monitoring is enabled.

Enter the maximum velocity error in this dialog.
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4.7 Configuring synchronization axes

Prerequisite

® The Technology CPU was configured in HW Config and configuration data were
compiled.

How to insert a synchronization axis in S7T Config

Step Description
1. In the Navigator of S7T Config, double-click "Insert axis".
2. Activate the synchronous operation technology when you configure the axis.

This "Synchronization" technology requires the active "Positioning" and "Speed control" technologies. You can
not for this reason disable these technologies.

3. Go through the steps as described in the chapter "Configuring axes (Page 126)".

Result: The synchronization axis appears in the Navigator of S7T Config, and its corresponding synchronization
object will be created automatically. The object is automatically given the name of the axis with
_SYNCHRONOUS_OPERATION ending.

Representation in the Navigator

The leading axes and cam disks assigned to the synchronization axis are symbolized by
means of logic links:

® Below the synchronous operation object
® Below the cams used

e Below the leading axes (axes, external encoders)
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1] AxES
% |nzert auis
=i Awis_1
- Agiz_2 SYMCHROMOUS_OPERATION |
SIMODRIMVE_E1TTU_DP2_DP3
----- »  Configuration
----- » Mechanics
----- S Default
----- » Limitz
----- » Haming
----- » Maoritaring
----- » Clozed-loop contral
----- » Control panel
F-_1 MEASURING INPUTS
=-_1 OUTPUT Cak
%) |ngert output cam
I'_—'Iﬂ_—jE Biz_2
----- »  Configuration
----- S Default

S Default

-] MEASURING INPUTS
F-_] OUTPUT CAM

=1 ExTERMAL ENCODERS
-] |nzert extemal encoder
-] CaM3

M Ingert cam

Cam_1

il

“ S Commissianing

Further procedures

For synchronous operation, assign the synchronization axis the corresponding leading axes
and / or cam disks.
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4.71

Assigning leading axes and cam disks

In order to implement gearing you must assign the following axis an available leading axis. In
order to implement camming, you must assign the following axis an additionally available
cam disk. Error! Bookmark not defined.

Prerequisite

e A following axis with the "Synchronism" technology was inserted in S7T Config.

® A leading axis or cam disk was inserted in S7T Config.

How to assign leading axes and cam disks to a following axis

Step Description
1. In Navigator of S7T Config, double-click "Configuration" in the synchronization object (child object of the
synchronization axis).
2. In the next dialog box, assign the following axis one or several available leading axes. To do so, set the check
box in the left column, and then select the relevant coupling mode. Possible coupling modes:
Leading axis is a real axis:
e Setpoint coupling
e Actual value coupling with extrapolation
Leading axis is a virtual axis:
¢ Setpoint coupling
Leading axis is an external encoder:
e Actual value coupling with extrapolation
e Actual value coupling without extrapolation ]
EAuis_Z_SYN[ZHFII]NI]US_I]PEFIATII]H - Configuration
.
Fallowing awiz: I.-“-‘-.:-cis_E - Linear axiz [standard/prezsure] '
Fozsible master zetpoints [leading axiz): |-
Coupling type Hame Axis type
Az 1 Linear axiz (standardfpressure)
i External_encoder_1 |Rotary measuring system
-
| 2w
Which one of the axes is to provide the master setpoints to the following axis is determined in runtime by calling
the relevant technology function, for example, "MC_GearIn" or "MC_Camlin".
3. From the bottom section of the dialog box, select the optional cam disks for the implementation of camming.
Fozzible valve charactenistics:
| Marme | Carn type |
O Cam 1 Can canfiguratian
O Cam_2 Cam configuration
4. Click "Close"
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4.7.2 Configuring superimposing synchronism

A synchronization axis consists of an axis object and of a synchronization object. Both
objects are generated when you create the axis. You configure superimposing synchronism
by assigning the synchronization axis an additional synchronization object which coordinates
the superimposing motions.

A synchronization axis may contain up to two synchronization objects:
® One synchronization object for base synchronism

® One synchronization object for superimposing synchronism

Prerequisites
® A synchronization axis was configured in S7T Config.

® A superimposing synchronization object was not configured for the axis
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Configuring a superimposing synchronization object

The next steps show you the basic procedures of configuring a superimposing

synchronization object.

Step Description

El--@ 37T _eng
- Inzert single drive
= SIMATIC 30001)
-5 Technology

=0 AXES

] Insert axis

S8 (ollowing_avis
gl SIMODR [ pen configuration
----- b3 Ennfigurjz s
----- % Mechanic Paste
----- » Default
""" > Limitz Delete

----- » Haming

..... 3 ot I

..... > Closedlo gy
..... » Control p.

1. In S7T Config Navigator, select the synchronization axis at which you want to configure superimposing
synchronization. Select Expert > Superimposed synchronous object from the context menu.

Expert lizt

nzert supenimposed following object
Configure units k
Irpart object

Save and export object

- Print preview. ..
=153 following.
- » Corfi Properties...
ey Diefar ;
w0 MEASUF M echanics

-0 oUTPUT  Defaul
[+-drg leading_axis Limits

-] EXTERMNALENC  Homing

-] CAMS Moritoring

[+~ SIMODRIVE_B11 Closed-loop contral

Eﬂ--% SIMODRIVE_E11 Contral panel
-] MOMITOR

Result: The Navigator shows a second synchronization object under synchronization axis.

2. Double-click the Configuration entry of the second synchronization object to open the configuration dialog box.
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Step Description

i FollowingAxis_SYNCHR

Finalize the synchronous group of the superimposing synchronism by assigning it a leading axis (including cam
disks as required). Set the corresponding check boxes, and then select the coupling type at the leading axes.

=0 x|
Following asis: IFDIIDwing.-'-‘-.:-:is - Rotary axiz [standard/pressure] I
FPozzible mazter zetpaointz [leading axiz]:
Coupling type Hame Axis type Device
[+ |Setpoint coupling * | MasterLxiz Rotary axiz (standardfpressure) | Technologie

Actual value cnupling weith

Fozzible cams:

Hame Axis type

Device

F Carm_1

Cam configuration | Technologie

| &

Cloze

Hep |

assigned values as for basic synchronous operation.

The synchronization-specific parameters of the superimposing synchronization object are configured and

Distinguishing between synchronization objects

Whether the synchronization object at a synchronization axis represents a basic

synchronism or superimposing synchronism is defined at the

SyncingMotion.motionimpactconfiguration parameter in the expert list of the synchronization

object.

SyncingMotion.motionimpact STANDARD (0)

Basic synchronous operation

SUPERIMPOSED_MOTION (1)

Superimposing synchronism

S7-Technology
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4.7.3 Synchronization

Coupling to the master setpoint during synchronization or desynchronization can be defined
differently according to the application.

It is determined by:

® The synchronization mode

® The synchronization point

® The position of the synchronization point

® The synchronization criterion

® The direction of synchronization (modulo axes only)

You can set the following synchronization modes in the "Dynamics" tab of the Synchronous
operation > Default dialog box:

® | eading axis-related synchronization profile: Synchronization and desynchronization with
master value reference

¢ Time-related synchronization profile: Synchronization and desynchronization on the basis
of specified dynamic values

Synchronization based on a leading axis-related synchronization profile

Gear synchr-:nnizatiunl Cam spnchronization  Dynanics

Profile zetting ILeading-a:-:is-related spnchronization prafile j

— Lenath-related spnchronization

Synchronization length I1 00, 0000ao - Desynchronization length |200.000000

— Time-related zynchranization

Yelgoi: | 100.000000 “de

Jerk Jerk

|‘I 00000, a0ao0a0 A |‘I 00000, 00000 e
Acceleration Deceleration

|'I (00, Qo000 et I'I (00, Qo000 g

Welocity profile;
e Trapezeidal velocity profi = | Jerk:
rapezoidal velocity profi| = X

|1 Q00000 Q00000 ¢ pod |1 00000, Q00000 i
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The leading axis-related synchronization profile is defined at parameters "Sync. length" and
"Desync. length".

Sync. Length Synchronization length

Desync. Length Desynchronization length

For leading axis-related synchronization, a start or end value relative to the master setpoint
is defined for synchronization, including a synchronization length ("Sync. length" or "Desync.
length").

