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Legal information

Use of application examples

Application examples illustrate the solution of automation tasks through an interaction of several components in the form of text,
graphics and/or software modules. The application examples are a free service by Siemens AG and/or a subsidiary of Siemens AG
("Siemens"). They are non-binding and make no claim to completeness or functionality regarding configuration and equipment. The
application examples merely offer help with typical tasks; they do not constitute customer-specific solutions. The application examples
are not subject to standard tests and quality inspections of a chargeable product and may contain functional and performance
defects or other faults and security vulnerabilities. You are responsible for the proper and safe operation of the products in
accordance with all applicable regulations, including checking and customizing the application example for your system, and
ensuring that only trained personnel use it in a way that prevents property damage or injury to persons. You are solely
responsible for any productive use.

Siemens grants you the non-exclusive, non-sublicensable and non-transferable right to have the application examples used by technically
trained personnel. Any change to the application examples is your responsibility. Sharing the application examples with third parties or
copying the application examples or excerpts thereof is permitted only in combination with your own products. Any further use of the
application examples is explicitly not permitted and further rights are not granted. You are not allowed to use application examples in
any other way, including, without limitation, for any direct or indirect training or enhancements of Al models.

Disclaimer of liability

Siemens shall not assume any liability, for any legal reason whatsoever, including, without limitation, liability for the usability,
availability, completeness and freedom from defects of the application examples as well as for related information, configuration and
performance data and any damage caused thereby. This shall not apply in cases of mandatory liability, for example under the German
Product Liability Act, or in cases of intent, gross negligence, or culpable loss of life, bodily injury or damage to health, non-compliance
with a guarantee, fraudulent non-disclosure of a defect, or culpable breach of material contractual obligations. Claims for damages
arising from a breach of material contractual obligations shall however be limited to the foreseeable damage typical of the type of
agreement, unless liability arises from intent or gross negligence or is based on loss of life, bodily injury or damage to health. The
foregoing provisions do not imply any change in the burden of proof to your detriment. You shall indemnify Siemens against existing or
future claims of third parties in this connection except where Siemens is mandatorily liable.

By using the application examples you acknowledge that Siemens cannot be held liable for any damage beyond the liability provisions
described.

Other information

Siemens reserves the right to make changes to the application examples at any time without notice and to terminate your use of the
application examples at any time. In case of discrepancies between the suggestions in the application examples and other Siemens
publications such as catalogs, the content of the other documentation shall have precedence.

The Siemens terms of use (https://www.siemens.com/global/en/general/terms-of-use.html) shall also apply.

Cybersecurity information
Siemens provides products and solutions with industrial cybersecurity 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 cybersecurity 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 cybersecurity measures that may be implemented, please visit www.siemens.com/cybersecurity-
industry.

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 Cybersecurity RSS Feed under
https://lwww.siemens.com/cert.
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What's new

1. What's new

1.1. New features

Issue Date Description

2.0 2025/04/04 First version

2.1 2025/05/14 Improvements, see change log
2.2 2025/06/30 e Central Functions:

- Json-Files for manual operation lines will be downloaded to the Unified Panel via
system functions (without an USB-Stick).
- Multilingual support for “interface boolean” screen.
- New "Enhanced interface” allows to show also non-Boolean signals like complex
UDT's.
e Unit
- Unit detects automatically if SIMIT simulation is connected and running
- Command interfaces extended
- Commands can now be enables/disabled during operation
- Mode and state history extended
e Equipment modules
- User can now configure in which modes and states the EM can be linked or
unlinked from the unit
- The user can now select which command interface is active when an EM is
unlinked from unit.
e HMI
- New navigation concept : It is now much easier to add new units and equipment
modules.

New popup for special functions: It's now possible to clearly define what the special function
should do for the selected units.

Table 1-1: New features

1.2. Change log

See Chapter Change Documentation
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Introduction

2. Introduction

2.1. Overview

Machine Overview

D R Jnit
er: Mode : = | State
! Manal ! M sovped 71—

. Overview
Machine
behavior

Parameter
Manual

Messages

PLC, HMI
and Drives

Diagnostics

StateModel

Automation

Framework

Diagnostics

Application
solution

Figure 2-1: Siemens Automation Framework

A core offering of the Siemens Automation Framework (in following named as AFsasic) is a comprehensive collection of TIA
Portal libraries, application examples, HW configurations, and good programming practices in a consolidated,
preconfigured TIA Portal project. It offers basic functionality to develop a generic automation application. It comes with a
fully configured operator panel which contains main navigation and operating functions. On this basis, the user can easily
build and extend his own project modularly using additional PLC and HMI objects from the library.

The project introduces but does not dictate a best practice for intuitive TIA Portal project structuring and provides
application examples for PLC, Motion and HMI programming ready to use.

This document describes the content and structure of the TIA Portal project Automation Frameworksasic and its libraries.
The user is free to modify the project or start over with an empty project to avoid unused code in his application.

Key Features

e Modularized PLC and HMI TIA Portal project conform to the physical modell according to ISA-88
e User-friendly implementation of OMAC PackML compliant mode and state manager

e Pre-configured operator panel and guidance where and how to extend the configuration

e Introduction on easy integration and handling of libraries and updates

e Various TIA Portal libraries with application solutions (examples)

e Manual operations with HMI templates for example to execute jog operations

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 8



Introduction

Goals

e Holistic TIA Portal project & libraries that suits various machine types
e Guidance and best practice sharing how to implement various application uses cases

e Easy extention by utalizing additional Siemens technology offerings, out-of-the-box libraries, application examples,

templates, and how to integrate them

Benefits for the machine builder and equipment end users

e Modularity allows reusability and better return of invest

e Isolation of equipment increases flexibility

e Fastimplementation and harmonized operation of different machine types
e Flexibility to manage updates, feature extension and change request

e Preconfigured operation key performance indicators (KPI)

e Harmonized process and system diagnostics speeds up commissioning and minimizes production downtime

NOTE . . L . . .
o The intention of the AFgasic project is to be used as a TIA Portal project template for various machine

types. It does not claim to be a fully comprehensive out of the box solution. The user remains
responsible developing his own application, implementing the needed use cases, and incorporating
updates and patches where necessary.

For existing machine code implementation, the user can import and utilize elements of the AF library
where appropriate.

Required knowledge
A general knowledge of the following areas is needed to understand these manuals:

e Automation engineering within

- SIMATIC and SINAMICS Hardware
- SIMATIC STEP 7 (TIA Portal)

- SIMATIC WinCC Unified (TIA Portal)
- SINAMICS Startdrive (TIA Portal)

e Machine and plant diagnostics

e Industrial Communication and Networks

NOTE . . o . .
Please be aware that the usage of the TIA Portal project requires the latest Unified Panel image version

(from V20.0.0.0).

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 9



Introduction

2.2. Scope of Delivery

The Version 2.2.2 of Automation Frameworksasic /AFsasic Library includes:
e This user documentation "109987391_AutomationFramework_Basic DOC_V2_2 2 en.pdf"

e TIA Portal Project "109987391_AutomationFramework_Basic_PROJ_V2_2 2 V20.zip"

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 10



2.3.

Used Libraries

The following TIA Portal libraries are used in the AFsasic project:

AFsasic Global Library

Introduction

The AFeasic global library contains all sub-libraries, master copies and user documentation recommended for the AFeasic.
Upcoming releases, patches, and updates will be provided via this global library. Update procedures based on TIA Portal
standard features are covered in chapter Library handling and updates.

Library Description Link
Name

The Library of General Functions (LGF) extends the STEP 7 instructions in TIA Portal for PLC _

programming (mathematical functions, times, counters, etc.). The library can be used S105-1D:
LGF unrestricted and contains features such as FIFO, search function, matrix calculations, astro timer, 109479728

etc.

The OMAC PackML library (LPML) provides a user-friendly basis for the configuration and use of 5,05 p-
LPML an OMAC-compliant mode and state manager for SIMATIC. 109821198

The Library of Unit Control (LUC) provides function blocks that simplify LPML OMAC state

machine handling, preprocesses operator or remote commands (e.g. via OPC UA) and offers a SIOS-ID:
Luc stack light implementation. It uses blocks and data types from the LPML and extends its 109974940

functionality.

The Library of Automation Framework (LAF) provides blocks to easily implement an ISA-88 As part of
LAF structure and common functions. It uses blocks and data types from the LUC library and extends ~ Automation

its functionality. Framework

The use of a SIMATIC S7 CPU as an SNTP server enables flexible and simple synchronization of .

. . . SIOS-ID:

LSNTP systems and subsystems, for example, to obtain meaningful timestamps for error messages and 109780503
(LCom) logging data system wide. —

This library provides an axis function block with very extensive functions for simple control of SIOS-ID:
LAxisCtrl axes. Itis used in the LBC library blocks for axis control or be used standalone. 109749348

The “Library of Basic Controls” (LBC) provides basic controls that are programmed in a SIOS-ID:
LBC standardized concept according to the Siemens programming style guide and the “PLC Open” 109792175

guideline.

The “Library of PLC data types" (LPD) contains PLC data types which describe the data structure of 5|0S-ID:
LPD the address spaces and the data records of peripheral | technology modules and PROFIdrive 109482396

drives.

Table 2-1: Libraries used in AFsasic project

Entry ID: 109987391 | V2.2.2 | 10/2025
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2.4. Hardware and Software Requirements

The AFgasic project was developed based on the following components:

Hardware

SIMATIC S7-1200 G2 with Firmware Version V1.0.0 or higher (S5/0S-ID: 109972011)

WinCC Unified Panel with display size 12" (from Panel Image V19.0.0.2, SIOS-ID:109825605)

SINAMICS S200, S210 and G120

ET 200SP

Software

TIA Portal V20 or higher
SIMATIC STEP 7 Basic V20 or higher for PLC engineering
SIMATIC WinCC Unified 20 or higher for HMI engineering

SINAMICS Startdrive Basic V20 or higher for configuration and commissioning of drives, PLC connection, diagnostic,
optimization and parametrization

TIA Portal Add-In Code2Docu \4\ for generating PLC-Block documentation

Optional products to be used

S7-PLCSIM V20 or higher for PLC logic simulation
SIMATIC WinCC Unified PC Runtime V20 or higher for simulation of the HMI application
SIMATIC Visualization Architect (SiVarc) for automatic generation of "ready to use" screens

SINAMICS Startdrive Advanced for safety acceptance and safety activation tests, measurement functions and long-
term trace

Licenses

The following licenses are used in the AFB project:

See current AFB component release list

Mandatory for order and version information License which must be delivered to the end user
Yes SIMATIC STEP 7 Basic V20
No SIMATIC S7-PLCSIM V20
Yes SIMATIC WinCC _Unifigd V20 Comfort
Engineering
No SIMATIC WinCC Unified PC Runtime V20 1x Runtime License for SIMATIC WinCC Unified PC (10k) RT
Yes SINAMICS Startdrive Basic V20
No SINAMICS Startdrive Advanced V20 1x Engineering-License for SINAMICS Startdrive Advanced

Table 2-2: Licenses for ABF project

NOTE . . . o N )
The HMI power tag license might vary with your specific application. Please ensure corresponding

license size if needed.
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2.5. User-defined documentation - Online Help

Over time, you create your own contents in your project or library, for example, blocks, tags, or library types. While the
operating principle of the TIA Portal is described in the supplied help system (F1), there is no help for the contents you
have created yourself.

TIA Portal provides a system function to open a document (Shift+F1) related to the block. You can create your own user-
defined documentation to explain to other employees how your project and functions work or how to use individual
library types or blocks.

NOTE

User-defined documentation is not copied together with a type to another library. You need to copy
the user-defined documentation for types to the corresponding directory.

For additional help on using the user-defined documentation, refer to the section "Using user-defined
documentation” in TIA Portal documentation.

- [} (5 Anstoginurcni®s uane) x [ = B %
G IR e B X Ta) X e s 3 (&) file | CyUsers/Siemens/Documents/Automation/Sessions/Automation_Framework_MC/LS/UserFiles/UserDocumentation,en-US/Library320t. v - @& @
LBC_AnaloginputCn (FB / V3.0.0)

Ouendgw

Short description
The funclion is usad for processing (sealing) a valua from analog input eard and converts it into & meaningful unit (temperatura. haight. pressura ) thal is within a user defined
range
The periphery 10 card is working with current or voltage - depending on the card and fis configuration

Interface description

Block interface

LBC_AnalogInputin (FB)

enable — Bool
parentReferencebesignator ——— WString[128]

analogvalue ——— 1nt

simulatesanalogvalue Int

L8C_typaanaloginputconfiguration
e ypeinalogiopyicont ipuest. canfiguration

configuration -t

LEC_typeAnaloglnputinterface
madulelnterface =P LE medulelnterface

LEC

Controliiade
controlliode - e e des gontrolNode

Input parameter

Identifier Data type Default value
Bool FALSE _
WSIngg128] Na npasing e moduss name
T I o nput vaiue from senso T
simulaedAnalogVaive Cint o Samulaled analog inpul
el IniOut parameter
Identifier Data type Description
configuration LBG_typeAnaloginpuiContiguration | hioduie reiated coniguration parameters
moguleintertace LEC_typeAnaioginputinterface Module interface for externai systems
'I confroiNode LBC_typeAnaloginpuiControivode | Wodule refated corirol node wrapper
Status & Error codes
Figure 2-2: How to open online help for library blocks
2.5.1. Directories for user-defined documentation

User-defined documentation can be saved in the following directories:

TIA Portal project folder

Save the documentation under [project folder]\UserFiles\UserDocumentation\[language]. This way the documentation
can be forwarded with the TIA Portal project.

Directory of a global library

Save the documentation in the directory of the [global library]\UserFiles\UserDocumentation\[language]. This way the
user-defined documentation can be forwarded with the global library.
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Central directory on the hard drive or a network drive

You can store the documentation in a central directory on the hard disk or on a network drive. This way you can access
documentation from different projects or share the documentation via network drive. The directory path for the user-
defined documentation must be specified in the TIA Portal XML configuration file or via the TIA Portal settings.

2.5.2. Code2Docu

In AF the user documentation is written in the code section of each block (Comment of Network 1 and 2 as multi-
language for LAD blocks and a comment in Region Header Info and Description for SCL blocks).

B4, Siemens - C:UsersSiemensiDocuments\AutomationiSessionsWAutomation, Framework MOAutomation, Framework MC = =
Project Edit View Insent Online Option: Tools Window Melp Totally Integrated Automation
S smepciecr @ X WX D2 G RDMERGQ F coonine Ff Gooifine By MW ° PORTAL s v B @

» 10_Central » 05_Diagnostics » MotionAndDrives » LAF_SetDriveObjectConfig  — il i X

| Devices | Pant objects |

LAF_SetDriveObjectConfig (FC / 2.0.0)

W] Bcheckin Bp* 2 @ (HR [ D2 0, EGEWCGAR Y IR WG Overview
- . py = L femens Dighal Induste
=P e 3 e e
» (&) Motion Short description
i Q;:':I“Dm""”’""“"’ This block sets the configuration data of a drive object for the drive dlagnostic in the configuration array
asions

dependig on the parameterized index and the input values during startup
~ 5 rrogram blocks

¥ Add new block
v L
» il 10_Central
» ) 00_General

Interface description

Block interface

[ urpev w] _sonvian T onel B] Bumsel <] swomnusul 1

i :ZZ:;;:‘:':V-IMLM LAF_SetDriveObjectConfig (FC)
Ea index —— ot Void —}— et val
Bt P [— |

‘.W'«w‘”"“ﬂ‘ axisD8 —f—— DB_ANY wWord ——— status
stnaTyve —— It Lu#_typedagrosticssinple —|— diagrostics

» il etorstarter sinomI> —f— w10

S S sinsdrtvecbiectioc —f— ustnt
40 scthunagemant

50_Sequencer
60_ControlModules

Input parameter

Identifier Data type Description
ndex Dint Inder that spaciies which arve cbject in he
‘configuration array is set
» Bl uswe eferenceDesignator Weting Name or reference designator of the diive object thal 15
> shown in HVI (i value is defaultvalue, than HMI shows
‘DI LLC N name of TO: if no TO is used, than HMI schows an
= Leauma flae > empty string; max.length = 128 chars)
e w08 08_ANY DB of technology object (i no TO is used, &xisDB = 0)
|Detalls view SnaType Uint 0=NO_TYPE_ 114=G120, 1245120 125-5120_EPOS
220=8200. 221=5200_EPOS, 222=5210.
223=5210_EPOS
SinarhiD EI) dentiication of PROFINET 10 device or DP siave for
Name address Sinamics drive object
SinalrieObjectNo USint Sinamics dive object number (f dive s single-axis
dive object numer
=1)
Output parameter
A <] identifier Data type Description
< i (3]t 1 S [io0% B ——— B Rot Val Vo Void - Function has no retum value
| 3 Properties [, Info | % Diagnostics | Plugins | error Bool "An error occumred during the execution of the FC
- shatus Word 7690000 - TGRTFFF. Status of o FC, 1698000 4
4 Portal view T T e R T e . 1650000 - TGRTFFF S .

