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Security-
information

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

In order to protect plants, systems, machines and networks against cyber threats, it is necessary
to implement — and continuously maintain — a holistic, state-of-the-art industrial security
concept. Siemens’ products and solutions constitute one element of such a concept.

Customers are responsible for preventing unauthorized access to their plants, systems, machines
and networks. Such systems, machines and components should only be connected to an
enterprise network or the internet if and to the extent such a connection is necessary and only
when appropriate security measures (e.g. firewalls and/or network segmentation) are in place.
For additional information on industrial security measures that may be implemented, please visit
https://lwww.siemens.com/industrialsecurity.

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

To stay informed about product updates, subscribe to the Siemens Industrial Security RSS Feed under
https://lwww.siemens.com/cert.
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Basics

‘ 1. Basics

1.1. Introduction

If axes are to be used in SIMATIC Motion Control via axis technology objects that can only be moved within a defined
travel range without this travel range being mechanically limited, then the modulo function of the axis technology objects
can be used.

Rotary axes, for example, only have a travel range that maps the axis position to the full circle in the range from 0° to
360°. Even motion commands over 360° end up at a position within 0° to 360°. The modulo function can be used to limit
the position range of a rotary axis to the range from 0° to 360°. If the rotary axis reaches the 360° position, this is equated
with the 0° position by the modulo function and the position count starts again from the beginning.
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180°/540°/900°... 180°
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1080° - — = — —
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0° > 0° >
Without Modulo With Modulo

However, the modulo function can also be used to advantage when processing products on a continuous web. For
example, it can be used to standardize the positions within consecutive products on a product path. In this case, the
resulting modulo length is not the full circle of the rotary axis, but the length of the individual products on the continuous

web.

If the length of the products is to be changed in this application, the modulo length must then be changed at machine
runtime in order to be able to precisely adjust the position range within the product again. This document describes how
you can implement the change of the modulo length at runtime and thus use the modulo function of the axis technology
objects for the position reference of passing products.
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Basics

1.2. Prerequisites

When using modulo axes, it is particularly important to adapt the configuration of the mechanics in the technology object
to the real mechanics of the machine. Deviations between the real position of the machine and the position calculated
from the mechanical parameters in the axis technology object are added up with each modulo cycle. This means that
even a minimal deviation in the mechanics configuration can result in a large position deviation (1) between the real
mechanics and the axis technology object in the controller over time.

Position deviation (1)
/ modulo cycle [[] Modul-Startposition in first cycle

| | Il Modulo-Startposition after n cycles

1 2 3
cycle cycles cycles

It is therefore advisable to move the axis several modulo cycles during commissioning on the real machine and to check
the position (e.g. by precise remeasurement). If there is a position deviation, you can adjust the configuration of the
mechanics in the technology object accordingly.

Configuration of the mechanics for rotary axes

For rotary axes, you only need to enter the motor revolutions and the resulting load revolutions. To compensate for
minimal mechanical inaccuracies, you can also enter a multiple of the calculated values:

A gear factor of 1:1 was calculated. During commissioning, an inaccuracy of 1% is noticeable. In this case, the gear factor
can be adjusted to 100:101 in order to compensate for the inaccuracy and adapt the configuration of the technology
object to the real mechanics.
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D Invert drive direction

Load gear

Number of motor revolutions: | 1 |

Number of load revolutions: | 1 |
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Configuration of the mechanics for linear axes

A gearbox factor is configured for linear axes in the same way as for rotary axes. In addition to the gearbox factor, a
spindle pitch is specified, which converts the rotary movement of the motor into a linear movement.

NOTE The spindle pitch specifies how much distance the linear mechanism travels per revolution of the load
side of the motor gearbox or the motor itself in the case of motors without a gearbox. The spindle
pitch is not only used for linear mechanisms with spindle drives, but also for other mechanisms such
as belt drives. In this case, the spindle pitch corresponds to the circumference of the roller via which
the belt is driven.
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2. Implementation

2.1. Parameterization in the technology
object

To change the modulo parameterization at runtime, first configure the "Start values" in the parameterization of the
technology object. To do this, first activate the modulo function in the basic parameterization of the technology object.

Then define the modulo range via the modulo start value at which the position count begins and the modulo length after
which the position value is reset to the start value.

Modulo

E Enable modulo

Startvalue: |D.D ”|

Length: |360.0 =]

This parameterization is transferred to the controller when the technology object is loaded and is directly active so that
the axis moves between 0° and 360°.

Modulo-Lengt

b I P A A Modulo-Startvalue

2 uomatich 7]

2.2. Programming

Once you have activated the modulo function in the technology object, you must create the user program that is
responsible for changing the parameterization of the modulo function during the runtime of the user program. However,
the programming can also be used to change the start value. Carry out the following steps to integrate the change to the
modulo parameterization into your user program:
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No. Action

1. Drag the "WRIT_DBL" function from the Extended Instructions into your user program.

..3TF [CPU 1515TF-2 PN] » Program blocks » TOChangeModulo [FB3]

Options
S FE p SAEEE R [wicpee | Wy Wt 2 % o=
TOChangeModulo > | Favorites

Name Data type Default value Retain A B [ T

1 <0 ~ Input A —
Name Description
n Add news =
2 cenew g B » [] General
| [<T L] — » [5i] Bitlogic operations E
» [@&] Timer operations
oo BoA e o ] b [13] Counter aperations
¥ Block title: TOChangeModulo » [¢] Comparator operations
Comment » [] Math functions
<| [ ]
v 3 Network 1: ~ ‘ Extended instructions
Comment Name Description
» [ Recipe and data logging
WRIT_DBL ~ | 7] Data block control
Variant 2 CREATE_DB Create data block
RET_VAL}|—<777= 3 READ_DBL Read from data block ...
—lEN BUSY — <777 i WRIT_DEL Virite to data blockint.
<23 —|reg - 4 ATR DB Read data block attrib...
— Y ] ]
<777 SRCBLK =
—_— /l'echnolngy
Jname Description
Note:

The modulo parameterization is defined when configuring the technology object in the TIA Portal and
transferred to the load memory during commissioning by loading the controller. To change values in the load
memory, you must use the "WRIT_DBL" system function. This function makes it possible to write values to the
controller's load memory and thus change them.