A synchronization profile is determined, that is, a dynamic transition is calculated
independent of the dynamic profile of the master setpoint.

The velocities at the edges of the synchronization operation are constant.

The synchronization length defined in the dialog forms the basis for the definition of the
synchronization range with reference to the master setpoint. Synchronization is handled
using the "MC_GearIn" (gearing), or "MC_CamiIn" (camming), or "MC_GearlnSuperimposed"
(superimposed gearing) or "MC_CamInSuperimposed" (superimposed camming) technology
functions.

Input parameter Mode at the technology function determines whether to activate the values
setin S7T Config (Mode = 0) for the synchronization profile, or whether to activate dynamic
defaults at the technology function (Mode = 7).

Note

The synchronization profile depends on the velocity of the leading axis and on the set
synchronization length. Any dynamic definitions at the synchronization object will be ignored.
For this reason, dynamic response is limited only at the slave axis.
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Synchronization based on a time-related synchronization profile

Based on dynamic parameters set in S7T Config or at the block input, time-based
synchronization is performed after the start of the synchronization function.

Input parameter Mode at the technology function determines whether to activate the values
setin S7T Config (Mode = 0) for the synchronization profile, or whether to activate dynamic
defaults at the technology function (Mode = 7):

Time-related zpnchronization profile |_

100.000000 | 200.000000

100.000000

1000000, d00aaa 1000000000000
1000.000000 1000. 000000

Trapezoidal velocity profi |_
1000000, 000000 3000000, 000000
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The time-related synchronization profile is defined by the "Jerk", "Acceleration”,
"Deceleration", "Velocity" and "Velocity profile" parameters.

Jerk Jerk settings supported for the velocity transitions
listed below:

Jerk at the start of acceleration
Jerk at the end of acceleration
Jerk at the start of deceleration
Jerk at the end of deceleration

Acceleration Acceleration of the axis during synchronization
Deceleration Deceleration of the axis during synchronization
Velocity Maximum velocity of the axis during

synchronization

Whether the velocity can be reached depends on
the synchronization conditions

Velocity profile The following velocity profiles are available:
e Trapezoidal velocity profile
¢ Constant velocity profile

Retarded and advanced synchronization

In time-based synchronization mode advanced synchronization and retarded synchronization
can be differentiated.

Synchronization start point... Synchronization end point...
Advanced Calculated by the system based on Defined implicitly based on the following
synchronization default dynamic values and master axis position, or directly

setpoint characteristic.
Retarded Defined implicitly based on the Derived from the dynamic values and
synchronization following axis position, or directly master setpoint characteristic
Note

When synchronizing a synchronization axis with default dynamic values for which the start
point of synchronization is defined, the following axis accelerates to its target velocity along a
hyperbolic ramp.
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Advanced synchronization (synchronize before synchronization position)

] |

=¥

For advanced synchronization, the synchronization motion starts.

At the start point of synchronization, based on default dynamic response parameters and
constant master setpoint value, if this synchronization can be performed within an optimal
time (dynamic master setpoint)

Immediately, if an optimal synchronization time can not be calculated and the
synchronization position can be reached (for example, with static master setpoint)

Note

If synchronization cannot be performed optimally a reversal of the motion may be
generated.

Any change of the velocity master setpoint is also applied correspondingly to the dynamic
values of the synchronization operation. A warning message is output if the configured
tolerance is exceeded.

The synchronization is canceled with error if the master setpoint is inverted while
synchronization is active.

Retarded synchronization (start symmetrically to synchronization position)

268

v

=¥

In retarded synchronization mode

The synchronization motion starts when the start criterion is reached
Only a trapezoidal velocity profile is supported

If a velocity profile with constant acceleration is set, a "Dynamic response of motion
profiles... cannot be maintained" alarm is generated, and the system automatically
toggles to a trapezoidal velocity profile.
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Synchronization direction

S7-Technology

You can set the synchronization direction in the following dialog boxes:

Gear synchronization
Axis_SYNCHRONOUS_OPERATION > Default dialog box, "Gear synchronization" tab,
"Synchronization direction"

Cam synchronization
Axis_SYNCHRONOUS_OPERATION > Default dialog box, "Cam synchronization" tab,
"Synchronization direction"

The settings described below are valid for synchronization and desynchronization.

You can also program the settings at the userdefault. gearingsettings.synchronizingdirection
or userdefault.cammingsettings.synchronizingdirection system variables.

Compatibility mode (SYSTEM_DEFINED)

The following axis is synchronized within the shortest possible distance. The direction will
be retained if synchronization of the moving following axis is possible in the currently set
direction. The direction is reversed if the current direction of motion has to be changed for
synchronization. The system calculates the motion sequences required for
synchronization.

Shortest distance (SHORTEST_WAY)
The following axis is synchronized within the shortest possible distance.

Negative synchronization direction (VEGAT/VE_DIRECTION)

Only synchronization in negative direction is allowed, that is, transitions from negative to
positive velocities during synchronization must be avoided. If synchronization fails, S7T
Config outputs error message "50007 Error when activating/deactivating synchronous
operation".

Positive synchronization direction (POS/TIVE_DIRECTION)

Only synchronization in positive direction is allowed, that is, transitions from positive to
negative velocities during synchronization must be avoided. If synchronization fails, S7T
Config outputs error message "50007 Error when activating/deactivating synchronous
operation".

Compatibility mode is always used if Mode = 7 at "MC_Camlin" or "MC_GearlIn".
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Difference between "SHORTEST_WAY" and "SYSTEM_DEFINED"

Both axes move, for example, with positive velocity. Absolute gearing with a ratio of 1:1 and
immediate synchronization are initiated. The green curve shows the course when the current
direction of motion of the following axis is retained. The red curve, on the other hand, shows
synchronization with a reversal of direction.

position

M aster
720

360

— SHORTEST_WAY - SYSTEM_DEFINED

Example of "Positive synchronization direction"
(Gearingsettings.synchronizingdirection = POSITIVE_DIRECTION)

The next example shows a default setting which only allows synchronization /
desynchronization motions in positive direction of movement. The default settings for
synchronization / desynchronization are "Effective immediately". Synchronization starts
immediately with Exe_7. The slave is now to be moved by a phase shift with £xe_2. This
motion is carried out in negative direction. If the "immediately" active "MC_CamOut" is
started in negative direction with Exe_3, the axis waits until it is moving in positive direction
before it is desynchronized
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FB1 FB2 FBE3
MC_Gearin MC_Phasing MG _ Gear Ot
Fis_1 — Master ImiFear |- Awis_1 — haster Done |-  Axis_2 ] Slawve Done |-
Fee 2 — Slave Busy |- Aus 2  Slave Busy — Exe 3 Execute Busy |-
Exe 1 - Execute Commandfborted -  Exe 2 JEweste Command@borted |- CommandAborted [—
1 - RatioMumerator Error | 180.0 - P has e Shift Errar |~ Error |-
1 — Ratiolenumerator Errorll |- — Welo iy Errarll |- Errorl [~
— Welasity —| Auwceler ation
— Acceler ation —| Deceler ation
— Drecelar ation — Jeik
aem — Absalute
_| PhazesShitt —{ DaneFlag
TRUE _{Absalute
_|Mode
— DoneFlag
F )
— FB1 1
Exe_1 a
— FB2 1
Exe_1
="
— FB3
Exe_1
Swnichrorizing-
stae
active
uaiting
inactive
20
position
Axis 1
360
0
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4.7.4 Synchronization

You can set the synchronization conditions in the "Gear synchronization" and "Cam
synchronization" tabs of the Synchronous operation > Default dialog box.

Gear synchronization | Cam synu:hr-:nnizatiu:unl D_I,lnamiu:sl

Synchranization

Fosition reference

Synchronization direction

Sync. pos. mazter setpoint

Sync. pos. following axis

Effective immediately

Ak nest leading

aviz

] pozition A not available
(E frective immedigtely
Effective immediately and synchronous position of the following asis
Lazt programmed zetting
Synchronization pozition zpecification of fallowing awiz

Synchronization pozition specification of leading axis

Synchronization pozition specification of leading axiz and following asis

IHEI.EIEIEIEIEIEI

Sunc, pos, master setpoint

=

L
Sunchranization length

F

-
t

The synchronization condition is set using the "Synchronization" drop-down list box:
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Setting

Meaning

Effective immediately

Synchronization is performed immediately after the start of the function.