Figure 2-3: Example of a block documentation generated with the add-in Code2Docu

With the help of the TIA Portal AddIn Code2Docu \4\ a document can be created for each block automatically for all used
languages.

Code2Docu Add-In - Process flow

Doc. ut

« DOCK 2 05
= PDFE

= HTML

TIA Portal

Figure 2-4: Code2Docu — Process flow.

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 14



Introduction

2.6. Programming conventions

AF follows the conventions of the Siemens Programming Style guide for S7-1200/S7-1500 and the rules of the Siemens
Programming Guideline, Siemens Programming Guideline for Safety and Engineering Guidelines for WinCC Unified.

More information about the Programming Style guide available in the following link:

Siemens Guidelines

Programming Styleguide
Deviation from these guidelines apply to the following guideline style rules:
e GLOO3 Rule : Supply texts in all project languages.

Project texts must always be translated into all active project languages. While the AF project supports Chinese,
English (UK), French, German, Italian, Korean, and Spanish, the texts are currently provided only in English (United
States). Users are responsible for editing and supplying the translations needed for their specific project languages.

... DP.FRWA1,1.0.000CC1-KEDT [CPU 1517TF-3 PNIDP] » Software units » ObjectsOfProjectLibraryllsed » Program blocks » LAF ¥ 10_Central » Diagnostics » MotionAndDrives b LAF_SetDriveObjectConfig

PP D LEQGPOGERET CHEER S B TP 6 =
LAF_SetDriveObjectConfig
Hame Date type Defeuitvalue | Comment
€~ input ~|
:oa@ms index oint index that specifies which drive objectin the “config,
i 0=  referenceDesignator Wstring Name or reference designator of the drive cbject th [w]
o GEE-TOL WA aon
3 o]
i
Lni3s  d:29 NS [woow = |
| [ 9 Properties |% Info | % Diagnostics |
General |\ Texts !
= o
@ English (Unrted States) German (Germany) French (France) Iealian (italy) Spanish (Spain) Korean (Keres} chi
[Tiis Block sets the ration data ofs drive object for the drive diagnost..|

Index that s pecifies which drive object in the ‘configuration’ array iz set
Temporsry uslue for input index’

Figure 2-5: In the block editor the texts and their translations can be easily managed in the tab “Texts”

e NFO002 Rule : Use meaningful comments and properties

Comment and property fields shall be used and filled with meaningful comments and information. This includes, for
example

- Block title and block comments (refer also to “NFOO3 Rule: Document developer information”)
- Block interfaces (variables and constants)

- Network title and network comments

- PLC data types, Named value data types and their variables

- PLCtag tables, PLC tags and user constants
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- PLCalarm text lists, PLC supervision & alarms

- Library properties

Justification: Using this the user gets the most information and guidance in using the components, e.g. through
tooltips.

Although the AF project supports Chinese, English (UK), French, German, Italian, Korean, and Spanish, the texts are
currently provided only in English (United States). Users are required to add translations in the necessary project
languages.

\Slemens\Documents\Autc

atiol

Sessions\Automation_Framework_MCOAutomation_Framework_MC

wt Edt View jnzert Qoline Option: ook Window Help

B sowpoes B X 80X Dot JWERR V Goonine F cooti: S I ¥ ] 170z i
. DP.FRWA1.1.0.000CC1-KEO1 [CPU 1517TF-3 PN/DP] » Software units » ObjectsOfProjectLibraryUsed » Program blocks » LAF » 10_Central » Diagnostics » MotionAndDrives
Devices | Plant objects 0]
& ()= By Checkin Bt B, LR |22 D L EFAtWOGEAR =T GCAFB Y HGd 87T &%
LAF_SetDriveObjectConfig
v _| Automation_Framewerk B hame Dats type Defsuitvaive  Comment
& Acd vew device Q™ bpot
gh Devices & networks 2 @ index Dint Index that specifies which drive object in the ‘config.
~ (3l DPFRWAY1.0 000CCTKEO1 [CPU 1517TF-3 _ I @s  referenceDesignator Wstring larme of reference Geignator of the Grive Goect th
Y Device configuration i Qa-» iDe DB_ANY D8 of technolegy cbyect (Fnc 1O 15
5 @s  sinaTpe Utnt O=NO_TYPE, 114=G120, 124=5120, 125=5120_EFO.
6 @ sinaHwiD HWO Identification of PROFINET IO device of DP slave for th
=|7 @ :inaDveObjecttio Using Sinamics drive object number (4 drive iz zingle-axz,

W Add new software unit f @~ Ouput
[} CentralFunctions 5 @ emor goal
Global [Global] was s Word
Moton 1@ » diagnostics
(5 Object:0®rojectLibraryUzed 2@ v mow
B8 Relations 13 @ » configuation
~ 5 Program blocks O > Tama
W Acd new biock il
v
~ 5 10_Cenval

#n ermor cccurmed during the execution of the EC
1620000 - 163 7FFF: Status of the FC. 1628000 - 168,
Diagnostics information

*LAF_typeDiagnoss.
Arrayl”] o "LAE by

e moon

cAsE roR_ wer
or_ ™00. 00

~ [ Diagnostics

» ] InterfaceSignalz

» [ MemCardDiag

¥ &l MotionAndOrives
B LAF_SetDriveObjectC
B UAF_Gevk:
B L Getsinakarm:
& LAF_GetSinaEpos
& LAF_GetSinaStatus

» %) McDiag

» % ProfinetDeviceDiag

» 3l MenualOperationtine 39 Ck29 WS
» g Settings | & Properties
» T Simulation

B 20k General Texts Supervisions

» 3l 30_Equipmentiodule » 3

» ] 40_jcbManagement ) sacen) German (Germany) French (France) Spanish (Spain)

%) 50_Sequencer

ln.me ot reference dezignator of the drive object that iz shown in HIM (vl I

» 7§z 60_ControlModules
» i3 70_AlarmHanding
» o Uizl
» GiLec
» & w2022
» & Lsicar
» Gl s
- v >

¢ Details view

Figure 2-6: Manage and edit text and translations in the block editor easily
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NFO0O5 Rule : Use UpperCamelCase for objects
Identifiers for TIA Portal objects, such as:
- Blocks, Software Units, Technology Objects, Libraries, Projects, Namespaces
- PLCtag tables, PLC alarm text lists
- Watch and force tables
- Traces and measurements
are written using UpperCamelCase (PascalCasing).
The following rules apply for UpperCamelCase:
- The first character is a capital letter.
- If anidentifier is assembled out of multiple words, then the first character of each word is a capital letter.

- There are no separators (e.g. hyphen or underscore) used for the optical separation of the identifier. For
structuring and specialization purposes the sparingly use of the underscore (not more than three) is permitted.

In AF project there is a deviation in the PascalCasing rules by identifying an object with several capital letters in a row.
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The rule needs to be broken to ensure a clear and understandable identifier for the object. The reasons for breaking
the rule are to maintain clarity when using widely recognized abbreviations like LAD, KOP, and FUP, and to introduce
new abbreviations, such as LAF for LibraryAutomationFramework, ensuring they remain easily identifiable. For
example, according to the rule, the block “LAF_SequenceManagerLAD" should be written as
“LAF_SequenceManagerLAD,” but this creates a confusing identifier. Following the rule strictly would result in less
readable identifiers.

Programming Guideline

Compliance with the following programming rules is strongly recommended:

e Do not use bit memory/markers, define global data block (DB) instead.

e Disable "evaluate ENO" for blocks to improve performance within LAD/FBD.

e Add supervisions directly inside the object (FC, FB, UDT) to benefit from the type instance concept.
e Exchange variables only via the block interfaces (In, Out, InOut) to ensure reusability of the blocks.
o Prefer CASE instruction before If..Else..Elseif or loops where possible.

e Use user-defined data types (UDT) instead of STRUCT datatype.

NOTE TIA Portal supports a maximum of 252 structures (STRUCT datatype) within one data block.

e DAO0O5 Rule : Exchange data only via formal parameters

Data exchange within the PLC with FBs or FCs is always carried out via the block interface (input, output or in/out
parameters).

If FBs or FCs are used as a call environment or for structuring the software and do not require an interface for reuse,
formal parameters can be omitted. In this case, data is exchanged exclusively via direct access to global data. Mixing both
types of access in one block is not permitted.

Justification: In terms of encapsulated modules, data is decoupled via the interface and dependencies are resolved. This
ensures data consistency in the event of multiple calls (possibly at different program locations). If a call
environment/structural element does not require an interface for reuse, the effort can be reduced by not using formal
parameters.

The current version of the Automation Framework doesn't fully comply with this rule, as many users handle it differently
today for various reasons. The Automation Framework targets a broad market and therefore contains a mix of direct
access and access via a block interface in the current version.

Depending on user feedback and further developments of the TIA Portal, we reserve the right to exchange data between
objects in future versions of the Automation Framework exclusively via the interface.

NOTE . . . . .
For further details, see also chapter Passing data via block interface vs. direct global access.
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3. AF Guidelines

This document describes how to use the Automation Frameworkeasic. Further guidelines used by the AFgasic are listed in the
Chapter Siemens Guidelines
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4. Library handling and updates

This chapter describes how to use a TIA Portal library the most efficient way. Preliminary actions are introduced to prepare
for library updates during the project phase without affecting your custom code. The AF Library and all Types in the AF
project are delivered “Versioned” to prevent changes on the original elements and to ensure updateability.

4.1. The library concept
There are two concepts supported for TIA Portal Library usage: Types and Master Copies.
NOTE . . . . o . .
For more information about libraries, please see the Guideline on Library Handling in TIA Portal.
Project P - Library
! =
Sy
. L it I ""-.
-—-— %
Usage @+ 4 Copy template \l Without typing
Usage ‘-
Usage Central update to a new
. i VErsion Updaie
Type instance V2 T}'P'E' W1
O \l With typing
Type nstance V2 T}pe o
—
Type instance W2

Figure 4-1: Differences using library copies vs library types

Using Types

When storing an object as Type in the library any instance of this object keeps the relation to their origin library Type.
Types support versioning and enable changes centrally within the library object. The changes on a library type can be
updated throughout the entire project and all its instances. With this procedure only a single point of change is necessary.

Using Master Copies

When storing an object as Master Copy any instance is only a copy of this TIA Portal library object. The copies do neither
keep the relation to their origin nor is versioning or central editing supported.

For this reason, the recommendation is to use library types where it is possible.

4.2. How to fix library inconsistencies

When working with nested library types, changes to the origin type may affect its dependent types. The TIA Portal library
status will inform you about existing inconsistencies. It is important to resolve these inconsistencies before running a
project update from a global library.

NOTE It is recommended to begin with "Right click type" > "Fix inconsistencies" and, depending on the

available options "Use default version” or "Advanced edit type" to prioritize the default version. More
detailed explanation can be found in Guideline on Library Handling in TIA Portal.

https://support.industry.siemens.com/cs/delen/view/109747503
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Use of Library management

Sometimes the following user interactions are necessary to resolve library inconsistencies. Right click the Types folder in
your project library and choose “Library management” from the context menu. Inconsistencies are highlighted in yellow.

Options
8 o= 3
b | Project library
[ ] [an -] =
Name Status Version
ok = ]
= L1 Project library ]
~ E Types |
K’ Add new type

» [iz] ExampleOfCustomerspecificLibrary F|

» [iz] Graphics F

b [ LAF F

b [E2] LAnisCtrl P

- [&] LBC o
~ I LBC_Description B v:zoo
§ V2.0.0 [default] V200
1] LBC_typeDiagnostics B v:2o0
7 LBC_typelnterfaceCommands B v:2o0

d

d

i
[£z] _ControlNodeWrappers
% _FunctionBlocks

Figure 4-2: Library management

The following notes introduces one example of library inconsistency and how to resolve them:

Use case with two inconsistencies at the same time deadlock auto-resolve
e The latest UDT version (V0.0.5) is not the default version.

e The current default version (V0.0.4) does not use ONLY default types.

Al [~

| Status | Version Uses Path
f=] - [=] [=][~] [=] [~]
Voo4
V005

&y LBC_Analoginp... Projectlibra ry\T)pEs'.LBClFunct\anIocli'.LB(__ﬁnaIog\nput‘»’ 1.1:12 [default] I
§ LBC typefnalo... ProjectlibrandTypes\LBClAnalogSignale m. only 1.1.0 [default]
Iy LBC typeAnalo... ProjectlibranyTypesiLEClAnalogSignalsinputlLBC_typeAnaloginputinterfacelv 1.1.3 [default]
'y LBC typeAnalo... Project librandTypes\LEC\AnalogSignalsiinput\lBC_typeAnaloginputControlModely 0.0.2 [default]

v Uy V0.0.4 [default] V004

§ LBC typeAnslo... Project libraryTypesiLBClAnalogSignalsinputiLBC_typeAnaloginputConfigurationV' 1.1.0 [default]

§ LBC typeAnalo.. ProjectlibraryTypes\BC\AnalogSignalsinputilBC_typeAnaloginputinterfacelV 1.1.3 [default]

Iy LBC typeAnalo... ProjectlibrandTypes\LBClanalogSignalslnputLe AnsleolnputControlNode 'V 0.0.2 [default]
]

'y LBC_Analoginp... ProjectlibranyTypes\LBCIFunctionBloclE\LBC_Analoginputly 1.1.13

Figure 4-3: Library management

The displayed information helps understanding the current inconsistencies:
e Which Types are used and its folders as clickable hyperlink to open the target.
e The Version of each Type used.

e Which version are in status [default].

Resolution: Update the interface of an HMI type to the default (latest) version.

e Open the HMI Type - Right click on the type and choose “Edit type”.
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e Go to Tag interface and check which UDT version is used.

Project library » Types » LBC » WinCC_Unified » AnalogSignals » LBC_AnalogMonitoring » V 2.0.2

E Visualization | Tag Interface Property Interface

=V i 3
Name Data type User data type structure
moduleinterface PLCUDT LBC_typeAnaloginputinterface V 2.0.2
<Add new: |

Figure 4-4: Tag Interface

e Check in the Library Management which is the default version.

_~ Use in the project ||LL] L

Use of selected library types in the project
Type Version Instances in the project Path
v i) LBC_typeAnaloginputinterface V202

v i}V 2.0.2 [default] vV20.2

v g v2.0.0 V20.0

I#) LBC_typeAnaloginputinterface Automaticn_Framew

No other types

Figure 4-5: Library management
e Connect the default version to the UDT in the Tag Interface of the HMI Type.