If you try to change the values in the load memory via a "normal” write access, a programming error is
detected in the SIMATIC S7 controller and it switches to the "STOP" operating state, provided the error
organization block for handling programming errors is not present in the user program and therefore cannot
be called.

No. Date and ti.. Event

1 1212023 .. System initiated request: STOP - CPU changes from RUN to STOP mode HO

1 //Write axis modulo length directly to TO 2 12i1i2023 _ Programming error (OB start event) - CPU changes to STOP made (no OB processing) ﬂ o

2 #axis.Modulo.length := 360.8; ‘ 3 1212023 .. Technologyfunction: write protection error at FB 2 B
.M -L 1= N:H

Details onevent: [3 | of [230 Event ID

Module: [S7-1515TF

Rackizlot: [Rack 015lot1

Description: [Temporary CPU error: Technology function: wiite protection error at F8 2
affecting execution of OB 1

accessing Volstile DE area

Incarrect address, operand ignored

N

57-1515TF157-1515TF

~
Help on event: | Atechnologyfunction reported a write protection error.
Resolution:
Check the technology function parameterization and calling context
v
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No. Action

2. Connect the inputs and outputs of the "WRIT_DBL" function:

e REQ: Start of the write process via a TRUE signal at the input. This starts the transfer of the transferred variable to
the load memory.

e SCRBLK: Pointer to the data area in the working memory that contains the value to be changed. The data type
must correspond to the target data type. A variable of the data type "LREAL" can be transferred to the function
block here, which contains the parameter value to be changed.

e RET_VAL: Returns the error information. If the value W#16#0000 is returned here, the function was executed
without errors.

e BUSY: The write process is not yet complete and the parameter value is still being transferred.

e DSTBLK: Pointer to the data area in the load memory that is to be written to. The corresponding parameter of the
technology object must be specified here.

hd Network 1: Wirite Modulo length in TO

WRIT_DBL
Varant
#tempRetval
RET VAL — WriteMedulo
w— EN #writeModulo
#emdWrite BUSY — BUsY
ModuloLength — geg #axis.Modulo.
#userDefined DsTBLK — Length
ModuloLength — spepLK ENO —

Connect a variable or a constant with the value that you want to use as the new modulo length or as the modulo
start value to the "SRCBLK" input of the "WRIT_DBL" instruction.

Specify the variable of the axis technology object to be written at the "DSTBLK" output. Use the following variables
to change the modulo parameterization:

¢ Modulo start value: <TO>.Modulo.StartValue

¢ Modulo length: <TO>.Modulo.Length

Note:
A more detailed description of the "WRIT_DBL" function can be found in the TIA Portal online help or in the SIMATIC
Motion Control manual: https://support.industry.siemens.com/cs/ww/en/view/109817883

3. After writing the new modulo length to the technology object, it does not become active immediately. The
technology object continues to use the previous modulo length. In order for the new modulo length to become
active, a restart must be carried out on the technology object via the Motion Control instruction "MC_Reset" with
"Restart" = TRUE.

*  MNetwork 2: Reset Axis after Medulo change

#instResetAxis
MC_RESET

][]
Done — ©
Busy — ‘zlse
~—EN Command
#axis — Axis Aborted —
#statWrite Error —
MeduleDone — Eyacute Errorid 610

TRUE — Restart ENO —

Note:
To perform the restart, the technology object must not be enabled via the Motion Control instruction "MC_Power"
and must therefore also be at a standstill.

Note:

For example, you can use the negative edge of the "BUSY" output of the "WRIT_DBL" function as a trigger condition
for the restart. It must only be ensured that the axis is not enabled when the restart is to be executed.
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The following trace shows the behavior with the programming explained above when changing the modulo length:

1. The axis moves with a modulo length of 360°.

2. The modulo length is adjusted to 180° using the "WRIT_DBL" function.

3. Avrestartis carried out on the technology object via the "MC_Reset" motion control instruction.
4. The axis moves with a modluo length of 180°

Axis_1.Medulo.Length ()

RestartActive s_1.5tatusWord.x2

0 | |_| HomingDone Axis_1.5tatusWord x5

V] 2 3 4 5 & 7 8 9 10 11 2 3 14 15 16 17

2.3. Peculiarities

Behavior of the position values of the technology object

After the modulo length has been adjusted, the "referenced" status is retained on the technology object. However, the
absolute position value may differ from the position value before the change. This change in the position value depends
on the encoder used and whether it is a virtual or simulated axis. It may therefore be necessary to reference the
technology object again via the motion control instruction "MC_Home" after the modulo length or the modulo start value
has been changed.

Online status of the technology object

After changing the modulo length via "WRIT_DBL", onlineloffline differences are displayed in the TIA Portal.

= [ Technology objects o
ﬁ Add new object
v 1 axis_1 [DB32] 0

& Configuration
b commissioning
ﬂ Diagnostics
» r\-_* Outputcam o]
» [ Measuring input o)
These differences are due to the change in the load memory. When the technology object is reloaded into the controller,
the values changed at runtime are reset to the value configured in the TIA Portal for the modulo length.
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