The settings in "Sync. pos. master setpoint”, "Sync. pos. following axis" and
"Position reference" are not evaluated.

Default synchronization position of the
leading axis

The synchronization criterion depends on the position of the leading axis. The
synchronization position is defined in "Sync. pos. master setpoint".

The setting in "Sync. pos. following axis" is ignored.

Default synchronization position of the
following axis
(only with gearing)

The synchronization criterion depends on the position of the following axis. The
synchronization position is defined in "Sync. pos. following axis".

The setting in "Sync. pos. master setpoint” is ignored.

Transition at the end of the active cam
disk
(only with camming)

This can only be set with relative leading axis reference.

The synchronization criterion is the master setpoint position at the end of the
current cam disk cycle.

The setting in "Sync. pos. following axis" is ignored.

Default synchronization position of the
leading axis and following axis

The synchronization criterion depends on the position of the leading axis. The
synchronization position is defined in "Sync. pos. master setpoint".

In addition, an offset is generated at the following axis as a result of the setting in
"Sync. Pos. following axis", that is, instead of being synchronized with the
programmed (for example, via cam disk) following position but, the following axis
is synchronized with the "Sync. Pos. following axis" position plus the absolute
position value of the following axis from the cam disk.

Example:

The following axis is coupled to the master axis by way of cam disk.

The cam disk was created so that the following axis is set to position 70 when the
leading axis is at position 50.

If parameter "SyncPos following axis" = 80the following axis is synchronized at
position 150 (70 + 80) when the leading axis is at position 50.

Coupling by way of the cam disk is still active (scaling remains the same),
however, with an offset of &0.

Effective immediately and
synchronous position of the slave axis

Synchronization is performed immediately after the start of the function. The
resulting phase shift between the leading and following slave axes results is
derived from the position of the following axis when the function was started. This
compensates for offset caused by the acceleration ramp of the following axis. The
synchronization motion is based on dynamic response defaults.

The setting in "Sync. pos. master setpoint” is ignored.

Last programmed setting

Not usable
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Position reference

Gear synchronization | Carn spnchronization | Dynamics

Synchronization IEffective irnrnediately

Pozition reference | Synchranize from synchronization position

Synchronization direction

Lef L

Last programmed zetting

Sunchronize before synchronization position
:Sonchronize from synchronization nosiion
Synchronize zummetnically to synchronization position

Syne. pos. master setpoint |0.000000 Master anis

Sync. pos. following axis IED-DUDDUD

Sync, pos, master setpoint

L
/ Synchronization length
- F

r on

t

The synchronization mode is defined in the "Position reference" drop-down list box:

Setting

Meaning

Synchronize from synchronization
position

Synchronization starts at the synchronization position. The synchronization length
is derived from the time-related synchronization profile in dynamic data, and for a
leading axis-related synchronization profile from the "Synchronization length"

parameter. The following axis is synchronized when this length has been passed.

Synchronize before synchronization
position

In this synchronization mode, the following axis is in synchronism with the leading
axis when it reaches the synchronization position.

The start position of the synchronization with time-related synchronization profile

is determined by the dynamic data, and with leading axis-related synchronization

profile by the "Synchronization length" parameter.

Synchronize symmetrically to
synchronization position

In this mode, synchronism is reached at the middle of the synchronization length.
The synchronization movement starts before the synchronization position is
reached and is stopped after the position has been passed.

The synchronization is performed depending on the profile in relation to the
synchronization length or dynamic defaults.

Last programmed setting

Not usable
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Synchronization direction

Gear zynchranization | Cam zynichronization D_I,lnamiu:sl

Synchranization IEffective immediately

Pogition reference IS_I,Inu:hru:-nize fram synchronization position

Synchronization direction I|:|:|m|:|atil:|ilit_l,I mode

gL L L

i Compatibility mode

b aintain direction of the following axis
Megative synchronization direction
Positive synchronization direction

: . | Shortest distance without direction specification
Sync. pos. following 8815 | |jser default / standard

1 Sunc, pos, master setpoint
/ Synchronization length
I F

Sync. pos. mazter setpoint

o
t
The direction of synchronization is determined by the setting in the "Synchronization
Direction" drop-down list box. This setting is only available for modulo axes.
Setting Meaning
Same direction as master Synchronization always takes place in the direction of motion of the following axis.
Compeatibility mode Gearing:
The following axis is synchronized in positive direction
Camming:

The following axis is synchronized within the shortest distance.

Shortest path without direction preset | The slave axis is synchronized over the shortest path.

Negative synchronization direction The axis is always synchronized in negative direction.

Positive synchronization direction The axis is always synchronized in positive direction.
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4.7.5 Desynchronization

You can set the desynchronization conditions in the "Gear synchronization" and "Cam
synchronization" tab of the Synchronous operation > Default dialog box.

Despchronization | Effective immediately j

Desynchronization pozition zpecification of fallawing awiz
Desyrichranization position specification of leading axis
(Efrechyve imrmediately
Desync. master setpoirt ILast programmed setting

n :
Desync. following axis ID-':":":“:":":I Fater A

F

Position reference

Desynchronization length

L Following axis:

f,z—"

-
-

t

The desynchronization condition is set in the "Desynchronization" drop-down list box.

Setting Meaning

Effective immediately Desynchronization starts immediately after the start of the function.

The settings in "DeSync. master setpoint", "Desync. following axis" and "Position
reference" are ignored.

Default desynchronization position of | Desynchronization starts based on the following axis position set in "DeSync
the following axis following axis".

The settings in "DeSync. leading axis" are ignored.

Specified by the desynchronization Desynchronization starts based on the leading axis position set in "DeSync master
position of the leading axis setpoint".

The settings in "DeSync. following axis" are ignored.

End of cam disk cycle The desynchronization is performed at the end of the current cam disk cycle.
(only with camming)

Last programmed setting Not usable
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Position reference

Desychronization | Effective immediately

L L

Pozition reference | Stop befare despnchronization pozition

Last programmed setting

Stop before desynchronization position
‘Stop from desynchronization pozition
Stop summetrically to desynchronization pozsition
Dezpnc. following sz [O-CUOOOT

Dezpnc. master zetpoint

Desynchronization length

L Following anis:

/f

[
-

t

The desynchronization mode is set in the "Position reference" drop-down list box:

Setting Meaning

Stop after desynchronization position | Starts desynchronization at the desynchronization position.

The desynchronization length is derived from dynamic data for a time-based
synchronization profile, and from the "Desynchronization length" parameter for a
leading axis-related synchronization profile. Desynchronization starts after this
length has been passed.

Stop symmetrically to In this mode, desynchronization starts when the axis reaches the middle of the
desynchronization position desynchronization length. The desynchronization motion is started in advance of
the desynchronization position, and stopped when the position is passed.

Desynchronization is performed based on the profile in relation to the
desynchronization length or dynamic defaults.

Stop before desynchronization In this mode, desynchronization starts when the axis reaches the
position desynchronization position.

The start position of the desynchronization with time-related synchronization
profile is determined by the dynamic data, and with leading axis-related
synchronization profile by the "Synchronization length" parameter.

Last programmed setting Not usable
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4.7.6 Synchronization status

The section below shows system variables of S7T Config that can be used to view the
synchronization status:

System variable at the synchronization object:

® enablecommand
The system variable indicates whether a "MC_GearIn" or "MC_CamIn" command was
started at the synchronization object. The following states are indicated:

— ACTIVE - Command active
— NONE - No command active
- WAITING_TO_START - Command waiting for the synchronization criterion

e disablecommand
The system variable indicates whether a "MC_GearOut" or "MC_CamOut" command was
started at the synchronization object. The following states are indicated:

— ACTIVE - Command active, following axis is being desynchronized
— NONE - No command active
- WAITING_TO_START - Command waiting for the desynchronization criterion

® syncstate
This system variable returns the synchronization status. The following states are
indicated:

— NO- The synchronous operation has not been synchronized yet.
— YES- The synchronous operation is synchronized.

o state
This system variable indicates the active synchronization mode at the synchronization
object. The following states are indicated:

— CAMMING - A curve synchronization is active
— INACTIVE - No synchronous operation active

System variable at the following axis:

e syncmonitoring.differencecommandvalue
This system variable indicates the master setpoint difference between the leading axis
and the following axis.