Project library » Types » LBC » WinCC_Unified » AnalogSignals » LBC_AnalogMonitoring » V 2.0.3

m Visualizationl Tag Interface IIPropertylnterface I] Local Tags ﬁEven\Interfa
mn — e 3

%X T
Name Data type User data type structure
modulelnterface PLCUDT F LBC_typeAnaloglinputinterface V 2.0.2 ;‘_Ijm
w 'tz] AnalogSignals (A
i) LBC_typeAnalogProcessValues
v [&] Input ‘

i) LBC_typeAnaloginputConfiguration
i LBC_typeAnaloginputControlNode
15} LBC_typeAnaloglinputinterface

» [&z] Output

» &2 Scale L
[%2] Axis 16Pos [
(&) AxisControl
[&z] Counter
'tz DigitalSignal
[&] MotorStarter
[&z] PIDControl
[tz PTIFilter

v v v v wveww

m

] [<] I>]

£
|X

Figure 4-6: Update interface UDT
e Now you can release the HMI type as new default version.

e Please always set both checkboxes to stay consistent.
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Release type version (X

ﬂ Define the properties for the released type version.

A new version will be released for the selected types.
Assign them common properties or confirm the recommended properties.

Name of type: | LBC_AnalogMenitoring |

Version: ] 20‘?7]

Author: |aw7115 |

Comment: |Released version

€ newdefaultversion

v [ Options

[V |update instances in the project

[V pelete unused type versions without the "default” identifier from the library

oK ‘ f Cancel

Figure 4-7: Release type

NOTE . . . . . . .
o If other library inconsistencies occur, they need to be fixed in a similar way.

4.3. How to use a provided library

The AF comes with a global library where most of the provided objects, not all, are of typed objects. The user is highly
encouraged to reuse and adapt the provided features to his needs but to ensure updateability the following information is
important to understand.

Delivered Types

Use the type objects like they are delivered, do not modify them.

e Your modification will be overwritten with the next library update (newer version) of this type.

e The next library update may not work automatically concerning version conflicts.

Modify Delivered Types / Create own Types (within AF library content)

All AF library types are versioned which is like a write protection.

If you see the need to create your own derived type from such a block you can follow the next steps in the following
section.

Use case - Modify Delivered Types / Create own Types (in general)

You receive a TIA Portal library and like to modify a type (or block) e.g. adapt the interface, along your specific
requirements.

The recommended way is to create a duplicate of the type, you would like to modify in the library. The duplicate type is
now a new type (new type-id) which can be modified along your needs.
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Follow this procedure:
e Duplicate the original type from the library into the PLC.
e Select the type-object in the library.

e Right-click and choose "duplicate type".

v l Project library

& = (A v D %
[~ /Name Status | Version
— w——) -
E\ : - v Open Lv
¥ LU Project library -
- '_‘11 Types Edit e
B Add new type Dulxcate type
» [%z] ExampleOfCustomerS ibrary n ‘ate type.. ’
= Z Assign version...
» |%:| Graphics >
= Librarymanagement
» 5| LAF
» [ Ladscerl )( Cut Cerl+X
v ] LBC is| Copy Ctrl+C
| » I LBC_Description B Ctri+V
| » | LBC_typeDiagnostics % Delete Del
| 4 U LBC_typeinterfaceCommands Rename F2
2] _ControlNodeWrappers P> Mark objects for check-in
FunctionBlocks ’;( nmarkobixct

§ LBC_Analoginput
ﬁ LBC_AnalogOutput

:ﬂ LBC_AnalogScale 3 ix e ’
ﬁ LBC_AxisControl_StdPlc & Print... kP
ﬂ LBC_AxisControl_TecPlc é\ Fint preview::

& LBC_Counter = Exportlibrary texts

& LBC_Digitalsignal [#- Import library texts
8B LBC_MotorStarter Q) Pr

operties... Alt+Enter
I RO
85 LBC_PTIFilter W vzoi1

Figure 4-8: Duplicate a type

e Save the Type - It is recommend to fill all the properties of the new type.

Duplicate type X

o Define the properties for the new types.

The selected cbjects will be stered as new types in the library.
Specify the version, author and comment for this.

Name of type: |OEM_Functi0nName |

Mamespace: | |

Author: |DEM Name |

Comment: |Write a description which describes the purpouse of the block]

’—90(—1 | Cancel

Figure 4-9: Save duplicate type

Library handling and updates

e Now you can modify your new type along your needs, without interference the update chain of the original type.
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NOTE Now, you are responsible to keep your type aligned with bugfixes or improvements of the original

type, so keep an eye to the upcoming updates of the provided library.

Use case — Use your own type in the project

If you already used the original type in your project and now like to use your new duplicated type, you need to change the
call (PLC or HMI) from the original type to your own type manually.

Use case - You already modified an original type

If you modified an original type and you receive a new version of the global library as an update.

e Before you start the update, create a duplicate of the modified types as described above.

e Now you can run the library update without interference to your modification.

Versioning

If you release a new (own) type or version the "Release type version" box will appear.

Do not change the "default version". The new created version is and should be always the default version.
e Check always (if available) "Update instance in project”.

e Check always "Delete unused versions without the "default” identifier from the library". Thus prevent to use the wrong
versions.

e Check always (if available) "Set dependency types to edit mode". Thus prevents the library from inconsistencies.

Release type version 4

0 Define the properties for the released type version.

A new version will be released for the selected types.
Assign them common properties or confirm the recommended properties.

Name of type: |DEM_Fur1ctiu:ur1Name |

Version: n

Author: |DEMNamE |

Comment: |Write a description which describes the purpouse of the block.

ﬂ Mew default version

b | Options

Update instances in the project

[+ Delete unused type versions without the *default” identifier from the library |

default® version

oK ‘ | Cancel

Figure 4-10: Release all types, non-default versions get deleted
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You can use the Release All command to release all types in edit at ones.

J*

= LI Project library

k| Types

Add new type...
Cor Add folder

Hiu Assign version...
Intg Library management
LAn Upgrade Device Version

ﬂ

1'}2 Discard all

3 _ilg Copy Ctrl+C

1F3 Expand all Multiply

Ctrl+P

é"a Print preview...

[=h Export library texts
ﬁ- Import library texts

— = =sa

Update types b

Fix inconsistencies k

r v w W w w W ¥ ¥ ¥ ¥ ¥ ¥
I

- 1A Al Bl Teooo. . oFMioao

Figure 4-11: Release All

|£2] LAnyAxis_MC_SynchronousMotion

Library handling and updates

If you consider these tips, the whole library update procedure will be a small effort and not very time consuming for you.

4.4.

Global libraries provide an efficient possibility to transport new versions of typed objects from a central development
project to the machine projects.

NOTE

How to update the project with Global Libraries

Save your current Project as a backup before you do the next steps.

Navigate to global libraries section

Go to Libraries section.

Click on the “Open global library” symbol.
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Library handling and updates

Options
&l = g g
+ | Project library !
& = [ |2 v
Name Status Version N
%" EBE |
~ 1| Project library =
13 PjT Types 0 I
v [E Master copies !
£
x
o
~ | Global libraries &
== =
(i I TS =T o &
Mame Status Version —
» Ll Buttons-and-Switches
» LLl Long Functions
» LI Monitoring-and-control-objects
» Ll Documentation templates
Figure 4-12: Open a global library
Select and open the Global AF Library
e Select "“Compressed libraries” as file type.
e Choose the library that you want to use for the update.
e Open the library
MR Open global library x
Suchen in: | LibraryAF_V1 V‘ (€] ¥ E° B~
* MName - Anderungsdatum Typ Grafle
. AdditionalFiles 04.06.2024 15:28 Dateiordner
ezl M 04.06.2024 15:28 Dateiordner
- Logs 04.06.2024 15:44 Dateiordner
sIC 04.06.2024 15:28 Dateiordner
Desktop System 04.06.2024 16:06 Dateiordner
- TP 04.06.2024 15:28 Dateiordner
™M UserFiles 04,06.2024 15:28 Dateiordner
Bibliotheken Vei 04.06.2024 15:28 Dateiordner
XRef 04.06.2024 15:28 Dateiordner
% Q LibraryAF_V1.a119 04.06.2024 16:05 Siemens TIA Porta... 148 KB
Dieser PC
Neﬁwerk
Dateiname: |LibraryAF,V1.aHB V‘ Offnen I
Dateityp: Global library i Abbrechen
Schrebgeschitzt éffnen

Figure 4-13: Open global library
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Update the project library with new AF Library items.
e Right click on the “Global Libraries”.
e Select the “Update types” option.

e Select “Library”, so that all the types and instances of your Project library will be updated.

~ | Global libraries

FdhLUw>HSh
MName Status Version
¥ Ll Buttons-and-Switches

b Ll Long Functions

¢ LL| Monitoring-and-control-objects

alle —|

1 I =

» LL| Documentation templates
¥ Ll Libra 5
----- *"LI Save libraryas ...

ﬁ] Clase library

Update types ] Project...
@) startcomparison

Teamcenter ]

% Delete Del
Archive library...
Export as protected library ...

a Print... Ctrl+P
é% Print preview...

= Export library texts
[#- Import library texts

g Properties... Alt+Enter

Figure 4-14: Update types from Global library

9 Select the library you want to update.

@ Update project library
(") Update global library

Select the global library to be updated.

Mote: To update & global library, you must first open it with write permission.
| I~ ]

€ newdefsult version, compatible changes

b | Update options

Update instances in the project
[V Delete unused type versions without the “default” identifier from the library

[V Force update (types including their dependent types are updated regardless of their version number)

r Ok 1 | Cancel

e i i i i i e

Figure 4-15: Update types in Project library

e Activate “Delete unused type versions without the “default” identifier from the Library” to clean the Library.
e Activate “Force update (types including their dependent types are updated regardless of their version number)”.

e Activate “Update only existing types” to update only the types tha are in your project library
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4.5. How to update Master copies

The master copies need to be integrated via copy and paste or drag and drop into the Project library.

Options
@ o g3
v I Project library
BIEID DEX;
Name Status Version
=] * (= ~ [=]

> Ll Projectlibrary

v

Global libraries

FdYwD# EE E B 8 (A
Name Status Version

» LLJ Buttons-and-Switches

» LUl Energy Support Library
» LUl Energy Suite
» LL] Long Functions

» LLJ Monitering-and-control-cbj...
» LL] Documentation templates
« [1] AFB_v2.0

» 5l Types
X b Masterc

» [l Common data

» | La nguages & resources

Figure 4-16: Import Master copies

Paste (0080:000001) X

I Conflicts detected during pasting
n

Some of the objects you want to paste already exist here or in a different
group.

How do you want to continue?

O Rename and paste objects

@ERepIa ce existing objects and move to this location

r oK 1 | Cancel
|

Figure 4-17: Overwrite existing items

If this message appears, choose “Replace existing objects and move to this location”.

Now the Project Library is updated with the Master copies from the global library.
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Best practice if you already used a master copy and modified it in your project:

To avoid losing own implementation (only if you modified something) in your project by implementing the new master
copies, the following procedure can be used as best practice:

e Drag and drop the new master copy to the target device location and choose option “Rename and paste objects”.
Paste (0080:000001) X
I Conflicts detected during pasting
n

Some of the objects you want to paste already exist here or in a different
group.

How do you want to continue?

@;Hena me and paste objects

(C) Replace existing objects and move to this location

Figure 4-18: Rename and paste objects

The result will look like this:

Options
& = g .
| o.]sctilhlar}r 1
E S
I+ Name i StHEI Version et ]
= i ad I

v T LAF
w (L] 10_Central
b [ta| Diagnestics
~ [£z] ManualOperationLines
W LAF_Internalhienusl
B MenualOperationContral_Template

s nnomnier demem  Original screen
B g e mnusioper | W New screen
= 03_ManualOperationFaceplats

Ll EquipmentAreas_0

[] Template_ControlSeresn 30000 X
b 55| ColorsTenlist

b [E2] 70_AlarmHandling |
» ) LBC |

Figure 4-19: Renamed object

Now you can open both screens in the split screen view and transfer the objects to your screen along your needs.

\Automation_Framework_Demo_V1\Automation_Framework_Demo_V1

&Y Gooffline g I WE | [ |02 8% [<searchin project I_H

Figure 4-20: Split screen view
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5. Hardware configuration

The AFeasic project comes with a pre-configured application example. In this chapter the selected HW configuration is
introduced.

5.1. PROFINET IO with RT / IRT configuration

PROFINET 10 is a scalable real-time communication system for fast Ethernet. There are two performance levels available,
PROFINET RT for real-time-critical process data, and PROFINET IRT for high-accuracy and isochronous processes. Both types
of PROFINET communication can be combined on the same network.

The AFsasic project introduces a network configuration with two drives using IRT (see highlighted in picture below).

Automation_Framework » Devices & networks - EX

E ‘E’ Topology view Mﬁ Network view |[If Device view [
o wHEQs =
[~
DP.FRWA2.1.0.... DP.FRWA2.1.0.... DP.FRWA2.1.0.... DP.FRWA2.1.0....
CPU 1214C MTP1200 Unifie... S210PN 5210 PN
IRT
J
|
L

Figure 5-1: Topology-view with RT and IRT configuration

NOTE By default, IRT supports up to 128 (64+64) network devices using X1 and X2 on innovated CPUs (with

FW >=V4.0). If more than 64 IRT devices are needed it can be realized with PROFINET DFP (dynamic
frame packing) and the software controller S7-1508S T/TF (384 (256+128) with CP1625 using X1 and
X2 with FW >=V31.1).

- SIMATIC S7-1508S TITF

- SIMATIC ET 200SP (HS)

- SIMATIC PN/PN Coupler

- SINAMICS S200

- SINAMICS S210 (6SL5310...)

Further information regarding DFP can be found in the function manual “PROFINET with STEP 7”.

SIOS-ID: 49948856
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For drives using IRT, there is the option to configure “Dynamic Servo Control” (DSC). DSC has the advantage of
outsourcing parts of the motion control close loop from the PLC onto the drive. This heavily reduces the CPU load and
enables highspeed position control executed in the drive HW (see highlighted in the next figure).

Position control
Torque precontrol
Mode: Weighting factor: Current control loop substitute time:
Disabled I~ 100.0 % 0.0 s
Controller Torque
precontrol Drive
Torque Torque
setpoint setpoint
Filter Speed
J precontrol
3 —
Se(po:{u . ° IT
generation » Velocity Speed
L setpoint setpoint
» [ +
Position Actual
setpoint Symmetry Gain position
filter
The speed controller must be tuned on the drive side. 6
[@] Orive optimized Optimize values on drive ||
Take values from drive | The value of the speed control loop substitute time and 50% of the gain value are

taken from the drive.
Speed precontrol and controller gain

Speed control loop
Weighting factor: substitute time: Gain (Kv factor):

100.0 % 0.002 s 40.0 1Is

Dynamic Servo Control (DSC)

amic Servo Control is only possible with drive telegram 5, 6, 105 or 106
(@ Position control in the drive (DSC enabled)
() Position control in the PLC

Figure 5-2: DSC enabled with PROFINET IRT configuration

5.2. PROFINET Topology

Topology configuration is a prerequisite for IRT. The programmer must connect the specific ports between devices,
exactly as it is connected in the real machine.

Automation_Framework » Devices & networks - X

m I;" Topology view h Network view I[]]'f Device view I

SR ERRT =1
B
DP.FRWA2.1.0.... DP.FRWA2.1.0.... DP.FRWA2.1.0.... DP.FRWA2.1.0....
CPU1214C MTF1200 Unifie... D 5210 PN S5210PN

P.E

[}

Figure 5-3: Topology view

The topology information is used to optimized data transmission, bandwidth allocation, and communication frames
which guarantees best PROFINET performance.
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NOTE

More information about PROFINET and all features can be found in the function manual “PROFINET
with STEP 7”: SIOS-ID: 49948856

5.3. Time synchronization and time settings

The system diagnostics with alarm logs benefit when the log timestamps from the subsystems are time synchronized with
the PLC date-time. Sometimes the PLC date-time itself is synchronized with some higher-level system using NTP (Network

Time Protocol). The following chapter will introduce the necessary settings to enable a cascaded, system wide time
synchronization using the LSNTP library.