S7-Technology
278 Function Manual, 03/2008, A5E00251798-06



Configuring
4.7 Configuring synchronization axes

4.7.7 Configuration

4.7.71 Configuration - Axis
The Axis > Configuration dialog box shows the axis and drive settings

You can edit these settings in a dialog box by clicking "Configure active data set".

Eﬁﬁxisj - Configuration
¥ Data set changeover
Diizplay: Active after ramp-up:  Encoder:
Data zet 1 1 |'| | Configure dizplayed data zet... I Add |
M ame: I.":".HiS_-I
Proc. cycle clock: IIF'EI j
Technology: IFDIInwing auiz Fodulo: I.i'-.-:tive
Bz type; ILinear axiz [standard/prezsune] Start value: IEI i
Cantraller: IW contraller Length: |1EIEIEI i
Dirive: | 2 type |Heal electrical axis -
- Selected drive iz on the PROFIBUS.
Maximum speed of the drive 30000000 L
Message frame type Message frame 102
I mntiral address for actial wvahies SdR j
Drive data... )
Encoder:; Data =et 1 -~
Encoder Encoder 1
Meszsage frame used Meszzage frame 102
Logical input address 346
Logical output address 346
Encoder type Imeremental encoder ;I
J | i
Cloze | Help |

This dialog box also contains functions for managing the data records for a data record
changeover. If the technology object supports multiple data records, you can:

® (Create new data records

® Delete data records

® Define which data record to load for the technology object during CPU startup, and
® Reconfigure the selected data record.
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4.7.8 Mechanical system

4.7.81 Mechanics - Electrical axis
The Axis > Mechanics dialog box is used to configure the mechanical parameters of the axis
and of the encoder.

t easuring zyzten:

[ Meas system in opposite sense [invert act. pos. valueg) An inversion of both values Encoder parameter...
| . comezpondz to an inverzion of the
I™ Invert setpoint drive direction.
IFI:::tar_l,l encoder system j
Mechanics:

kaunting af encoder:

b otor zide j
Check gear ratio? ";?l

Leadzcrew pitch

— Measuring gear

— Load gear
Mumber of Diigt. per

MHumber of .
motar revolutions: I-I o rnokor resolutions:; I1 - zpindle rew.:
Murnber of Ii Murmber of

! : encoder revolutions: I1 : 10.0 rnrnro

load resolutions:

[ Modulo axis

[™ Backlash on reversal compensation:
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Settings for the axis:

® Drive direction settings

® | oad gear settings

® | eadscrew pitch of a linear axis
® Modulo settings

® Backlash compensation settings
Settings for the encoder:

® Measuring gear settings

® Backlash compensation

® Encoder mounting type

Conditions of determining gear parameters

The configuration may return error messages indicating incompatible gear parameters. The
selection of incompatible configuration data may lead to internal overflows in the integrated
technology. Formulae used to determine suitable parameters:

f1 = Numerator measuring gear x 360 x internal resolution x denominator load gear

f> = Denominator measuring gear x encoder resolution x actual value factor x numerator load
gear

From f1 and f2, the greatest common divisor k must be determined and used in the following
formula:

f11 = (f1/k) < 232
f22 = (fo/k) < 232

The results of f11 and f22 must be less than 232, If this is not the case, check whether an
appropriate modification of the parameters in the f1 and f2 formulas will produce values for f11
and f22 that do not exceed the maximum permissible value.

Check the following value if f11 and f22 meets the requirements described above and a
configuration error is detected nonetheless:

fs = Modulo length x internal resolution

Now you can calculate the greatest common divisor k2 of f3 and f11 and insert it in the
following formula:

fa1 = ((fs x f22 x f11) / (k2 x k2)) < 263

At this point you have to check whether fs1 is less than 263. If not, check whether you can
reduce modulo length. You can also make changes in the parameters in the f1 and f2
formulas, as long as you ensure that the requirements for f11 and f22 are still met.
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Table 4-4

Parameter description

Parameters

Comment

Configuration parameter at the axis

Measuring gear
numerator

Numerator of the measuring gear
ratio

AdaptDrive.numFactor
AdaptExtern.numFactor
AdaptLoad.numFactor

Measuring gear
denominator

Denominator of the measuring
gear ratio

AdaptDrive.denFactor
AdaptExtern.denFactor
AdaptLoad.denFactor

Load gear numerator

Load gear ratio numerator

Gear.numFactor

Load gear
denominator

Load gear ratio denominator

Gear.denFactor

Internal resolution

Internal increments / position unit

Defined in the configuration using the
axis wizard.

Actual value
coefficient

= X for DP drive

X for absolute value encoders:
IncEncoder.incResolution
MultiplierCyclic

X for absolute value encoders:

AbsEncoder.absResolution.MultiplierCyc
lic

A calculation tool is available in a contribution (FAQ) to this topic on the Internet at

http://www.siemens.com/automation/service&support.
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479 Default

4.7.91 Default - "Dynamics" tab

The default values for axis dynamics can be set in the "Dynamics" tab of the Axis > Default
dialog box. The default values are activated if a negative dynamic value is set at a
technology function.

Dyrarmic rezponse

Direction: I Pozitive j

Welocity: I'I oo.o e

Yelocity profile:  [{IEE programmed velocity profile

Jerk: Jerk:

{1000000.0 mm/s* ' - |1000000.0 mm/s

Acceleration: i E Deceleration:

[1000.0 /s : | [1000.0 s
| 1

Jerk: : : Jerk:
| 1

| 1000000.0 mm/e : | [1000000.0 /s

Stopping time: IEI. 1] S

Default values supported:
e Direction

® \elocity

® Acceleration

® Deceleration

® Jerk

® Velocity profile

Stop time

The time set at "Stop time" is in effect when a moving axis is disabled, and if Sfopmode = 2
is set at "MC_Power".
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Velocity profile

The velocity profile defines the response of the axis during startup and when braking, and to
velocity changes.

The technology functions do not use the default value. If you want to change the velocity
profile, use the Jerk input parameter.

You can choose between the following profiles:
® Trapezoidal

The trapezoidal profile is used for linear acceleration in positive and negative direction of
the motion (jerk = 0).

e Constant

The profile shows a constant acceleration, the jerk profile is controllable (jerk <> 0).
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4.7.10 Limits

4.7.10.1 Limits - "Position and velocity" tab
In the "Position and velocity" tab of the Axis > Limits tab you can
e Configure and enable monitoring of the hardware limit switchesI (Page )
e (Configure and enable monitoring of the lsoftware limit switchesI (Page )
Set velocity limits

Set emergency-off deceleration

-1000000000000.00

-] [~
=
/ N

500.000000
r 1000000000004.

10000000000

Emergency off deceleration

The value set for emergency off deceleration is activated when a moving axis is disabled and
Stopmode = 0 is set at the "MC_Power" parameter.
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4.7.10.2 Hardware limit switches

You enable hardware limit switch monitoring in the Axis > Limits dialog box, "Position and
Velocity (Page 146)" tab. Hardware limit switch monitoring is used to limit the operating
range of an axis, or to protect the machine.

Wiring
The HW limit switches can be wired to the four integrated digital inputs of the Technology

CPU, or to I/0O modules such ET 200 or SINAMICS S120 with TM15/TM17 which are
operated on DP(DRIVE).

Traversing range

The permitted traversing range is monitored at the digital inputs of the hardware limit
switches.

Permissible traversing range

% N

Limit
switch

A
Y

Limit B

switch \

Safety range

A 4

NOTICE

The hardware limit switch must be implemented as an NC contact.