NTP-Server S7-1200
NTP-Client & SNTP-Server
=
----2> [E=
20.02.2020
20.02.2020 he——————=1 12:45:45.0
12:45:45.0
(e B Ethernet
1
Time synchronization ’/ ! B PROFINET
’ f |
11 ]
/’ “
4 |
v |
[i4 v
e |
— — T
I
CI_I:I
20.02.2020 — i 20.02.2020
12:45:45.0 12:45:45.0
SIMATIC HMI S7-1500
NTP-Client NTP-Client

Figure 5-4: Time synchronization network overview

PLC date-time synchronization with a higher-level system

Before the PLC date-time is passed down to the different subsystems using the LSNP library, the PLC date-time can also be
synchronized with an external higher-level system (NTP Server).

To do this, the NTP client of the PLC must be enabled. The following settings must be configured in TIA portal. To finish
the configuration a download to the PLC is needed.

|2, Properties  |*i, Info !_v‘,_ Diagnostics
| General | 10tags | System constants l Texts |
» Genenal S B
» PROFINETinterface [X1] bl =
» 011410Q 10 Local time

} High speed counters (H5C)
b Pulze generator: (PTO/PWM)

Time zone: | (UTC +01:00) Amsterdam, Copenhagen. Madrid, Paris -
Starup
M d Time-of-day synchronization
Communication load
System and clock memory NTP mode
SIMATIC Mermory Card
PLC alarms Time-oiday synchronization: | Set NTP zerver in the project
b Vb server

i

b Near Field Communication NIPServer1: | 10.17.14.254
Multilingual support

NP Server 2:

I _—
w Protection & Security C

Protection ofthe PLC config... » NIF:Server 4:

Access control

Update interval: | 10
» Connection mechanizmsz

FaniBrare mansmar

Figure 5-5: Configuration of NTP Client in the PLC
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NOTE . N .
The use of an external NTP server for time synchronization is optional.

PLC date-time manual configuration

In case date-time synchronization with an external NTP server is not used, the PLC date-time can be directly set via the AF
HMI. The screen “Settings — Date and time” sends the new date and time through the variables in
“Settings.setLocalPIcTime” to the instruction “WR_LOC_T"in 01_Central Functions — 14_Settings.

SIEMENS Settings - Date and time . " sor B 2025104126 7:13:29

1 B i I : Oprs
| Stop Reset/Clear ] 3
il - Stopped er=m s

ON )I Manual

Date and time
Date and time settings

e 4 Date 01.01.1970
9
April 12
Time 00:00:00 A
B
26 29
Daylight saving time FAUSED
Saturday PAUSED
APPLY
CLOSE

o1

Figure 5-6: Manual configuration of PLC date-time via the AF Settings screen

Subsystem date-time synchronization. SNTP Technical concept

Once the PLC date-time has been configured, either manually via the HMI or automatically via an external system, the PLC
can then act as a SNTP (Simple Network Time Protocol) server. This enables flexible and simple synchronization of all
subsystems in the network (drives, 10s, HMI panels, etc.), in order to obtain meaningful timestamps for error messages,
and logging data system wide. The library LSNTP provides a function block (LSNTP_Server) that performs the following
functions:

e Receiving and evaluating a NTP telegram from an (S)NTP Client.
e Creating and sending a NTP telegram to the client for time synchronization.

The LSNTP_Server instruction is called from the 01_Central Functions — 00_General.

hd Network 11:  Time Synchronisation (NTF)
w With the LSNTP_Serwver block, the NTP server will be enabled on 57 PLC, to wich the NTP client (e.g. Panel), can synchronize their data and

time.
#instLSNTP_Server
"LSNTP_Server”
EN ENO
TRUE — enable valid —izlse
“Local-x1" hwiD busy —ifalse
123 — connID error — false
1 referencelD status — 16 0
DTL#1990-01-01 0 lastTimeSet diagnostics

Figure 5-7: LSNTP_Server block activates the NTP server on the PLC
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With the SNTP server running on the PLC, the network subsystems (NTP clients) can synchronize their date-time with the

central PLC.

NOTE

HMI date-time synchronization with central PLC

To configure a Unified Comfort panel as NTP client of the central PLC, the following settings must be configured in TIA
portal. The IP address of the NTP Server must be that of the central PLC. To finish the configuration a download is needed.

NTP client function in variable frequency drives, is currently supported only by S120 and S210.

‘3 Properties

JGeneraI ” 10 tags ” System constants ” Texts |

”"_x, Info i ||i Diagnostics ‘

» General . L
Time-of-day synchronization

w PROFINET Interface [X1]
General
Ethernet addre

NTP mode

w» Advanced options
» Port [X1 PIR]

Mote: |Time synchronization for all PROFINET interfaces take place within the settings for time synchronization of the
PROFIMET interface [X1].

¥ Port [X1 P2R]
Media redundancy
» PROFINET Interface [X2]
Information NTP Server 1: | 192

Resource monitor NTP Server 2:

NTF Server 3:

NTP Server4: | 0

E Enable time synchronization via NTP server

IP addresses

Update interval: | 8

Figure 5-8: NTP client setting in TIA Portal

Likewise, the configuration of the NTP client on the Unified Comfort panel can be done directly in the “Date and time”

settings of the panel.

Language, Region and Formats \ Date and time

Date and time
Date: 07 June 2018
Cument Time: 0853:37
Time mv—[ (UTC+01.00) Bedgrade, Bratislava, B.. /' I
Set date and time manually
@ Synchronize time with a NTP (Network Time
Protocol) server
Update rate: | 16 sec
Server 1
Mdln\l 10.14,17.254 ](]__u
| ettew |
A O =

Figure 5-9: NTP client setting in HMI panel
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6. PLC Software Architecture

6.1. Overview
The PLC program of the AFzasic is structured in the following major parts:

Central Functions
Global

Motion

ObjectsOfProjectLibraryUsed

Machine Application
according to ISA-88

Figure 6-1: Main parts of the AFsasic PLC program

1. Central Functions: Contains general functionality like PLC setting, diagnostics or system features.
Global: Contains all data that is globally available in the PLC

Motion: Contains the Motion Control OBs

B wnN

ObjectsOfProjectLibraryUsed: Contains the library elements (Blocks, PLC data types) from the project library, that are
used in the program.

5. Machine Application: This is a major part of the program. It contains the actual machine application. It is structured
according to ISA-88.

Part 1 — 4 are highly standardized and usually don’t have to be adjusted by the user. Part 5 is machine and application
specific and must be programmed by the user. The structure, interfaces, alarming concept and command and status flow
for parts 5 is provided, the user must integrate the specific code.

6.2. ISA-88 design

ISA-88 introduction

Industrial processes can be classified as continuous, discrete or batch manufacturing processes. Continuous processes are
classified having a continuous outflow, for example production of paper or steel. Discrete processes have a discrete
output, for example the production of a car.

A batch process is a process that leads to the production of finite quantities of material by subjecting quantities of input
materials to an ordered set of processing activities over a finite period using one or more pieces of equipment.

There was a need to provide a standard for managing batch processes because of the following reasons:

e No universal model for batch control.

o Difficult for plant operators to communicate processing requirements.
e Integration of solutions from different vendors is difficult.

e Batch control solutions are difficult to configure.

Therefore, the ISA (International Society of Automation) decided to provide a standard which describes a method to
structure batch processes. It defines terminology and models that makes design and operation of batch plants easier and
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uniform. This standard is named ISA-88, whereby only the first part of the standard (ANSI/ISA-88.00.01-2010), called
"Models and Terminology" is considered in this document.

ISA-88 is more than a standard for software, equipment, or procedures. It is a design philosophy. Understanding ISA-88
will help to better design processes and manufacture products.

How does ISA-88 help?

e Modularity allows easier global replication and better return on investment.
e Isolates equipment from recipes.

e Design concepts make validation easier.

e |ISA-88-aware solutions help track product and process data.

Gathering requirements from customers and conveying requirements to vendors is easier.

e Provides guidelines on how to recover from abnormal events.

NOTE . .
o For more details about Batch Processes please go to the linked document.

https://support.industry.siemens.com/cs/ww/en/view/109784331

Concept

The ISA-88 is an important foundation for the modular programming structure of production machines. The AF project
introduces an implementation example of an ISA-88 conform physical model from a unit down to control modules (CM).

The following figure shows such hierarchical implementation.

| Process Cell

£ Unit A Unit X

= State Model State Model
Equipment Equipment Equipment Equipment
Module A Module X Module A Module X

Sequence (n) Sequence (n) Sequence (n) Sequence (n)

Equipment
Module

Control
Module
Sensor X
Motor 1
Motor 2
10s
Sensor X
Motor 1
Motor 2
10s
Sensor X
Motor 1
Motor 2
10s
Sensor X
Motor 1
Motor 2
10s

Figure 6-2: ISA-88 model

Unit classification

A process cell contains several units. The units represent a physical processing equipment in production, for example a
reactor. The unit contains equipment modules (EMs) which contain control modules (CMs). A unit is an independent
grouping of equipment usually centered around a major piece of processing equipment, such as a mixing tank or reactor,
and it can perform one or more major processing activities — such as fermenting, harvest or purifying.
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Usually, the modules that make up the unit cannot be manipulated or controlled by equipment outside of its own unit.
Any equipment that is considered common or manipulated by multiple units should be defined as shared equipment,
which can be temporarily acquired by a unit to carry out specific tasks.

An important consideration when defining batch units, is that a unit can only operate a single batch at the same time. The
batch may exist in multiple units, but a unit can hold only one batch at any given time.

Defining the boundaries for units is important to guarantee the flexibility of the plant, reusability of the modules, and
consistent reporting over multiple plants. The Process flow diagram (PFD) can be used to initially identify the units. Once
the P&ID details are known, the unit can be further refined. In case of modular integration of intelligent unit operations,
the unit and its ISA-88 structuring are defined by the OEM supplier.

Control Module (CM) classification
Once the unit boundary is defined, the lower-level modules of the equipment model can be identified.

It's easiest to start with the control modules (CM). These are the lowest level grouping of equipment in the physical model
that can carry out basic control (state-oriented or regulatory control) and typically have a direct relationship to the type of
instrument/device that it is being monitored and/or controlled. Examples are pumps, motors, valves, but also PID control
loops. The CMs are typically directly connected to |10 signals. CM also contains exception handling related to equipment,
product and operator protection. The CMs are easily identified on the P&ID charts, as shown in the following figure. The
control modules can be controlled via the HMI by the operator in manual mode, or by the superior CM's or EM’s in auto
mode.
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Figure 6-3: Example P&ID from process unit "Reactor” with its EM’s (highlighted) and CM'’s

Equipment Module (EM) classification

An EM is a functional group of control modules that can carry out a limited number of specific minor processing activities
such as dosing, charging or temperature control. An EM is typically centered around a piece of process equipment such as
vessel outlet/inlet manifold, process heater etc. The separation of a unit into functional EM should already reflect the
process actions and recipe phases from the process and procedural control model. Introducing a new product on the
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same equipment should be possible without altering the base sequences of the EM’s. The EM'’s of our example reactor are
shown in the figure above: feeding, temperature control, pressure control, agitator control and transfer out.

According to ISA-88, it is possible for an EM to contain other subordinate EMs, although this is recommended to be
restricted to areas where there are no phases or batch requirements.

An EM is usually a sequence in which all the subordinate CM’s are monitored and controlled. The EM also contains
exception handling logic that will handle failure of subordinate CM and process failure. Usually, the exception logic is
labelled as held state or held logic and drives the EM to a failsafe state. The EM itself does not have mandatory state logic
defined in the ISA-88. An EM is usually recipe-aware, and it therefore has a state logic that follows the state logic of the
recipe phase.

As the sequence of the EM reflects the process action, it is common to enable and disable control module related alarms
and process interlocks or change alarm limits throughout the sequence. This must be considered within the design of
such command sequences.

Arbitration of control modules shared between EMs within the same unit will be performed at the EM level.

Arbitration of EMs shared in the same unit or between units is performed at the phase level. Each phase will acquire the
equipment modules needed to perform a specific process action. It is also possible to acquire EMs on another unit in the
same way.

When partitioning the EMs within a unit, the following criteria should be applied:
e All CMs in the EM must support a similar processing purpose and be self-contained.
e The EM must be reusable, so that a type-instance concept can be used.

e The module has to be designed so that it can perform all of the available processing functions, see above EM must
have the ability to operate on its own without other EM interactions.

e Ability to minimize the effects of process exceptions by containing them within the EM; ideally an exception will
initially only affect one EM before being propagate to other EM’s or even Units.

Like the CMs, the EMs can be controlled by the operator in manual mode, or by the phases in automatic mode.

It's important to note that the CMs and EMs should ideally follow the modularization approach where functionality is
contained within modules that can be programmed and tested as standalone with a defined interface towards other
modules. To increase reusability, within TIA Portal support for type-instance is made for the control and EMs. Similar EMs
and CMs can be grouped in a type. This type can be tested and then all modules will be instantiated from this type.

By creating these standard ISA-88 batch elements, tremendous benefits can be achieved:
e savings in software designing and engineering
e faster testing and validation during the initial process of application implementation

e increased maintenance and flexibility - By means of the pre-tested standard types, the expansion of the installation
can be realized in a faster way, with less (re-)validation effort.

Realization in the Automation Frameworkaasic

The basic implementation of an ISA-88 unit is shown in the following figure. The logic of one AFsgasic unit is programmed
within a dedicated folder. Each EM also has a dedicated folder. Each unit has one EMO_General which is reserved for unit
wide functionality like preconditions, interfacing to circuit breakers or signal stacks or pneumatic system. The
EMO_General usually contains non-complex logic and no sequences. Additional EMs on the other hand are process
related. There is always at least one. The maximum number of EM is limited by the PLC memory size.

[£z] 09_U1_Unit1

r'E_:, 10_Em0_General

[&z] 11_Em1_Template_LAD
[£2] 12_Em2_Ternplate_SCL
[iz] 13_Em3_Example_LAD
[£z] 14_Em4_Example_SCL

* T w w w w w

[Ez] 15_EmS5_MationDemo

Figure 6-4: ISA-88 unit example in the Automation Frameworksasic
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The naming in the folders above are placeholders and must be adjusted depending on the real application. It is
recommendable to name the folders according to their functionality, not to their location, as they should be enabled to
be cloned and reused in different applications.

6.3. Unit State Machine

In the automation framework, each unit contains its own state machine, which can be customized according to specific
requirements.

State Model

The mode and state completely define the current behavior and condition of a unit. Depending on the mode and state,
the equipment and control modules execute their respective tasks. In a state model, states are arranged in an ordered
fashion that is consistent with the specified operation of the machine. The mode state manager determines the current
mode and state of the unit depending on operator commands and feedback from the process.

NOTE PackML is an automation standard by the OMAC and adopted by ISA as TR88.00.02 that makes it

easier to transfer and retrieve consistent machine data. The primary goals of PackML are to encourage
a common “look and feel” across a plant floor, and to enable and encourage industry innovation.

OMAC's PackML group is recognized globally and consists of control vendors, OEM’s, system
integrators, universities, and end users, which collaborate on definitions to be consistent with the ISA-
88 standards and the technology and changing needs of most of the automated machinery.

In the AFgasic, the OMAC PackML state machine is the default state machine used. This state machine can be flexible
reconfigured to comply with other state machines. Other state machine libraries could be used as well. However, that
would imply major changes in the current AFgasic implementation and shall be avoided if possible.

The unit's state machine it always in a defined mode and state. Mode and state are represented by two DINT variables.
Various predefined commands trigger a mode or state transition. Such commands can be triggered from an operator (e.g.
via HMI or command buttons), from external systems in the line (e.g. infeed station, line controller), or by the process
itself (e.g. material low or stop due to internal error). The unit's mode state manager is responsible evaluating all these
different commands and determining the currently active mode and state of the machine.