The hardware limit switches must remain active after the axis has passed the permissible
traversing range until the mechanical end position is reached.
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Retraction

Safety range

S7-Technology

4.7 Configuring synchronization axes

An axis triggering a HW limit switch is stopped with error messages 8073 and 80485. It is
retracted from the HW limit switch (release motion) as described below:

¢ Manual retraction

The axis is returned manually to the permissible traversing range. The error at the
technology DB can only be acknowledged after it has been returned to this range.

e Retraction with drive

The error at the technology DB of the axis is acknowledged, but the error message and
the LimitSwitchActive bit remain active. The axis can now be returned to the permitted
traversing range. A reverse motion command once again triggers an axis error. The error
messages and the LimitSwitchActive status can be acknowledged after the axis has
moved out of the range of the limit switch.

The current position of the axis is saved upon reaching the HW limit switch is saved. Only
after this position, plus a safety range, has been passed is the axis considered to have left
the limit switch.

NOTICE

The controller may not be switched off after the axis has passed the HW limit switch in
order to avoid a conflict between polarity monitoring of the hardware limit switches and the
overrun monitoring of the hardware limit switches in direction of the valid range. In this
case, the axis is moved into the valid range without hardware limit switch monitoring, and is
then re-enabled.

When the controller is switched on, the axis must be positioned within the valid traversing
range.

Internal states are lost and the configuration is reloaded when the axis passes the hardware
limit switch. Reloading without loss of the approach information is only possible within the
valid range.

Exception: Deactivation of position limit monitoring after a polarity reversal error

The safety range of the HW limit switches is calculated based on the configured resolution of
the system of units of the axis.

Safety range = 1000 / (increments / position)

Example: A linear axis is assigned the position unit "mm" and a resolution (increments /
position) of "1000/unit" in the "Configure units" dialog box, meaning that the axis position is
calculated to an accuracy of 0.001 mm. The safety range in this example is a multiple of
1000 of the accuracy: 1 mm.
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47.10.3 Software limit switch

You can configure the software limits switches and enable the monitoring function in the
Axis > limits dialog box, "Position and Velocity (Page 146)" tab. If the software limit switches
are activated, the traversing distance of the axis is limited with the software limit switches.

Software limit switches should lie within the range of the HW limit switches with reference to
the traversing range in order to limit the working range of an axis, for example.

Monitoring software the software limit switches at start of motion:

® Check box activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the warning 0026'is already displayed in the technology DB of the axis when
the motion is started. In S7T Config the interrupt 40705 is signaled.
The axis travels up to the position of the software limit switch and the error 8074 is
reported in the technology DB.

e Check box not activated
If the target position of a position-controlled motion command lies beyond the software
limit switch, the axis traverses until the pPosition of the software limit switch is reached.
Error 8074 is reported in the technology DB (Warning 0026'is not output).

Behavior for travel to software limit switch:

e For position-controlled traversing:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, the respectively active position controlled or speed-controlled mode
remains.

® |n all operating modes:
The axis traverses until the software limit switch is reached. After the software limit switch
has been reached, an active position controlled mode remains. In speed-controlled mode
the axis changes to position-controlled mode.

Negative position / positive end position:

Enter the positions for the negative and the positive end positions of the software limit
switches in these input fields.

Tolerance window for retraction:

Enter a suitable value in this input field in order to prevent renewed triggering of the software
limit switch error during retraction.

Note

The response of software limit switches is determined by the axis configuration in terms of
the homing function. The limit switches of a configuration requiring a homed axis for the
execution of absolute motion commands ("Homing required: Yes" in the Axis > homing
dialog box) are not monitored if the axis is not homed. By contrast, if the execution of
absolute motion commands is allowed when the axis is not homed ("Homing required: No" in
the Axis > Homing dialog box) the software limit switches are monitored, regardless of the
homing state of the axis.
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4.7.10.4 Limits - "Dynamic response" tab

You can adjust the HW limits (mechanical) and SW limits in the "Dynamic response" tab of
the Axis > Limits dialog box.

The set deceleration limit is activated when a moving axis is disabled and FastSfop = 7is set
at the "MC_Power" parameter.

The status-dependent acceleration model is enabled (default) by setting the "Absolute
values" check box.

The direction-dependent acceleration model is enabled by resetting the "Absolute values"
check box. Additional parameters are displayed in this case.

Position and velocity  Dynaric response | Fiked endstop I

Hardware limitz [irmits that muzst not be exceeded far mechanical reazonz]:

Acceleration: |1 00a0.0 FrrsE Jerk:  |200000.0 s

Software limitz [limits that can be modified by programs]:
' ' ' V¥ Absolute values

Acceleration; Deceleration;
Ir'_| pozitive I pozitive
dir. af travel: dir. af travel:

b I1DDDDDDDDDDDD. mmy's » |1DDEIDI]DEIEII]EIEIEI. Nt

Postive jerk: 4 Meqative jerk:
1
I pogitive ' i — I pozitive
dir. of travel: ! dir. of travel:
b I1EIEIEIEIEIEIEIEIEIEIEIEI. e : | _ > |1UDEIDEIDEIDEIDEIEI. mmds*

[™ Local stop reaction with jerk

Status-dependent acceleration
® Acceleration
Axis acceleration, independent of the direction of movement
e Deceleration

Axis deceleration, independent of the direction of movement
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Direction-dependent acceleration
® Acceleration

Acceleration in the positive motion direction and deceleration in the negative motion
direction

® Deceleration

Acceleration in the negative motion direction and deceleration in the positive motion
direction

Parameter settings with dynamic direction vector are useful, for example, for
suspended axes.

Local stop reaction with jerk

Set the "Local stop reactions with jerk" check box to execute a stop reaction triggered by an
alarm reaction at the axis, with jerk limiting and rounding.

Emergency-stop deceleration

The set emergency-stop deceleration comes into effect when a moving axis is disabled and
Stopmode = Ois set at "MC_Power."
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4.7.10.5 Limits - "Fixed end stop" tab

The "Fixed end stop" tab of the Axis > Limits can be used to enable fixed end stop detection
and to set the corresponding detection mode:

e Use following error
® Using the force/torque

When the selected condition is met, the "fixed end stop" status is reached. Following error
monitoring is disabled if "Move to fixed end stop" is enabled.

Fozition and welocity I Dynamic responise Fiked endstop

Fixed endstop detection: I".,-"ia following error j

Set posii - i
el pozition Fallowing errar for the fiked

\I endstop detection:
- = IEU-E‘ i

|-—| -

— —— -

Pasition talerance after figed
endztop detection;

l\

Pragr. end position Actual pozition at figed
endstop

\

Use following error

Note

When the axis moves onto the fixed end stop, and fixed end stop detection with "use
following error" is set, the entry in "Position tolerance after fixed end stop detection" should
be significantly less than that of "Following error for fixed end stop detection".

Use torque value

The fixed end stop detection function "use torque value" requires that the digital drive
assigned to the axis supports torque limiting, and that a corresponding message frame, for
example, message frame 102 or message frame 105.
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Move to fixed end stop

The "MC_MoveToEndPos function activates the "Move to end stop" function and sets the
clamping torque after the end stop is reached. This operation is also known as "clamping."

The motion is stopped when the axis reaches the fixed end stop and the control remains
active. The setpoint value at the position controller input is held constant. New motion
commands in direction of the clamping position are canceled; new motion control commands
in retraction direction are executed to reduce torque. The position setpoint of the axis is used
as start position of new motion control commands in retraction direction.

The position setpoint of the axis results from one of the following equations, depending on
the fixed end stop detection function:

e "Use following error"
Position at fixed end stop + following error

e "Use torque value"
Position at fixed end stop + clamping tolerance

Conditions for the "Fixed end stop detection" function

® The "Move to fixed end stop" function is reset when the axis moves out of the clamping
tolerance window.

¢ A new command can also be output to toggle the direction of torque when clamping is
active.

e Non-stepped torque transitions and torque retention over a defined time period can be
implemented in the user program, as can definitions of torque profiles.

® Moving to the fixed end stop (clamping) can be disabled by setting a reverse positioning
command.

® A reversal command MC_MoveToEndPos is not permitted and is ignored.

® A mechanical break of the end stop is monitored by means of the actual value of the axis
(clamping tolerance window monitoring).

® The torque limit of the drive is set in [N/m] at the 7Torque parameter of the
MC_MoveToEndPos technology function.

e |f the command is active and the fixed end stop is not detected, the system reacts as with
active torque limiting.
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4.7.11 actual value

4.711.1  Actual value - "Actual value" tab

Activate actual value filtering in the dialog Axis / External encoder > Actual value on the
"Actual value" tab and set the appropriate time constants.