The following modes, states and commands are supported by the OMAC PackML state machine used in the AFagasic:
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Modes States Commands
0 Invalid 0 | Undefined 0 Undefined
1 Production 1 | Clearing 1 Reset
2 Maintenance 2 | Stopped 2 Start
3 Manual 3 | Starting 3 Stop
4 .15 User definable 4 Idle 4 Hold
5 | Suspended 5 Unhold
6 | Execute 6 Suspend
7 | Stopping 7 Unsuspend
8 | Aborting 8 Abort
9 | Aborted 9 Clear
10 | Holding 10 | Complete
11 | Held 11 | StateComplete
12 | Unholding
13 | Suspending
14 | Unsuspending
15 | Resetting
16 | Completing
17 | Completed

PLC Software Architecture

Figure 6-5: Modes, states and commands that can be used in the AFsasic

The Library of Unit Control (LUC) provides the data types “LUC_typeModes”, “LUC_typeStates” and

“LUC_typeStateCommands” to represent the modes, states and commands. These data types are used inside and between

the units and its EMs.

The following figure shows the PackML base state model. It represents the complete set of defined states, state
commands, and state transitions. For each unit mode it is possible to define any set or subset of these base states

depending on the application (see Figure 6-7).
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Figure 6-6: Base state model

+—4

Configuration

The state machine can be configured. Up to 16 modes can be enabled. For each mode it can be configured which states
and transitions are enabled.
With that, the state machine is highly customizable. Details are presented in the chapter about units.

Unit Modes

A unit can be operated in different modes, for example in Production, in Maintenance, in Manual, in Clean, in Jog Mode,
etc. In each mode the unit can have different number of states and commands. Therefore, the state machine may look
different for each mode (see Figure 6-7).

In the AFsgasic the following OMAC PackML standard modes are preconfigured:

e Production (mandatory):
This is the production routine mode. When this mode is selected, the machine executes relevant logic in response to
commands which are mainly coming from external systems or entered directly by the operator.

e Maintenance (optional):
This mode allows authorized personnel to run the unit / machine independently from other systems. This mode would
typically be used for troubleshooting, machine trials, or testing operational improvements.

e Manual (optional):
This mode allows the direct control of single machine modules. It may be used for commissioning of individual
components, fault diagnostics of unplanned technical intervention, etc.

Different or additional modes can be configured (up to 16 modes in total).
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Maintenance Mode

Manual Mode

User defined Mode

Figure 6-7: Example of different modes with the corresponding configured states and allowed mode changes

Unit States

The different states can be group into two types:

e Acting state: A state that represents some processing activity. It implies the single or repeated execution of
processing steps in a logical order, for a finite time or until a specific condition has been reached. In ISA-88.00.01
these are referred to as transient states, generally those states ending in “ING” like “STARTING” or “RESETTING".

e Wait state: A state used to identify that a machine has reached a defined condition. Once the state is reach the
machine remains in this state until some transitioning is triggered via internal or external commands.

Definition of the possible states and description of what tasks typically should be executed in them:

e Clearing: Initiated by a state command to clear faults that may have occurred when Aborting, and are present in the
Aborted state before proceeding to a Stopped state.

e Stopped: The machine is powered and stationary after completing the Stopping state. All communications with other
systems are functioning (if applicable). A Reset command will cause an exit from Stopped to the Resetting state.

e Resetting: This state is the result of a Reset command from the Stopped or Complete state. Faults and stop causes are
reset. Resetting will typically cause safety devices to be energized and place the machine in the Idle state where it will
wait for a Start command. No hazardous motion should happen in this state.

e Idle: This is the state which indicates that Resetting is complete. The machine will maintain the conditions which were
achieved during the Resetting state, and perform operations required when the machine is in Idle.

e Starting: The machine completes the steps needed to start. This state is entered as a result of a Starting command
(local or remote). Following this command the machine will begin to "execute”.

e Execute: Once the machine is processing materials it in the Execute state. Different machine modes will result in
specific types of Execute activities. For example, if the machine is in the “Production” mode, the Execute will result in
products being produced, while in “Clean Out” mode the Execute state refers to the action of cleaning the machine.

e Stopping: This state is entered in response to a Stop command. While in this state the machine executes the logic
which brings it to a controlled stop as reflected by the Stopped state. Normal Starting of the machine cannot be
initiated unless Resetting had taken place.
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e Holding: This state is used when internal (inside this unit/machine and not from another machine on the production
line) machine conditions do not allow the machine to continue producing, that is, the machine leaves the Execute or
Suspended states due to internal conditions. This is typically used for routine machine conditions that require minor
operator servicing to continue production. This state can be initiated automatically or by an operator and can be easily
recovered from. An example of this would be a machine that requires an operator to periodically refill a glue dispenser
or carton magazine and due to the machine design, these operations cannot be performed while the machine is
running. Since these types of tasks are normal production operations, it is not desirable to go through aborting or
stopping sequences, and because these functions are integral to the machine they are not considered to be “external.”
While in the Holding state, the machine is typically brought to a controlled stop and then transitions to Held upon
state complete. To be able to restart production correctly after the Held state, all relevant process set points and return
status of the procedures at the time of receiving the Hold command must be saved in the machine controller when
executing the Holding procedure.

e Held: Refer to Holding for when this state is used. In this state the machine shall not produce product. It will either
stop running or continue to dry cycle. A transition to the Unholding state will occur when internal machine conditions
change or an Unhold command is initiated by an operator.

e Unholding: Refer to Holding for when this state is used. A machine will typically enter into UNHOLDING automatically
when internal conditions, material levels, for example, return to an acceptable level. If an operator is required to
perform minor servicing to replenish materials or make adjustments, then the Unhold command may be initiated by
the operator.

¢ Suspending: This state shall be used when external (outside this unit machine but usually on the same integrated
production line) process conditions do not allow the machine to continue producing, that is, the machine leaves
Execute due to upstream or downstream conditions on the line. This is typically due to a blocked or starved event. This
condition may be detected by a local machine sensor or based on a supervisory system external command. While in
the Suspending state, the machine is typically brought to a controlled stop and then transitions to Suspended upon
state complete. To be able to restart production correctly after the Suspended state, all relevant process setpoints and
return status of the procedures at the time of receiving the Suspend command must be saved in the machine
controller when executing the Suspending procedure.

e Suspended: Refer to Suspending for when this state is used. In this state the machine shall not produce product. It
will either stop running or continue to cycle without producing until external process conditions return to normal, at
which time, the Suspended state will transition to the Unsuspending state, typically without any operator
intervention.

¢ Unsuspending: Refer to Suspending for when this state is used. This state is a result of process conditions returning to
normal. The Unsuspending state initiates any required actions or sequences necessary to transition the machine from
Suspended back to Execute. To be able to restart production correctly after the Suspended state, all relevant process
set-points and return status of the procedures at the time of receiving the Suspend command must be saved in the
machine controller when executing the Suspending procedure.

e Completing: This state is an automatic response from the Execute state. Normal operation has run to completion, i.e.
processing of material at the infeed will stop.

e Completed: The machine has finished the Completing state and is now waiting for a Reset command before
transitioning to the Resetting state.

e Aborting: The Aborting state can be entered at any time in response to the Abort command or on the occurrence of a
machine fault. The aborting logic will bring the machine to a rapid safe stop.

e Aborted: The machine maintains status information relevant to the Abort condition. The machine can only exit the
Aborted state after an explicit Clear command, subsequently to manual intervention to correct and reset the detected
machine faults.

NOTE For more information about the state machine model, which is used in this template, refer to:

https://lwww.omac.org/packml

SIMATIC OMAC PackML V2022 library (LPML) mode and state manager \LPML\
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6.4. Program structure

Main structure

The PLC program contains global data blocks, that are available for all other modules, for units, EMs, Central Functions
and Motion:

e DB HmiControllnterface : Contains the control interface to the HMI.

e DB Data : Contains all PLC wide information

e DB Units : Contains the information that is provided by the individual units

e DB UnitxEms : Contains the information that is provided by the EMs. Each units has and own DB UnitxEms.

These DBs work as central data hubs between the modules. With that, the AFzsasic is highly modular and scalable. l.e., an
additional EM would be assigned to an existing unit by connecting it to DB “Units”, and the EM itself would publish its own
status to UnitsxEms.

The following figure shows, how units and equipment modules access the data blocks.

m'{:?;i:f:aocn; ! “BD ata EBU nits EBU nitkEms
\}\ o % /.{a
%Callumt q %CallEquipment

+—— = Data access from an unit to global data

= Data access from an equipment module to global data

Figure 6-8: Data access between modules and data blocks

Units and EMs access the data blocks for the following reasons (see red indicators in above figure):

1. Unit gets commands from the DB “HmiControlinterface”. Additional DB “Interface” could be added, e.g. DB
“RecipeControlinterface” and connected to FB “LUC_InterfaceManager” inside the Unit.
Unit write status back to DB “HmiControlinterface”.

2. Unit reads global data from DB “Data”. This could be e.g. PLC time, general releases or clock bits.

3. Unit writes information and status to DB “Unit”. From there, EMs and other Units can read that information. It
can also be used for the HMI for visualization.

4. Unit read status of relevant EMs from DB “UnitxEms". This includes if the EM is linked, feedback of the EM if the
execution of the code for the current state is complete (state complete) and commands derived from alarms,
e.g. stop command due to a control module error.

5. EM reads global data from DB “Data”. This could be e.g. PLC time, general releases or clock bits.
6. EM reads unit status from DB “Units”, e.g. mode, state and unit releases.

7. EM writes status to DB “UnitxEms”. This includes if the EM is linked, feedback of the EM if the execution of the
code for the current state is complete (state complete) and commands derived from alarms, e.g. stop command
due to a control module error.
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Units and equipment modules consist of the following main parts:

e DBs for alarms and configuration data.

e OBs for execution of startup logic and main logic.

e FB"CallUnit” as call environment for all other library blocks, user defined blocks and direct logic.

Equipment modules additionally contain

e DBs for HMI data and command and status handling to job, sequences and control modules.

Unit

‘ Alarms t Startup

2 o
\—bt Callunit

—‘Pﬂqm’ar\r blocks (LPML, LUC, LAF)

—bt CollectAlarms

‘ Config

'ﬂ Alarms

.3 Config
B e
‘conmmodes

‘ Hmilnterface I—b* CallEquipment

—I“iibrarv blocks (LPML, LUC, LAF)

—Ft Sequence
—I‘E CollectAlarms

<code/>

% Startup

Figure 6-9: Main program blocks of a ISA-88 units and equipment modules

Details can be found in the dedicated chapter about Units and Equipment Modules.

Data handling of FB CallUnit and FB CallEquipment

Two different approaches how to handover data to FB “CallUnit” or FB “CallEquipment” are possible.

6. Handover data from outside the unit / equipment through the block interface and access data from own DBs directly.

7. Handover data exclusively through the block interface
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The following figure shows the two solutions schematically for an FB “CallEquipment”.

Global Global

'Units HUnithms EBUnits HBUnithms
DB B

#CallEquipment !CallEquipment
FB FB

» Input » Input
» Output » Output
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HBCO"'”& > Network2: 'BCOHfiE > Network2:
»  Network 3: »  Network 3:

» Network 4: » Network 4:

EBControlNodes HBControlNodes
HBHmilnterface &Hmilnterface

Figure 6-10: Different approaches for data handling. Left: Solution 1. Right: Solution 2

The AFgasic follows approach 1as the benefits outperform the drawbacks for most applications. For very high
standardization however, approach 2 is more suitable. An implementation of that approach is shown in Unit 1 — EM 5.

A detailed comparison of both approaches is discussed in chapter 6.10.1 Passing data via block interface vs. direct global
access.

Central Functions

Central functions are running outside of units or equipment modules centrally for the PLC. These could be:
e PLC system functionality like PLC clock and cycle time monitoring
e Central hardware diagnostics

e Handling of multiple HMI panles.

The program part “Central Functions” is allowed to access any data accross the PLC.

A central OB “Main” calls all central functions.
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Central functions are primarily provided by the AFsasic, hoewever, user could add their own central functions.

Central Functions Global

Data HmiControl
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Figure 6-11: Content and interfaces of “Central Functions”
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6.5. Program Folders

6.5.1. Overview

The Automation Frameworksasic uses folders to structure the PLC program. The AFsasic project comes with the following
folders for general functionality:

e “Central Functions” - Mandatory
e “Global” - Mandatory
e “Central Functions” - Mandatory

e "ObjectsOfLibraryUsed” - Mandatory

e “Motion” - Optional, if technology objects are used for motion control

6.5.2. Machine application structure

The machine application part of the PLC could be structured into software in multiple ways. By default, the standard
structure is used. Each ISA-88 unit and equipment module is programmed in an own folder, including an own OB Main:

e “Ux_Unitx" - Contains the code for unit x.
o "UXEMy_EMX" - Contains the code for EM (y), that belongs to unit (x).

Alternative ways on how to structure the ISA-88 units and EMs into folders are possible. It is recommended to use the
standard folder structure, except specific requirement or limits occur. Details are described further below.

Only the standard solution is provided in the Automation Framework Basic. The user could, however, change easily to
another structure. The data flow (commands and status) is only affected slighly.

Standard structure

%/ Global
HmiControl Data Units UnitxEms
g!nterface B B B
Unit T / T ’.“ EM

—> CallUnit — CallEquipment
o | B

= Relation from .. to

<«— = Data access from Unit to Global

= Data access from Equipment Module to Global

Figure 6-12: Standard folders structure of AFsasic for the ISA-88 machine application
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Figure 6-13: Combined folder structure of AFsasic for the ISA-88 machine application

PLC Software Architecture

In the combined structure, no dedicated folders exist for the equipment modules. The ISA-88 unit and its underlaying
folders are all programmed in one folder.

Hierarchical structure

™~

HmiControl .
Data Units
Blnterface B B

‘£z Unit

x

N
— CallUnit «— UnitxEms
e "

== = Relation from..to

)

EM

*%' CallEquipment
B FB

<«— = Data access from Unit to Global

= Data access from Equipment Module to Global

Figure 6-14: Hierarchical folders structure of AFsasic for the ISA-88 machine application

In the hierarchical structure, each ISA-88 unit and equipment module are programmed in an own individual folder

including an own OB Main. DB “UnitxEMs” are located in folder “Unit” instead of “Global”.
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Standard structure Combined structure Hierarchical structure
Amount of folders (o) (++) Fewer folders (o)
Amount of OBs (o) (++) Fewer OBs (0)

Data exchange between EMs  (++) Flat hierarchy ensures data accessibility from all EMs to all
other EMs.

If an EMs should access data
from an EM of another unit,
this might take an additional
PLC cycle, as the unit has to
access the data to global first,
to share it with the other unit.

Differentiation between unit (+) Clear code differentiation (o) No code differentiation
and EM between unit and EM. between unit and em on
folder level.

Table 6-1: Comparison of the different folder structures

Decision guide

(++) Very clear differentiation
of code and data interfaced
between unit and EM

e The standard structure is the recommended solution, as it is most modular and scalable fullfilling all standard

requirements.
e The combined structure should be used, if:
a. ahuge amount of EMS and/or units is used.

b. the equipment modules are highly standardized an are instantiable FBs.

e The hierarchical structure shoud be used if the user puts a high emphasis on data seperation and clear definition of
data flow. Due to the point that the EM can only access data from “Unit” and not from “Global”, unwanted cross-access

of data between units and EMs are restrained.
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6.5.3. Content of program structure

The following figure shows the folders and blocks in the AFsgasic.

Central ObjectsOf

Functions et Project
miContro. -
UnitxEms P LibraryUsed

Unit 1

I - Folder
—Pp = Data flow

Figure 6-15: Content of program structure

The folders contain the following content:

CentralFunctions: Includes sytem wide functions and diagnostics. Central Functions can access data from other
folders, but if other folders want to acces data from Central Functions should be done through a DB.

Global: Includes global data of all units and contains no logic, it is a purely passive folder. This folder accesses to
ObjectsOfProjectLibraryUsed as it uses PLC data types from the libraries.