E‘i‘! Technology Axiz_1 - Act_val.

dizplay; Encoder:

Data set; |1 vI I'I_

At val | EHtrapl:nIatic-nl

W Filter an the actual position walue —

Encoder parameter...
Time constant T1; |1 002 x
Time constant T2 |1 .e-002 £

Cloze Help

Filter on the actual position value
Activate the check box if you would like to activate the filtering of the actual position value.

Time constant T1
Here, you set time constant T1 of the PT2 position filter in the actual value system.

Time constant T2
Here, you set time constant T2 of the PT2 position filter in the actual value system.

"Encoder parameter” button
Opens a dialog box in which the encoder data are displayed.

S7-Technology
Function Manual, 03/2008, ASE00251798-06 293



Configuring
4.7 Configuring synchronization axes

47112 Actual value - "Extrapolation” tab

Master value / actual value coupling . .
(axis or external encoder with actual value extrapolation) Following object Following axis
Sact , Sext ,| S |, S N
Filters HExtrapoIa— 7 > Master ¥ Synchro- ¥ Synchro- Limitations Output
Vact p v value nization/ nous P
ac N || ton ext \Y switchover [ fdesynchro-| | operation ||V -

(with nization rule
Agt| 2 dynamics) with a
d/dt [~®| dynamics [ —
(v.a,>x)

If there is a synchronous operation interconnection within a control, the synchronous
operation takes into account the position, velocity, and acceleration of the master value
position.

If an actual encoder value is used as the master value, it is useful to extrapolate the
measured actual value for the synchronous operation in order to compensate for dead times.
Dead times result within the system when measuring actual values, e.g. due to the bus
communication and the system processing times.

The extrapolation is set in S7T Config on the leading axis or on the external encoder in the
dialog Axis / External encoder > Actual value in the "Extrapolation” tab.
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=1 Technology Axis_1 - Act.val.

{ Differentiation of the extrapolated master value |_

The parameters of this dialog can also be read from or written to the user program via
technology parameters.
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Actual value coupling with extrapolation (axis and external encoder)

TO Axis and
External Encoder:

TO Axis / TO External Encoder . .
Following object

IPO or IPO_2 cycle clock

Closed-loop control cycle clock IPO or IPO_2 cycle clock

TypeOfAxis.Extrapolation. ;- 0: ExtrapolationTime <> 0

SmoothingFilter | Tt

SV: System variable

c
Rl
kS
[]
a
©
=
%
)
i £
i ion H
g ExtrapolationTime 1: ExtrapolationTime = 0 o [V
SV: extrapolationData i Extrapola 0 SV: extrapolation | .S currentMasterData.
c @UE ata. g - Data.position | 2 _ |value Synchro-
filteredPosition i tion with -\— il | g Y
i L —te AX o nous
\ plausibility Lt e locit 3 derivedValue operation
i check - Tr ~.velocity| .5 _ [~ :
i ~acceleration| S | function
: o] ™ -
— Filters . &k F Av ] S, IsecondDerivedValue
] AIRE
i . ; T <
TypeOfAXxis. : o Ey?e()fﬁi_s- < Only for TO External
Extrapolation. i TypeOfAxis. % "ePo S O = Encoder:
Filter ! TypeOfAxis. Extrapolation. \e/x Irapto ; e't-h %
g : H ToleranceRange VeélocCitySwitc . .
SV: extrapolationData. -EXtr?POIat"On' Filters 0: Hysteresis not agive % FO”OW|ng ObJeCt
Active filteredVelocit i PositionFilter i (e acti £
X Yy : 1: Hysteresis active X
actual : [ o IPO or IPO_2 cycle clock
value e I 3
system SV: £ ISV:
JAXis: positioningState.actualPosition 2 currentMasterData.
Ext. encoder: motionState.position| E’ _ |value Synchro-
Axis: motionStateData.actualVelocity % nous X
\ . Ext. encoder: motionState.velocity| 3 ~.derivedValue operation|
Filters - o function
Axis:  motionStateData.actualAcceleration % =
TvoeOTAXi AV Ext. encoder: motionState.acceleration| > isecondDerivedValue|
ypeOfAxis. — S
2
]
<

Extrapolation time
(Parameter 7770, configuration data 7ypeOfAxis. Extrapolation. ExtrapolationTime)

Here, you set the time for the extrapolation. No extrapolation if the value entered is 0.0.

Filter on the actual position value

(Parameter 7730 configuration data
TypeOrAxis. Extrapolation. ExtrapolationPositionFilter.enable)

Activate the check box if you would like to extrapolate the actual position value.

Time constant T1
(Parameter 7737 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T 1)

Here, you set time constant T1 of the PT2 filter for the extrapolation in the actual value
system.
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(Parameter 7732 configuration data 7ypeOfAxis. Extrapolation. ExtrapolationPositionFilter. T2)
Here, you set time constant T2 of the PT2 position filter in the actual value system.

The filter acts on the actual position for the extrapolation. The velocity for the extrapolation is
taken over from the actual values of the axis or external encoder before application of the
smoothing filter ( 7ypeOrfAxis.smoothingFilter).

Filter on the actual velocity value

Time constant

(Parameter 7772 configuration data 7ypeOfAxis.Extrapolation. Filter.enable)
Activate the check box if you would like to extrapolate the actual velocity value.
Here, you select the filter for the extrapolation velocity in the drop-down list.
(Parameter 7777 configuration data 7ypeOfFAxis. Extrapolation. Filter.Mode)

(Parameter 7773 configuration data 7ypeOfAxis. Extrapolation. Filter.timeConstant)
Here, you enter the time constant for the filter.

The position is extrapolated based on the filtered or averaged velocity value. Averaging is via
the "time constant".

Tolerance window for actual position value inversion

(Parameter 7774 configuration data 7ypeOfAxis. Extrapolation. ToleranceRange.enable)

Here, you can activate the tolerance window for actual position value inversion

Tolerance window

(Parameter 7775 configuration data 7ypeOfAxis. Extrapolation. ToleranceRange. Value)
Enter the size of the tolerance window here.

If the master value is superimposed with high-frequency noise signals that the synchronous
operation cannot follow, this can cause the dynamic response limits to be exceeded or the
master value to briefly change directions during synchronization.

In this case, define a tolerance window to prevent the dynamic response limits from being
exceeded on the following axis or to prevent direction changes during synchronization.

Master velocity for synchronous operation

S7-Technology

(Parameter 7776 configuration data 7ypeOfAxis Extrapolation.extrapolatedVelocitySwitch)

In the drop-down list, select whether the velocity is to be applied for the extrapolation or if the
extrapolated master position value is to be differentiated.
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Checking the extrapolated and filtered values
The extrapolated and filtered values can be checked in the following system variables:
® exlrapolationdata.position
® extrapolationdata.velocity
® extrapolationdata.filteredposition
® cxirapolationdata.filteredvelocity

® exitrapolationdata.acceleration

Support of encoders with NIST evaluation

With encoders with NIST evaluation, the speed determined by the encoder and the resulting
velocity can be accepted by the encoder. A calculation of the speed and velocity by the

integrated technology is not necessary in this case. Two methods of transmission are
available:

® Transmission in the PROFIdrive message frame

Setting via the configuration data element
TypeOrfAxis.NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_PROFIDRIVE_NIST

® Transmission in the I/O area
Setting via the configuration data element

TypeOfAxis.NumberOfEncoders. Encoder_n.EncoderValueType =
POSITION_AND_DIRECT_NI/STn this case, 4000H corresponds to 100%. The address
is set in the configuration data element
TypeOrfAxis.NumberOfEncoders.Encoder_n.nistConfig.logAdress, and the reference
value in the configuration data element

TypeOrtAxis. NumberOfEncoders.Encoder_n.nistConfig.referenceValue.
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4712 Control

4.7.12.1 Control - "Static controller data" tab

The "Static controller data" tab of the Axis > Control dialog can be used to configure the
position control of the axes.

linear interpolation

Balancing filker active |_

S7-Technology
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Manipulated variable limiting

Manipulated variable limiting represents an absolute high and low limits of the control range.
This limitation is applied prior to inversion.