Motion: Includes the Motion OBs. These execute the motion technology objects like axes or cam outputs. Each Motion
OB can only exist once in the entire PLC, therefore all axes across all units are executed at the same time. Motion
commands can be called in two different ways:

- Instandard EM cycle (OB “Main” of EM). With that, a few motion servo cycles might pass until the new motion
command has been called by OB “Main” and applied to the axis.

- Inamotion OB (e.g. OB ,MC_Prelnterpolator”). With that, new commands are called in the servo cycle and new
commands to the axis are applied immediately in the next servo cycle. This might be necessary for applications
that require highest reaction times for new position commands. More information can be found in the chapter
Motion and a best practice implemenmtation is realized in the folder MotionDemo (see chapter EM Demo
Implementation — Motion Demo).

ObjectsOfProjectLibraryUsed: Local instances of the libraries that are used in the PLC program. It only contains
blocks that are used by others.

Unit: In the standard software structure, each ISA-88 unit is realized in a dedicated folder. The following relations
exist:

- Global: To read global status, commands, EM feedback and to share own status
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- ObjectsOfProjectLibraryUsed: To use elements from library

e Equipment Modules: In the standard software structure, each EM is realized in a dedicated folder. The following
relations exist:

- Global: To read global status, unit status and to share own feedback to the unit
- ObjectsOfProjectLibraryUsed: To use elements from library

- TOs: Only needed if TO Axes is used. EMs that execute MC commands need to have access the TOs via the relation.

6.6. Startup and cyclic program execution

The execution sequence of the user program depends on the initial event (PLC start or cyclic operation), the OB priority,
and the OB number.

PLC st 8 »: e 8 8 8: e
Startup Startup Startup Startup Startup Startup Startup
Number: 100 Number: 1000 Number: 1005 Number: 1010 Number: 1020 Number: 2000 Number: 2005
Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1
-
]
1
B e Tt e e ]
[
[
[
[
¥
g 2o £ 2 £ 2 8 ¥ % %
Cyclic Operation
Y Pe Main Main Main Main Main Main Main
Number: 1 Number: 1001 Number: 1006 Number: 1011 Number: 1021 Number: 2001 Number: 2006
Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1 Priority: 1
L =]

Figure 6-16: Call hierarchy of startup and cyclic OBs

The essential basis of the user program is the cyclic program execution. When all program cycle OBs, the OB “Main” are
executed, the PLC's operating system restarts the execution from the beginning in the same sequence. These OB "Main”
have the lowest priority 1. Cyclic programs can and usually will be interrupted at any time by events of another events
class having a higher priority. With multiple program cycle OBs, they are called one after the other in the order of their OB
numbers. The program cycle OB with the lowest OB number is called first.

The following events start the cyclic program:

e End of PLC Startup processing.
e End of the processing of the previous run of the cyclic program.

After the cyclic program is complete, the operating system updates the process images as follows:

e It writes the values from the process image output to the output modules.
e |t reads the inputs at the input modules and transfers these to the process image input.

OB numbering convention

In the AFsgasic, each Unit has its own OB “Main” and OB “Startup” . To ensure the correct call hierarchy, the following
numbering convention is used:

OB number = ueet where
u: Unit number from 1-9
ee: EM number from 0-99

t: 0 = Startup OB, 1 = Main OB, 3/4=empty, 5=StartupEMO, 6=MainEMO, 8/9=empty
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Examples:

OB Number = 2001 : Unit 2, Main OB

OB Number = 3020 : Unit 3, EM 2, Startup OB

Unit Unit Unit EMO EMO EM 1 EM 1
Nr. Startup  Main Startup  Main Startup  Main
1 1000 1001 1005 1006 1010 1011

Table 6-2: Extract of OB numbering

Additional OBs not related to Unit or EMs in the AF project have the following OB numbers:

Name OB #
CentralFunctions Startup 0100
CentralFunctions Main 0001

Table 6-3: Higher level function OB numbering

With this OB number convention the program will be executed in the following sequence during cyclic operation:
1. Central Functions OB Main

Unit 1 OB Main

Unit 1, EM 0 OB Main

Unit 1, EM 1 OB Main

Unit 2 OB Main
Unit 2, EM 0 OB Main
Unit 2, EM 1 OB Main

v %X N ook W N

OBs having higher priorities (> 1) will interrupt the sequence of the cyclic program execution, e.g. OB Safety, OB
“MC_Servo” or interrupt OBs.
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6.7. Data flow

The following figure show the flow of the main command and status. It is focused merely on the main command and
neglects all other functionality. The goal is to show a general overview of the core of the AFaasic.

Central
Functions

Global

Unit x

EMy

Hardware

Figure 6-17: Data flow of main commands and status
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Description of the above figure:

1.
2.

o

v 2 N o

10.

11.

12.

13.

The HMI panel writes its operator commands to the DB “Hmi".

FB “LAF_HmiHeaderMultiUnitManager” takes that information, evaluates the input “selectedUnits” and writes
commands in DB “HmiControllnterface” for the selected units.

FB “LPMLV2022_UnitModeStateManager” inside FB “CallUnit” gets the commands and set the mode and state. The
mode and state are written in DB “Units”.

FB “LAF_SelectJob” within FB “CallEquipment” selects the job depending on the programmed start conditions.

FB “Sequence” within FB “CallEquipment” reads the selected job and executes the respective logical steps. Inside the
steps, control commands for the control modules are set and written on DB “ControlNodes”.

The FBs for the control modules (e.g. LBC blocks) read the commands and set HW output respectively.
The hardware receives commands an reacts accordingly.
Status of the hardware is received by the PLC through HW inputs.

The FBs for the control modules (e.g. LBC blocks) evaluate the hardware input and write the status in DB
“ControlNodes”.

FB “Sequence” reads the status of the control modules and runs through the sequential steps. E.g. if a valve was
supposed to open and the hardware reports a “valve-open” back, the sequence transitions to the next step. If the steps
for the job are fulfilled, the EM evaluates if all jobs for the mode and state are fulfilled. If all tasks for the current mode
and state are fulfilled, the EM writes a “State complete” to DB “UnitsxEms.emFeedback”.

FB “LPMLV2022_UnitModeStateManager” reads the feedback of the EMs and transitions to another state, if
commanded or “State complete” of all EMs reported. The current mode and state are written to DB
“HmiControlinterface”.

FB “LAF_HmiHeaderMultiUnitManager” reads the mode and state of the units and merges them to a combined status,
depending on the selected units of the individual HMI panels. The summary is written to DB “Hmi".

The HMI panel reads the status in DB "Hmi” provided that specific HMI panel and display the information in the Hmi
header. (mode, state, operability of mode and state buttons).

The following figures shows the detailed variables that are transferred between the different blocks. It gives a high level
overview of some of the most relevant variables. Like in the previous figures, its easiest to start from the HMI header and
follow along the command flow.

The commands that arrive in DB “Hmi” are distributed to DB “Data” and DB “HmiControlinterface” by FB “CallGeneral”
and DB “LAF_HmiHeaderMultiUnitManager” respectively.

The unit

- reads the global status from DB “Data”,

- reads and writes unitinterface in DB “Units”,

- reads commands from DB “HmiControlinterface”,

"

- and writes status back and reads the emFeedback from DB “UnitsxEms
information from DB “DataFromSafety”.

. It additionally reads the safety reease

The equipment module

reads the unit status from DB “Units”,

and writes its feedback to DB “UnitxEms”.

The status that is shared by the unit in DB “HmiControlinterface” is evaluated by FB
“LAF_HmiHeaderMultiUnitManager” and writte to DB “Hmi.”
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Figure 6-18: Detailed data flow
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6.8. HMI interface

HMI header

The main header of the HMI provides enables the operator to send commands and shows the main status of the machine.

3 ! ' Special perator
ate 3 3 ia Ly >
| Wi Stopped ] Smith =

Figure 6-19: Main header of the HMI panel

“oon ' Manual

The header is connected to the PLC through the date type LAF_typeHeader in DB “Hmi" in folder “Central Functions”.

The PLC can handle several HMI panels and several units, whereas only one HMI can be operable at a time. For details,
please refer to the chapter HMI Software Architecture.

Two FBs are available to convert the information between the HMI header and the unit. This conversion is necessary,
because the operator can select the unit, for which he wants to apply the commands and from which he wants to see the
summarizes status:

e FB“LAF_HmiHeaderSingleUnitManager” : Can handle multiple HMI panles and one unit.

e FB“LAF_HmiHeaderMultiUnitManager”: Can handle multiple HMI panels and multiple unit.

The following figure show the data flow if multiple HMI panels and multiple units are configured.

&= E3
AN

HMI number = 0\/HMI' number = 1

s |

E‘Eﬂ Central Functions

HBHMI.mainHeaderiHMl number|

I
CallGeneral :!; LAF_HmiHeaderMultiUnitManager

% Global T T

HﬂDala “Hmitontrollnleﬁace.units[i.'m‘t number]

s Unit

~ ]

s

Unit number =0 Unit number = 1

#Callunit(ﬂ} tcallunn[l}
B

—’ = Relation from .. to

= Data access from unit to global data

+—— [ Data access from central functions to global data

Figure 6-20: Data flow, if multiple HMI panels multiple units are configured
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The data is processed as follows:

From HMI to PLC: The commands from the HMI header (power, mode requests, state commands, special functions,
acknowledge, selected units) are written into DB “Hmi". From there, FB “LAF_HmiHeaderMultiUnitManager” takes the
information and distributes it to the selected units by writing the information in DB “HmiControlinterface”.

From PLC to HMI: The units publish their information for the HMI in DB “HmiControlinterface”. From there, FB
“LAF_HmiHeaderMultiUnitManager” takes it, merges the mode, state and special function information to one displayed
status and provides it to the HMI panels according to the selected units of the respective HMI panel.

Additionally, FB “CallGeneral” evaluates the power and acknowledge commands and writes that information in DB “Data”
for general use.

From “Global” to “Unit”: FB “CallUnit” reads the global general status from DB “Date” and the commands from DB
“"HmiControllnterface”. It processes that information and writes relevant information in DB “Units” in and status back to DB
“HmiControlinterface”.

The following figure show the data flow, if only one HMI panel and one unit is configured.

.
!

H HMI.mainHeader[0]
B
CallGeneral ; f P
LAF_HmiHeaderSingleUnitManager
FB FB

!

&) Global
H Data H HmiControlinterface.unit40]
B B
~_ T
&) Unit ~
#CaIIUnit(O)
FB

—} = Relation from .. to

= Data access from Central Functions to Global

<«—> = Data access from Unit to Global

Figure 6-21: Data flow, if one HMI panel and one unit are configured
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The following figure shows the detailed data that is transferred between the data blocks.
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Figure 6-22: Detailed data transferred between the HMI header and the Unit
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Further HMI interfaces
Besides the HMI header, further connections between the PLC and the HMI exist:

e The units share information about their detailed status including histotry and statistics through DB “Units”
e Each EM contains a DB “Hmilnterface” to share status of the em, the jobs, seqeunces and control modules.

e Various data blocks from central function share information, e.g. system settings and diagnostics.
Central Functions
— Central Function
Specific DBs
B
Global
< ~
H Units Diagnostic DBs
8 B

\‘ H Settings
Unit B

H Hmilnterface H Hmilnterface
B B

<«— = Data access from an unit to global data

<—> = Data access from an HMI to the PLC

Figure 6-23: Further HMI — PLC interfaces
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6.9. TIA Portal implementation

The AFgasic contains two sections:
1. General functionality : Central Function, Global, Motion, ObjectsOfProjectLibraryUsed.

2. Unit 1 :ISA-88 unit and EM templates and examples programmed in LAD and SCL.

v |3 Program blocks

I Add new block

[£z] 01_CentralFunctions

=| 02_Global

03_Motion
04_ObjectsOfProjectLibraryUsed
09_U1_Unit1
10_EmO_General
11_Em1_Template_LAD
12_Em2_Template_SCL
13_Em3_Example_LAD
14_Em4_Example_SCL
=] 15_Em5_MotionDemo

g

Figure 6-24: Screenshot of PLC program structure in the TIA Portal project

Equipment module types
The AFsasic distinguishes between two different types of equipment modules:

e Em_Template: Contain only the mandatory blocks and calls. They are the base to start own EMs. Template for each
programming languages are available.

e Em_Example: Contain a basic example of an EM. Each Em_Example contains four CMs and implements one sequence
example. All Em_Examples are designed to execute the same use case such that the user can easy compare the
different implemtation across the different programming languages.

Programming languages

The AFeasic project offers various Unit and EM templates and examples implemented in different programming languages.
The user can choose which implementation to copy from for his application according to his programming preferences.

Folder Description

U1_Unit1 Programmed in LAD

U1EmO_General Programmed in LAD

U1Em1_Template_LAD General logic programmed in LAD, sequencer programmed in LAD
U1Em2_Template_SCL General logic programmed in LAD, sequencer programmed in SCL
U1Em3_Example_LAD General logic programmed in LAD, sequencer programmed in LAD
U1TEm4_Example_SCL General logic programmed in LAD, sequencer programmed in SCL
U1Em5_MotionDemo Example of how to split motion calls in standard cycle and motion cycle

Table 6-4: Overview of used programming languages
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6.10. Software design principles

6.10.1. Passing data via block interface vs. direct global access

Programming schema

In PLC software design, two implementation schemata are common:

e Connect global data (inputs, outputs, data blocks) in the highest level of the block hierarchy and only use the block
interfaces to pass signals to lower levels

e Connect global data (inputs, outputs, data blocks) also in lower levels directly from the source without using the
block interfaces

Both schemata have pros and cons:

e Schema 1 (using block interfaces):

Advantages Disadvantages

Better reusability of functions and function blocks, as they Limited functionality of cross-references.
are fully encapsulated.

Can be fully versioned. Lower comfort when drag-and-dropping tags from one block
to another (e.g. control node variables into sequences).

Usability for programmers during debugging and
commissioning is decreased

Table 6-5: Pros and cons of using exclusively block interfaces to handover data

- Schema 2 (using direct access to input and data blocks):

Advantages Disadvantages

Easy jump to exact data source possible, via “Go to Reduced reusability as tag calls inside the block might need
definition” tooltip. No chasing through interfaces necessary. |to be reconnected when a block is copied and called again
with other data.

Convenient drag-and drop of tags, as separate blocks can be |Increased risk of overwriting variables as they can be written
opened in spitted editors next to each other. easily from different locations.

Table 6-6: Pros and cons of reading and writing to global data directly from each block

In summary, schema 1 enables a higher standardization. Automatic project generation as well as highly reusable
programs can be better realized that way. It is considered it is a higher level of good programming. However, the usability
for programmers during debugging and commissioning is decreased.

Schema 2 on the other side is a more basic programming style, easier to understand and debug, but higher effort the
adjust for new programs.

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 62



PLC Software Architecture

Realization in the AFsasic

The user can program using the AFeasic libraries following the one or the other schema. The AFgasic project was
programmed according to schema 2 to keep the AFgasic framework offering as general and simple as possible. Especially
the possibility to use the cross-reference functionality in TIA Portal dramatically increases the usability for the
programmer.

In the following it is described how the modules are programmed within the AF. Data coming from other folders are
passed via the block interface of FB “CallEquipment”. By connecting the data source of the other folder only at the highest
level, the Unit is fully encapsulated to another Unit. Data coming from blocks inside the same folder, is accessed directly.

The following figures the FB “CallEquipment” is connected to data from another folder. This data is passed into FB
“CallEquipment” through an InOut interface. The logic inside FB “CallEquipment” can use that data referring to the formal
parameters of the interface.