Note

When the Dynamic Servo Control (position controller in the drive) function is active, backlash
locking (limiting of manipulated variable for the drive) is not effective. Therefore, when DSC
is active, the backstop must be generated in the drive.

Drive

Use this input box to enter the maximum speed of the drive.

"Controller setting" button

This button can be used to implement a simple controller optimization without precontrol and
balancing filters with SINAMICS drives.

Follow the instructions in the "Optimizing the position controller - overview (Page 853)"
chapter if you want to achieve an implemented position control system.

Controller parameters

For further details on the individual controller parameters and their optimal setting, please
refer to the chapter "Optimizing the position controller - overview (Page 853)".

Fine Interpolator

The fine interpolator function is used is to generate interim setpoints when the interpolator
and controller have a different duty factor. Optional interpolation mode settings at the fine
interpolator:

® No interpolation

® Linear interpolation (constant position for positioning axis)

® |Interpolation with constant acceleration (constant acceleration at positioning axis)
® Interpolation with constant velocity (constant velocity at positioning axis)

When set for positioning axes, the position setpoint is interpolated.

When set as speed-controlled axis, the velocity setpoint is interpolated.

Dynamic filter, precontrol, balancing filter

For further details on the settings please refer to the chapter "Optimizing the position
controller - overview (Page 853)".
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4.712.2 Control - "Dynamic controller data" tab

The "Dynamic controller data" tab of the Axis > Control can be used to adjust the dynamic
response of the axes, for example, to match their response in synchronous operation. The
"Dynamic controller data" tab is available when you set expert mode in the "Static controller
data" tab.

The setpoint branch of the control loop contains a configurable dynamic filter which you can
use to adjust the dynamic response of the axes.

Dizplay Active Encoder:

Data set 1 l'l_ l'l_

Static controller data  Dynarnic contraller data l Friction compenzation ]

-

Current control loop Speed contral loop Fosition contral loop
equivalent time equivalent time equivalent time

0.000050 | 5 |I].EII]I]5EII] 2 0100000 | 5

n-control [--xn -

w-controll

e Equivalent time current control loop
The equivalent time current control loop is not used in this version.

e Equivalent time speed control loop
The "Equivalent time speed control loop" parameter can be used to set time constant vTc
(velocity Time constant) of the balancing filter.

e Equivalent time position control loop
The equivalent time of the position control loop is required to toggle from speed-
controlled mode to position-controlled mode and to start the emergency stop ramp.

S7-Technology
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4.7.12.3 Control - "Friction compensation" tab

The "Friction compensation” tab of the Axis > Control tab is used to enable friction
compensation. The "Friction compensation" tab is available when expert mode is set on the
"Static controller data" tab.

om0

The system provides a simple method compensating for the forces of static friction. During
startup from a standstill, a DT1 element adds a static friction compensation signal to the
manipulated variable.

decay

Amplitude /

The friction compensation is added relative to the velocity setpoint. It is only active when
motion commands are executed.

The standstill identification for static friction compensation can be set separately, as is the
case for the amplitude and the decay response. The amplitude and decay response are set
in the configuration.
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4713 Homing

47131 Introduction

Position-controlled axes equipped with incremental motor measuring systems must be
referenced to the position of the mechanical system of the machine each time power is
switched on. The axis is synchronized during homing, based on the activation of a certain
position value at a defined position of the axis mechanism.

Axes can be homed in:

e Active mode (reference point approach)
e Passive mode (flying referencing)

® Direct mode (with position setpoint)

Detailed settings depend on the measuring systems available for measuring the reference
point and on the motion an axis may perform for homing.

4.713.2 Homing - "Active homing" tab

Active homing

Active homing can be configured in the "Active homing" tab of the Axis > Homing dialog box
in S7T Config.

Three homing modes are available for "Active homing":
e Reference cam and encoder zero mark

® Encoder zero mark only

e External zero mark only

Start of the homing function:

MC_Home Mode = 0 Determination of the reference point based on the axis configuration
Mode = 1 Determination of the reference point based on the axis configuration
Position = x The reference point is assigned the value of the Position input
parameter.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone = TRUE.
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Active homing mode with "reference cam and encoder zero mark"

Homing required: IYES j

Horming rode: Horing output carm and encader zera mark,
Harning with

Encaoder zera mark; Iln frant of homing autput canm j

Log. address of |55535
homing output cam:

Start of homing procedure:; IF'n:nsitive direction j Bit number: I j

mrin

Annroach velositu: | \\ v bax distance to homing output cam
IE':'-':I T s > IEI.EI

mrin

Entry welocity: [T bax dizt. ta encoder zero mark.
20.0 mmys \ |n.n

Reduced velocity:

I'ID.D— s -|)/ / \i k\ +

Haome pozition coordinate: Home pozition offzet;

||:|.|:| i IDD mrn

After homing is started with the "MC_Home" technology function, the axis moves to the
reference cam and then approaches the referencing encoder zero mark, according to the
axis configuration. The lower section of the diagram shows the resultant motion sequence.

Meaning of the various parameters:

S7-Technology
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode -

In this case "Homing output cam and encoder zero mark"

Before reference
cam

Encoder zero mark

The axis is homed to the encoder zero mark which lies
before the reference cam with reference to the direction of
reference point approach.

After reference cam

The axis is homed to the encoder zero mark which lies after
the reference cam with reference to the direction of the
reference point approach.

Start reference point approach Positive direction

Reference point approach in positive direction.

Negative direction

Reference point approach in negative direction.

Logical address of reference cam [byte address]

Logical byte address of the reference cam

You can connect the reference cam to the integrated inputs
of the Technology CPU, or to the 10 on DP(DRIVE).

Bit number [Number of the bit]

Bit address of the signal used for the reference cam

Approach velocity -

Velocity at which the axis approaches the reference cam

Entry velocity -

Velocity at which the axis approaches the (shifted) reference
point after detection of the encoder zero mark

Shutdown velocity -

Velocity at which the axis approaches the encoder zero mark
after detection of the reference cam.

Reference point coordinate -

(Reference cam and encoder zero
mark, External zero mark only,
Encoder zero mark only)

Here, you enter the actual position value of the home
position (relative to the coordinate system of the axis)

Homing position offset -

The "Home position offset" shifts the reference point by a
configured distance. The axis travels along this configured
distance at a velocity defined in "Entry velocity", starting at
the synchronization position with encoder zero mark.

Modulo axes always take the shortest distance.

Maximum distance to homing output | deactivated The distance to reference cam detection is not monitored

cam Activated Monitoring of the distance between the start of reference
point approach and detection of the reference cam. If the
difference in this distance exceeds the configured value, the
corresponding technology DB returns error 807D. The
reference point approach is canceled.

Maximum distance to encoder zero | deactivated Distance to go to the encoder zero mark is not monitored

mark Activated Monitoring of the distance an axis travels between the

reference cam and the encoder zero mark. If the difference in
this distance exceeds the configured distance,

the corresponding axis technology DB indicates error 807D.
The reference point approach is canceled.

S7-Technology
Function Manual, 03/2008, A5E00251798-06

305



Configuring

4.7 Configuring synchronization axes

Sequence of the reference point approach

306

® Phase 1: Reference cam approach

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach". The reference cam
approach ends after the reference cam (Phase 1) is reached.

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the reference cam by setting the "Max. distance to homing
output cam" check box. The reference point approach is canceled with error if the
reference cam is not detected between the start and end of the configured distance.

Phase 2: Synchronization with encoder zero mark

After having reached the reference cam, the axis accelerates / decelerates to shutdown
velocity, and approaches the encoder zero mark. The encoder zero mark is derived from
the combined settings of "Encoder zero mark" (after or before the reference cam) and
"Start of reference point approach" (positive or negative direction).

After the reference cam is detected, the PLC synchronizes the axis to the first encoder
zero mark detected in accordance with the configuration. The axis position is set to the
default value minus the reference point shift defined in "Reference point coordinate"
(Mode = 0) or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the reference cam and the
encoder zero mark by setting the "Max. distance to encoder zero mark" check box. The
reference point approach is canceled with error if the encoder zero mark is not found
within the specified distance after the reference cam is detected.