DB 156
CallEquipment_
DE
WB1M
CallEquipment

EMN ENO =
_.Global Units.
unit[#tempUnit].
STATUS — = pitStatus

_Global Unit2
Ems.em
Feedback[#temp

EM] =emFeedback

_.Global.Unit2
Ems.em

Alarms[#tempEM] = unitAlarmDB

Figure 6-25: Call of FB “CallEquipment” in an OB “Main”

The following figure shows an FC inside FB “CallEquipment” with both schemata. The variables “emFeedback.isLinked”,
and “unitStatus“are read/write through the interface of FB “CallEquipment”. The InOut Parameters “hmilnterface” and
“locallnterface” however are connected to local DBs inside the folder of the EM, but outside the FB “CallEquipment”, so it
accesses these DBs directly without routing through the block interface. It is directly pointing to the DBs “Hmilnterface”
and “ControlNodes” in the EM. This direct variable link allows the user to jump to the program block directly via tooltip “Go
to definition”.

WFC15
_.LAF_ControlEm
EM EMNO
#emFeedback.is unitStatusUsed #statUnitStatus
Linked — isLinked
enhlodeState
true — CtriByHmi
enhModeState

true — CtriByLocal
#unitstatus =unitstatus
Hmilnterface.em =hmilnterface

ControlModes.em =locallinterface

Figure 6-26: Call of FC “LAF_ControlEm” in a FB “CallEquipment”
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In the HMI development there are two ways to manage button press events between the HMI and the PLC:

e Set/Reset schema: HMI sets a PLC command bit, the PLC processes the command, finally PLC resets the command bit

e OnPressed schema: Only as long as the HMI command button is pressed the PLC command is set

Both architectures have pros and cons:

Set/Reset schema

Advantages

Disadvantages

It is guaranteed that the PLC receives and processes the
command.

More complex programming, since the PLC must reset the
command, independently of the result of the command
execution

Better user experience for the operator: It does not matter
how long an operator presses the button or how long the
PLC needs, to execute the command, the command will be
executed eventually

Table 6-7: Pros and cons of Set/Reset schema

OnPressed schema:

Advantages

Increased risk ending in a deadlock, e.g. if HMI set a
command, but PLC didn't reset due to any unforeseen
circumstance (e.g. interrupt, failure, PLC stoplstart, etc.). If
the same operator command is set, it will have no effect,
since no reset action of the command has been done.

Disadvantages

Simple to set up.

Exists possibility that the operator presses the button and
nothing happens because he has not pressed the button
long enough for being detected by next PLC update cycle.

No risk of ending in a deadlock. If operator presses again,
command will be sent again.

Table 6-8: Pros and cons of OnPressed schema

If multiple commands come in parallel, there is a higher risk
of uncoordinated program execution.

In summary, Set/Reset schema enables a higher integration and standardization. It is considered as the most advanced
programming technique. However, it is more complex, and more scenarios must be considered to ensure a reliable
operation in all circumstances.

Realization in the AFsasic

The AFgasic can be programmed in both architectures. However, the AFeasic itself is realized with “OnPressed” schema, as
the main goal is to provide a general and easy to understand framework. The easy set up and the low coding complexity
increases the usability for the programmer.
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7. HMI Software Architecture

The AFeasic project delivers a modular, customizable HMI Template for WinCC Unified, specifically designed to reduce
programming effort and streamline development. This chapter introduces the HMI layout and highlights reusable
elements such as the HMI header, intuitive page navigation, and ready-to-use plug-and-play application examples.

7.1. Screen Layout

A screen layout defines the arrangement and design of visual elements within a graphical user interface (GUI),
determining how different process screens are positioned and structured within the HMI. Effective screen layouts
significantly enhance usability, ensuring operators can quickly access and interact with relevant information and controls.

The starting screen layout is designed to offer an intuitive and user-friendly experience, considering visual hierarchy,
logical grouping of related elements, optimal space utilization, and a consistent, aesthetically pleasing design.

Use case

In manufacturing environments, operators require intuitive and clear interfaces to efficiently monitor process parameters,
control equipment, and quickly respond to alarms. An effective screen layout is essential to meet these operational
demands.

The AF screen layout serves as the HMI's starting screen and is structured into six distinct sections, ensuring organized
information display and easy operator interaction:

Header 4B
Alarm Line 49

& ¥ i

Third Navigation Application H Main Navigation

Sub Navigation 4

Figure 7-1: Screen layout
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Description

1 Header Permanently visible section containing key information: PLC name, current screen name, memory-
card status, PN-connection, date/time, and PLC checksum.

2 AlarmLine Displays the most recent active alarm, enabling operators to quickly identify and respond to issues.

3 MainNavigation Provides access to 11 predefined navigation areas: Overview, State Model, Manual, Messages, Shift
Model, Production Data, Energy, CM Info, Diagnostics, Web, Settings, and User Operation. (For
details, see Section "Navigation," Chapter 7.3)

4 SubNavigation  An additional customizable navigation layer positioned at the bottom of the screen for quick access
to specific functions.

5 ThirdNavigation A customizable navigation layer located on the left side, offering supplementary options for
enhanced usability.

6 Application Central screen area displaying application-specific elements such as menus, 1/0s, graphics, and

control tags relevant to the process.

Table 7-1: Description screen layout

“ on ?' Manual 2l

Unit 1

69 EmGeneral

This is an
example.

& EmExampleLAD

This is an
example.

= 5 2025/03/31 10:00:118 =

Overview

2025/03/28 09:04:27 | Error: Error on partner - Wrong partner DP.FRWAZ2.1.0.010PP1-DU1 | DP.FRWA2.1.0.010PP1-DU1.P2 ‘ Incoming No Acknowledgement Parameter

2

Messages
2l & EmTemplateLAD 2l & EmTemplateSCL g

Diagnostics

This is an This is an StateModel
example. example.

>l ¢ EmExampleSCL 31 @ EmMotionDemo 31
e - o — e
|
- - |
e r—
This is an " .
example.

Bl
™

o = T Settings

Figure 7-2: Screen layout of AF

Sections four, five, and six are implemented as dedicated WinCC Unified pages, loaded dynamically when the starting
screen is opened. The remaining sections (one, two, and three) are integrated directly into the starting screen layout and
programmed as part of its core structure.
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7.2. Header

The header prominently displays essential information such as power status, current state, and operating mode of the
selected units. Additionally, it provides quick access for operators to control and interact directly with these units.

§ 8
SIEMENS +55 |- El/2025/03/31 10:00:18

M G . i Soa ‘ I :
oN &) Manual >@ e £P smith D AC16
2025103128 09:04:27 Error: Error on partner - Wrong partner DP.FRWA2.1.0.010PP1-D. 1 7JP.FRWA?.1.0.010PP1~[)U1J’2

Figure 7-3: HMI layout

The following visual elements are in the “header”:

Element Name Description
1 Company Name Placeholder for inserting a dedicated company name.
2 PLC Name Displays the PLC name derived from the PLC's Identification &

Maintenance/Plant designation data.

3 Current Screen Name Indicates the current screen name via the “Show Title” script.

4 HMI-PLC Connection Status / Visualizes PLC and HMI connection status, indicating conditions such as
PLC Operation Mode "PLC Stop" or "No Connection between PLC and HMI."

5 SIMATIC Memory Card Status Provides detailed status of the SIMATIC memory card, including total size,

used memory space, and lifetime utilization metrics (percentage of
service life consumed).

6 PROFINET Diagnostic Summarizes diagnostic information of connected PROFINET devices,
enabling quick identification of network or device issues.

7 CRC Check Checksums for standard PLC blocks, safety PLC blocks, and PLC text lists
are monitored. Any detected changes from previous checksums trigger
dynamic SVG visualization.

Displays current date and time settings. (Further details in the chapter

Current Date & Time "Settings.")
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Description

9 Power On/Off

Allows centralized activation or deactivation of actuators via main power
circuit breaker. Commands toggle a PLC bit (true/false), customizable by
PLC programming.

Contactor Power Status

Current Status

Figure 7-4: Power On/Off

10 Mode and Mode Commands

Entry ID: 109987391 | V2.2.2 | 10/2025

Indicates the current operational mode of selected units. If multiple units
with different modes are selected, "Various" is displayed. Modes can be
changed via pop-up. Green indicators show active modes among selected
units. Button properties (visibility, activation, control permissions) are
managed by FB "HmiHeaderManager" in the PLC.

i

Mode Requests

Production Maintenance
] L] -—

Figure 7-5: Mode Commands

© Siemens 2025 | 68



Element Name

HMI Software Architecture

Description

11 State Command

Provides pop-up access for issuing state commands to selected units.
Command availability depends on current mode, state, and state machine
configuration, managed by FB "HmiHeaderManager" in the PLC.

| weowwe

1nﬂ
|
“

;mm

'

Figure 7-6: State Commands

12 Select Unit

Shows the current mode and state of units, allowing selection of
individual or all units. Actions triggered via the header apply exclusively
to selected units.

13 State

Displays the current operational state of selected units. If multiple units
with varying states are selected, "Various" is displayed.

14 Special Functions

Entry ID: 109987391 | V2.2.2 | 10/2025

Enables additional customizable machine operations via operator-
triggered requests. Button labels can be modified in WinCC text lists;
visibility and control permissions configured via the "HMI" DB in the PLC.

%

Special Functions
Spedial Func. 1 Spedial Func. 2 Special Func. 3
—_— L k]

Define what happens when pressing the button:

Disable spedial function Enable special function
for selected units for selected units

Figure 7-7: Special Functions
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Description

15 Current Logged-In User

Displays currently logged-in user. Clicking the user icon opens a
login/logout dialog depending on the current authentication status.

With this action you Log off the current User
Do you really want to continue?

LOG OFF

Figure 7-8: Log off.

16 Acknowledge

Button to acknowledges all pending alarms.

17 Alarm Line

Table 7-2: Elements in the header
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Shows the most recent alarm event. Selecting the Alarm Line opens the
Alarm Screen.

v =] Scripts
I Add new global module

v [ Alarmline
B Add new function
= Global definition area
‘o] ClearActiveAlarms
‘o] GetActiveAlarms

» [ Colors

» [ Navigation

Figure 7-9: Global Scripts — Alarms.
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7.3. Navigation

Monitoring parameters, controlling actuators, and accessing machine data represent just some of the essential functions
that operators perform through the HMI. To ensure user-friendly and efficient operation, a standardized navigation
concept with clearly defined navigation levels has been developed, providing consistency across all screens.

Navigation within the HMI is structured into three distinct levels (see Figure 7-1).

e Main Navigation (AF screen section 3) > “"00_ScreenLayout/ScreenLayout”

e Sub Navigation (AF screen section 4) - “00_ScreenLayout/SubNavigation”

e Third Navigation (AF screen section 5) = “00_ScreenLayout/ThirdNavigation”

The Main Navigation provides direct access to primary functional areas. If additional categorization or further details are
necessary, the Sub Navigation layer is used. For scenarios requiring even deeper subdivisions, the Third Navigation layer

can be implemented. While the main navigation is always visible, visibility for sub and third navigation layers is
dynamically adjustable according to operator requirements.

7.3.1. Main navigation

The main navigation consists of two parts: a permanently visible icon bar, and a text-based menu accessible via the
burger menu. Both navigation views provide direct access to the essential HMI features included by default in the AF HMI
project.

Overview

Parameter

Messages
Diagnostics

StateModel

Settings

Figure 7-10: Main navigation
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Technical description

The AF main navigation is pre-configured with default names and graphics corresponding to essential HMI features. Both
the displayed texts and graphics, as well as the associated main screens shown in section 6 ("swContent” screen window),
can be customized within Engineering System (ES). Each navigation element (icons and text boxes) triggers an event that
loads the corresponding screen into section 6 when selected by the operator.

To modify or reassign the screen linked to a particular navigation item, simply adjust the corresponding event in the ES.
The main navigation elements are defined in the screen 00_ScreenlLayout/ScreenlLayout: navigation icons reside on Layer
7, and navigation texts are placed on Layer 6 (see image below).

Al Wl Screenayout
P = Layer 0
P = Layer_1
b = Layer 2
P = Layer_3
k
k

[ E
=

= Layer_4
= Layer_b e
= Layer_&
[ recBackgroundMainMa...
- :UE apMainMaw
45 btMainMav
45 btMainNav?

x| b Bl R B B R B
|
=
=
3
=
[+T]
=
wn

43 btMainMNav12
«i gfeClose]
45 btMainMNav13
=4 gfaCloged
* = Layer 7 e
] [ recBackgroundMainMa. .
o - :UE agmpGtcMainMNav
«& ghxMainMavD
& ghxMainMav
1 =k grxMainMav2
=k gfxMainMav3
= gfxMainMav4
=& gfxMainMavs
] «& ghxMainMave
& ghxMainMav10
«& ghxMainMav11
«& ghxMainMav12
«& ghxMainMav13

Figure 7-11: Main Navigation — Screenlayout Layer 6 & Layer 7
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7.3.2. Sub navigation

The sub-navigation extends the main navigation by providing additional navigation options within each central function.
It enables operators to navigate efficiently through multiple screens associated with the same main navigation item. Each
central function can have its dedicated sub-navigation configured accordingly.

System diagnostics "3 T

Figure 7-12: Sub navigation — Diagnostics example

Technical description
The sub-navigation functionality addresses two distinct scenarios: Central Functions and Units/Ems:

e Central Functions: The sub-navigation items for central functions are pre-configured, with defined values and events
that correspond directly to each main navigation category.

e Units and EMs: Sub-navigation entries for Units and EMs are dynamically generated during runtime (RT) according to
specific project configurations, as the number of Units and EMs may vary between projects. Consequently, AF provides
a single dynamic sub-navigation template for Units and EMs.

This dynamic behavior relies on PLC constants and HMI Text Lists, allowing the sub-navigation to update values
automatically for each Unit and associated EM. Specifically, the "SubEm" navigation screen dynamically reflects the
configured number of EMs per Unit through dedicated PLC constants linked to Unit Instance DBs (CallUnit_DB) and
associated HMI tags (UnitXEmNum, such as UnitTEmNum, Unit2EmNum, etc.). These tags reside within their respective
HMI Tag tables: U1, U2, U3, and U4.

The configuration for these dynamic values takes place in the PLC constants, as illustrated in the following figure:

|ﬂm Tags ||E User constants
=k = &
Jnit
Marme Data type Value Comment

IEI| UZ2_MO_OF_EMs | Int 6 Highest Value of equipment modules in ..

= uz_Emo Int o Equipment Module 0

= uz2_Emi Int 1 Equipment Module 1

E uz_Emz2 Int 2 Equipment Module 2

= uz_EM3 Int 3 Equipment Medule 3

E uz2_Ema Int 4 Equipment Module 4

= uz_Ems Int 5 Equipment Module 5

= UZ_EME Int [ Equipment Medule 6

Figure 7-13 PLC Constants — Unit 2

The displayed names in the sub-navigation are dynamically configured using specific HMI Text Lists (UTEm, U2Em, U3Em,
and U4Em). Similarly, the displayed values in the SubUnit navigation screen are dynamically managed through another
dedicated HMI Text List (Units).

ﬁ| U1Em |Va|u91'Range E
] units WalueiRange
<Add new=

Text list entries

. Default Value o Text

j ® General

M @ =2 Template_LAD
[ @ = Template_SCL
[ 8 a2 Example_LAD
M @ s Example_SCL
j O s MotionDemo

<fdd news

Figure 7-14 HMI Textlists to dynamize SubUnit and SubEMs Screens
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7.3.3. Third navigation

The third navigation level, located on the left side of the AFsasic screen layout, provides selection of application-specific
content displayed in Section 6 ("Content Screen"). It follows the same conceptual approach as the sub-navigation,
allowing dynamic configuration. Additionally, both sub-navigation and third navigation are synchronized when navigating
among Units and EMs, ensuring consistent screen views regardless of the selected navigation method—whether via sub-
navigation, third navigation, or graphical navigation within Section 6.

The third navigation can contain multiple navigation levels for specific screens, such as Home and Drives. Other screens
typically utilize a single-level navigation structure.