Phase 3: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
velocity to approach the reference point.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "External zero mark only"

Homing required; |ves j
Haoming mode;
Harning with
Signal kransition: ILDW -» High [positive) j
On the external zero mark, side: IHight j
Start af homing procedure; IF'u:nsitive direction j

W Maw distance to ext. zera mark

|n.n T

Approach welocity: |

a0.0 mm.'s

Entry weloity: /
200 mmy's

Reduced welocity: / \.., /

I'IEI.EI e - V / P/ \ =

Home pozition coordinate: Home position offset;

||:|.|:| mm IDD rmm

™
L

™%
-

If homing is started by calling the "MC_Home" technology function the axis approaches the
referencing external zero mark in accordance with the configuration. The lower section of the

diagram shows the resultant motion sequence.

Meaning of the various parameters:
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Parameters Value Explanation

Homing required Yes The axis must be homed in order to execute absolute
motion commands.

No The axis does not have to be homed in order to execute
absolute motion commands.

Homing mode - In this case: "External zero mark only"

Signal transition Low -> High The motion is referenced to the positive edge of the external

(positive) zero mark (setting according to edge evaluation in the drive
component).

High -> Low The motion is referenced to the negative edge of the

(negative) external zero mark (setting according to edge evaluation in
the drive component).

On the side of the external zero mark | left The signal transition is measured viewed from the left side
of the external zero mark, in the selected direction of
reference point approach.

right The signal transition is measured viewed from the right side

of the external zero mark, in the selected direction of
reference point approach.

Start reference point approach

Positive direction

Reference point approach in positive direction.

Negative direction

Reference point approach in negative direction.

Approach velocity

Velocity at which the axis approaches the external zero
mark

Entry velocity

Velocity at which the axis approaches the (shifted) homing
position after detection of the external zero mark

Shutdown velocity

Velocity at which the axis approaches the reference point
coordinate after detection of the external zero mark

Homing position offset

The "Home position offset" shifts the reference point by a
configured distance. The axis moves by a configured
distance at the "Homing velocity", after its synchronization
at the external zero mark edge.

Modulo axes always take the shortest distance.

Max. distance to external zero mark

deactivated The distance to external zero mark detection is not
monitored.
Activated Monitoring of the distance between the start of the

reference point approach and detection of the external zero
mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error 807D.
The reference point approach is canceled.

308
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Note

For homing with "external zero mark", connect the external zero mark as digital measuring
input to the drive component.

In order to execute a reference point approach in "external zero mark" homing mode, select
"Signal transition" and "on the side of the external zero mark" values which correspond with
the drive's configuration or functionality. Instead of being used to configure the measuring
function in the drive, the "Signal transition" and "on external zero mark side" parameters
merely reflect their functionality in order to control the axis motion according to the
configuration.

For information on the configuration of external zero mark detection, refer to the relevant
product information or to the drive manuals.

Sequence of the reference point approach

S7-Technology

® Phase 1: Synchronization to external zero mark

The axis starts its reference point approach at the configured approach velocity and
towards the direction set in "Start of reference point approach”. Synchronization ends at
the external zero mark (phase 1) when the configured signal transition (configured at the
drive component) is detected at external zero mark. The axis position is set to the default
value minus the reference point shift defined in "Reference point coordinate" (Mode = 0)
or at input parameter Position (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and detection of the signal edge by setting the "Max. distance to external zero
mark" check box. Homing is canceled with error if the edge is not detected between the
start of reference point approach and the end of the configured distance.

® Phase 2: Reference point approach

After the configured signal edge is detected, the axis accelerates / decelerates to
approach the reference point coordinate at shutdown velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the external zero mark is detected, provided that the reference point lies within
the deceleration ramp.
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Active homing mode with "Encoder zero mark only"

Haming required: |ves j

Harming mode:

Start of homing procedure: | Megative direction j

Entry welocity: . \ ¥ Mas. dist. bo encoder zero mark
200 I

f i [ o
Reduced velocity:

|1 0.0 s - ¥
Home pozition coordinate: Home pozition offzet;

IEI. 0 i IEI.EI mm

Homing to encoder zero mark is used, for example, at axes for which the encoder can only
set one encoder zero mark in the entire traversing range of the axis. The homing command
initiates axis approach to the encoder zero mark. After the encoder zero mark is detected,
the axis approaches the shifted reference point at homing velocity. The axis position now
has the value defined in the reference point coordinate. The graphic in the figure shows the
resultant motion sequence. Meaning of the various parameters:
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Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute
motion commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Encoder zero mark only"

Start reference point approach

Positive direction

Reference point approach in positive direction.

Negative direction

Reference point approach in negative direction.

Entry velocity

Velocity at which the axis approaches the (shifted)
reference point after detection of the encoder zero mark

Shutdown velocity

Velocity at which the axis starts the reference point
approach and approaches the encoder zero mark

Homing position offset

The homing position offset function shifts the homing
position by a configured distance, meaning that the axis
moves along a configured distance behind the encoder
zero mark detection position at a "Homing velocity".

Modulo axes always take the shortest distance.

Maximum distance to encoder zero
mark

deactivated

Distance to go to the encoder zero mark is not monitored

Activated

Monitoring of the distance between the start of the
reference point approach and detection of the encoder
zero mark

If the difference in this distance exceeds the configured
value, the corresponding technology DB returns error
801D. The reference point approach is canceled.

Sequence of the reference point approach
® Phase 1: Synchronization to encoder zero mark

The axis starts its reference point approach towards the direction set in "Start of
reference point approach" at the configured shutdown velocity. Synchronization with
encoder zero mark (phase 1) ends with the detection of the encoder zero mark. The axis
position is set to the default value minus the reference point shift defined in "Reference
point coordinate" (Mode = 0) or at input parameter Positfion (Mode = 7).

You can also monitor the distance an axis travels between the start of reference point
approach and encoder zero mark detection by setting the "Max. distance to zero mark"
check box. Homing is canceled with error if the encoder zero mark is not detected
between the start of reference point approach and the end of the configured distance.

® Phase 2: Reference point approach

After the encoder zero mark is detected, the axis accelerates / decelerates to approach
the reference point coordinate at entry velocity.

If a reference point shift was configured, the axis approaches this reference point by the
corresponding distance starting at the synchronization position. The direction of motion is
determined by the sign of the reference point shift and by the length of the deceleration
ramp after the encoder zero mark is detected, provided that the reference point lies within
the deceleration ramp.

S7-Technology
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47133
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Homing - "Passive homing" tab

Passive homing can be configured in the "Passive homing" tab of the Axis > Homing dialog
box of S7T Config. The difference compared to active homing is that the required homing
motion is not initiated by a homing command.

Three homing modes are available for "Passive homing":
e Reference cam and encoder zero mark

e External zero mark only

® Encoder zero mark only

Start of the homing function:

MC_Home Mode =2 The current position is assigned the value of the Position input
Position = x parameter at the reference point.

After homing is successfully completed, the axis technology DB returns the status
Statusword.HomingDone= TRUE.

Note

Note that not all drive components support all homing mode or measured signal evaluation
functions. For details, refer to the documentation of the drive components used.

Triggering of encoder zero marks or reference cam monitoring during passive homing
operations is indicated by a corresponding error message at the technology DB. The current
axis motion is terminated in this case.
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Function Manual, 03/2008, A5E00251798-06



Configuring
4.7 Configuring synchronization axes

Passive homing mode with "Reference cam and encoder zero mark"

e &
Homing output cam and encoder zero mark, |_

Current direction

After the axis has passed the reference cam, the next encoder zero mark triggers axis
homing. The axis position is set in the reference point to the value defined at the Position
input parameter of the "MC_Home" technology function.

Meaning of the various parameters:

S7-Technology
Function Manual, 03/2008, A5E00251798-06 313



Configuring

4.7 Configuring synchronization axes

Parameters Value Explanation
Homing required Yes The axis must be homed in order to execute absolute motion
commands.
No The axis does not have to be homed in order to execute

absolute motion commands.

Homing mode

In this case: "Reference cam and encoder zero mark"

Direction of motion

Positive direction

The axis is only homed with positive approach direction to the
encoder zer