These levels are the following:
e General level or Unit level
e EM level

e CM level

<

Figure 7-15: Third navigation
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7.3.4. Unit navigation

The Unit Navigation provides operators with multiple methods to visualize and manage the various units within the
system. Depending on user preferences, units can be navigated using:

e Application Section: Graphical navigation offering a comprehensive visual overview of all available units.
e Sub Navigation: Standardized navigation to easily switch between units.
e Third Navigation: Additional standardized navigation option for unit selection.

Application section - Unit Navigation

Within the Application section, operators can directly select a specific unit to view its associated EMs. Navigation across
EMs and CMs is also accessible through this graphical interface, as illustrated in the following example images:

SIEMENS Machine Overview " | +5 | Bl 2025/06127 12:44:14

g Power: Mode: 8 State: Unit 5 ial Operator:
©) > > Reset/Clear > P >
Do o ' I I (R 5o o = J—

Machine Overview

Unit1 >l

L LCH e X >

This is an :
example. [

PLC internal
simulation via
function blocks

Status *
Simulation ON i E

Figure 7-16: Unit Navigation — application section
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SIEMENS _ w5 5 2025/06/27 12:44:59

F
Unit1 w
(;9 EmGeneral > CQ EmTemplateLAD 2 59 EmTemplateSCL >
e e e <°L>f'
This is an . This is an . This is an . =
example. example. example.
i i i
69 EmExampleLAD M 69 EmExampleSCL >l 59 EmMotionDemo M
e e T — -
—
= . = - I
This is an . This is an » — v
——

example. example. i
i i i

-1

Figure 7-17: EM — application section

SIEMENS EmS5 Motion Demo " | 25T |.m Bl 2025/06/27 12:45:50 =
ode: ] State: Unit : Operator: s
>l i Stop. Reset/Clear Special ) m
#
Unit 1 - EM5 Motion Demo W
M1
| 3
——
—
A Axis Control Basic /1 Axis Control Basic
AxiasSimpleCtr] AxisSimpleCtr] |
FB enabled FE enabled .
Homed | Axis control Homed | Axis control
| - | -
Current Job
Velocity  Position Velocity  Position 0
e
0.00 2.34 0.00 234 e Current Sf‘,r
o

®
o O N

= - B

Figure 7-18: Control Module — application section
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SubNavigation & ThirdNavigation — Unit Navigation

Sub Navigation and Third Navigation both offer a standardized method for navigating through Units, EMs, and CMs.
Operators can easily switch between different units by selecting the appropriate navigation buttons. The navigation
structure for Units, EMs, and CMs follows a consistent design concept across both levels.

Button labels displayed during runtime (RT) are dynamically generated using predefined HMI Text Lists (Units, UTEm,
U2Em, U3Em, and U4Em) and PLC constants. This approach ensures that navigation labels and associated values adapt
dynamically to the current configuration.

The following images illustrate how these navigational elements appear on the HMI panel:

SIEMENS Machine Overview " S | B 2025006127 12:47:03

gy Power: Mode: State: Unit S ial Operator:
<) >l Reset/Clear L Ack
on 71 wanual NS ' e — R

>l

F

(]
O
B

This is an
example. [

. ©

fu ock:
Status *
Simulation ON i E
[ o) '3
b

Figure 7-19: Unit SubNavigation and Unit ThirdNavigation

SIEMENS Em5 Motion Demo ; " | wrr m B 202500627 12:47:45 =

\4".“« o . Reset/Clear e >l Unic Special Dperatpr 3|
i Stopped L aypie | - Smith

Manual

£ BacktoUnits
tion Demo

ntrol Basic /1 Axis Control Basic
eCtrl AxisSimpleCtrl
FB enabled FB enabled
4 s ghich

Homed

Error

on Velocity Position

hT

Figure 7-20: EM SubNavigation and EM ThirdNavigation
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7.3.5. General Navigation Commands

HMI navigation includes three additional commands to navigate through the screens. The operator can switch from
one screen to another, using the following commands: Previous, Up and Next.

e Previous: Navigates back to the previously displayed screen.

e Up: Moves up one navigation level, applicable specifically within Unit, EM, and CM screens (e.g., from CM to EM, or

from EM to Unit).

e Next: Navigates forward to the next screen in the previously visited sequence. (Note: the Previous command must be

used at least once beforehand).

- T

Figure 7-21 HMI General Navigation Commands — Previous, Up and Next

7.3.6. HMI project tree navigation

The project tree navigation reflects the previously described navigation types, maintaining a consistent organizational
structure across screens and HMI tags. The following image illustrates this structured approach:

~ Tj Screens
EF Add new screen
= [&:] 00_Screenlayout
F_| ScreenLayout
] L PopUps
» [£z] SubMavigation
» [£:] ThirdNavigation
~ [{:] 01_CentralFunctions
» [£z] 01_Overview
» [£z] 02_Parameter
» [£z] 03_Manual
] L 04_Messages
» [£:] 05_Diagnostics
» [£:] D6_StateModel
» [Ez] 10_web
» [Ez] 11-13_Bookmarks
» [Ez] 14_Settings
» [fz] 02_MachineOverview
» [iz] 99_ObjectsOfFrojectLibraryUsed
» [E:] U1 _Unitd
» rf\,\] Screen management
~ [ HMitags
% Show all tags
“b' Add new tag table
% Default tag table [13]
» [iz] 00_Screenlayout
» [%:] CentralFunctions
» [52] Unitl

Figure 7-22: Project Tree structure — Screens and HMI tags
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7.3.7. Scripts for generic Sub and Third Navigation

The main purpose of generic navigation scripts for Units and Equipment Modules is to simplify their management and
accelerate their integration within the HMI project.

Navigation Scripts in the "Scripts Modules":

Previously "hard-coded" navigation scripts have been standardized as global scripts. This approach ensures simpler
maintenance, improved debugging, and faster implementation in the project. These scripts are available in the global
scripts directory under the Navigation folder.

v [ Navigation

I’ Add new function
=* Global definition area
flai] ClosePopupWindow
‘o] EquipmentModuleLoaded
flai] HideMainNavigation
liai] HideSubNavigation
‘o] HideThirdNavigation
flai] HideThirdNavigationCM
‘o] HideThirdNavigationEM
foi] HighlightButton
fai] HighlightButtonThird
] HighlightMain

I_‘.'.,j OpenEMnNavigation]
'] OpenPopupWindow

|z OpenunitinSubNavigation |

fai] ShowMainNavigation
‘o] ShowSubNavigation

fai] ShowThirdNavigation
foi] ShowThirdNavigationCM
“oi] ShowThirdNavigationEM
fai] ShowTitle

fiai] UnitCount

Y] UnitLoaded

fai] UnitSelected

Figure 7-23: Scripts for the navigation in the Scripts folder

Using Navigation Scripts for Units

Navigation scripts are directly assigned to buttons associated with specific Units. To implement, simply import the script
as a system function and assign the corresponding Unit number as a parameter:

4
Properties ” Events ” Texts ” Expressions |
*+ T EHE S X
Activated Name Value
Deactivated ¥ Navigation.OpenUnitinsubNavigation
jiin{ Click left mouse butto) unithiumber (optional) 1
Press key <Add function>

Release key

Click right mouse bu...

Figure 7-24: Script as system function for the Unit's Sub Navigation
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txtThirdNav1 [Text box]

Activated p— |'Nﬂ\‘l"ﬂ* I%‘a&a A=
E.f_‘.ll- _=nl|1 ~ MNavigation.OpenUnitinThirdNavigation |
i click: 0 unithiumber (optional} 1 i
Press key : ||| <Add function> |
Release key fm |
Click right mouse bu... _u” I
i 1

Figure 7-25: Script as system function import for the Unit Third Navigation

For detailed instructions on configuring and managing new Units, refer to Chapter 9.9.

Using Navigation Scripts for Equipment Modules

Navigation scripts are assigned directly to buttons associated with Equipment Modules. The script is being used and
assigned to the corresponding EM number as a parameter (everything is prepared to not have to touch anything in the script. It
dynamically changes depending on the number of EMs that we have in the proper Unit):

4
txtSubNav1 [Text box]

T_I Properties | Events | Texts _l Expressions |

bl ;E Global definition 2 Asynchronous : H m]: X ® G
wated 1 export async function txtSubNavl OnTapped(item, x, y, modifiers, trigger) {
A 2 let currentPage - Tags("furcentPageEl").Read();
Deactivated P ——_
i Click left mouse button 4 I Favigation.ppenEMInNavigation 1+ currentPage) ; I
Press key 5 )
Release key & catch (err) {
Click right mouse bu... 7 HMIRuntime.Trace ("Function call failed™);
E
9
10 3

Figure 7-26: Script for the Equipment Module Sub Navigation
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betThirdNavD [Text box]

Activated

i

Press key
Release key
Click r?'qht mouse bu...

Figure 7-27: Script import for the Equipment Module Third Navigation

For detailed instructions on configuring and managing Equipment modules, refer to chapter 10.15.
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7.4. Machine Overview

The Machine Overview screen represents the highest-level visualization of the machine within the HMI. Because the
AFsasic project supports multiple units, this overview provides operators with a clear summary, including status indicators
for active errors (e), warnings (w), and informational messages (i) for each unit.

The HMI screen structure follows the ISA-88 standard, organized in a hierarchical, tree-based architecture. Clicking on any
unit navigates down one level to display the detailed view of its associated Equipment Modules (EMs).

Machine Overview

Unit1 >

This is an
example. |

Status

Simulation ON

Figure 7-29: Example machine overview
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7.5. Operation lock mechanism

When multiple HMIs are available to control the machine, it's essential to ensure that only one HMI can operate the
machine at any given time. This functionality is implemented using the Operation Lock mechanism.

Concept

By default, all HMIs initialize in a locked state, displaying the Lock Screen until operational control is explicitly granted.

Operation

Request access

Figure 7-30: Operation lock

When the machine is powered on, all connected HMI devices display the Operation Lock sidebar window. To gain control
of the machine, the operator must press the "Request access" button.

The Operation Lock indicates whether the current HMI has control rights. If no HMI or a different station is currently in
control, the operator can request operation. When another HMI sends a new request, the previously active HMI is
immediately interrupted and loses its control rights—though this behavior can be customized if needed.

Technical description

In the screen “00_ScreenlLayout”, the overlay screen “swLock” is configured with the highest priority (layer 31) to cover
the entire display area when active.

When the “Request access” button is pressed, the following values are assigned to internal variables of the HMI:
e @ServerMachineName - 00_Screenlayout\Hmi_operationinterlock\commands\"ServerMachineName”.
e @localMachineName - ' 00_Screenlayout \Hmi_operationinterlock\commands\"LocalMachineName".

The visibility of “swLock” is controlled by a script triggered by PLC tags:

e "Hmi.operatorinterlock.commands.serverMachineName "
e "Hmi.operatorinterlock.commands.localMachineName "

These PLC tags are linked to the HMI panel’s internal tags @ServerMachineName and @LocalMachineName. When the
operator requests control, the HMI updates these tags with its own identity, gaining exclusive operation access. All
other HMIs are then locked, as their names no longer match the central PLC control values.

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 83



HMI Software Architecture

During testing or commissioning, it is possible to disable the “swLock” function. To do so, the PLC variable
“Hmi.operatorinterlock.commands.serverMachineName” must be overwriten with the WString “OFF”.

NOTE

The recommendation is to do it only manually via TIA Portal online. Do not change the start value.

= w operationinteriock
* w commands

» reqMaintenancelLock
. reqMaintenanceReset
» serverMachineName
= localMachineName

AF_typeOperationl... Module interface for external
AF_typeOperationl.. Module related ¢

Bool F equest m
Bool
WString
WString

Figure 7-31: Operationinterlock data structure in the DB Hmi in the Folder Central Functions
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8. Central Functions

Central Functions exist in the PLC and the HMI. In the PLC and HMI it is represented by a folder. The folder structure and
folder numbering inside “General” is aligned between the PLC and the HMI, to easily find related folders. This chapter of
the documentation explains both the PLC part and HMI part.

Central Functions contain system wide functionality which affect the entire system or are hierarchically above the unit
level.

7 s
v [%] 01_CentralFunctions 4:];:;::. Parameter
- new screen
& Main [OB1]
» [Ez] 00_Screenlayout Manual

4 Startup [0B100] = :
¥ |&z] 01_CentralFunctions

» i 00_General
F-_:J . » (%] 01_Overview pesSages
» |tz O1_Overview SR
» [£z] 02_Parameter r‘—=1 o;— aramTter Diagnostics
- s » &
» [£z] 03_ManualOperationLines '_5 ; _Manua e
i » [tz] 04_Messages
» [£z] 04_Messages }-J _M‘e 599‘
- z = » !tz 05_Diagnostics
» 'tz:] 05_Diagnostics SN T e
¥ ‘ _> (&2 tate! H
» [E:] 06_StateModel - & 10-;% e
L 10-we: »fjn_wa kmark
» (%] 11-13_Bookmarks rEJ ; 'S— ‘°° marks
= o > &) 14 s
» [%z] 14_Settings (k2| 14_5Setung

Settings

Figure 8-1: Overview of “Central Functions” in the PLC, HMI and side bar of the HMI

8.1. General

In the PLC, the folder “General” contains functionality that is system related and/or valid for the entire PLC.
These are:

e Reaction to a connected SIMIT simulation

e Global Acknowledgement

e Global Power On/Off

e Connection to Main Header on the HMI

e Read local PLC date and time from CPU clock
e Clock bit generation

e Time synchronisation with NTP

~ '&2) 00_General
4 CaliGeneral
@ Hmi
b (%l Instance DBs

Figure 8-2: Content of folder “General” in the PLC
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In the HMI, there is no folder “General” in “Central Functions”, as the PLC functionality is related to the HMI main header in
the screen “ScreenLayout”.

y M| e >l Reset/Clear [ > —perator N Ack
on 2! et ' . < - EB ..

Figure 8-3: HMI main header

The HMI header displays the most global information: Power status, current mode and state of the unit. It also allows the
operator to send commands to switch the power status, mode and to send commands. Additionally, special functions
could be selected as well as a global acknowledge command.

The main header in connected to the DB “Hmi". FB “LAF_HmiHeaderSingleUnitManager” handles the data flow between
the HMI and the unit. It can handle multiple panels and one single unit. Depending on the unit status (current mode and
state) in the HMI, the button appearance and value displays (mode, state) are aggregated in the PLC from the unit and
send to the HMI. FB “LAF_HmiHeaderSingleManager” handles all that. It coordinates multiple HMIs with a single unit.
8.2. Overview

The overview folder in the HMI contains pop-ups that are used in the machine overview screen. The AF provides two pop-
ups:

¢ InterlinkControl : Enables the user to link and unlink an equipment module from the unit.
¢ InterlinkControl_NonUnlinkable : Information box that the equipment module cannot be unlinked.

In the PLC, the functionality related to these pop-ups is handled within the FB “CallEquipment” of the equipment modules.
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In the parameter screens various use cases of configurations, e.g. commission settings, recipes, etc. can be implemented.

In the AF project the screen uses the WinCC Unified "Parameter set control" object.

Parameter

Central Functions

The parameter control is a comprehensive function for the control of parameter sets for configuration engineers,

operators and recipe creators. The parameter control brings you the following benefits:

You can apply the structure of a user data type for one or more parameter set types.

You can change the structure of one or more parameter set types automatically via a new user data type version.

You can exchange a large number of parameters manually or automatically between HMI device and PLC to set up a

machine for a production.

You can create parameter sets simply and uniformly for products to be manufactured in the works during engineering

or during ongoing operation.

By structuring the associated parameters/setpoints, you can easily transfer parameters.

Parameter set type

| Mixing_Apple_Pie
Pt sk

| No elements available
Name
apples
flour
sugar
milk
cinnamon
butter

salt

(=T RGN TN TR B -G R SV R R R )

—

Number

Number

Value
1.00
3.00
140.00
50.00
0.5
225.00
9.00

MEEERP TR

Figure 8-4: Parameter set control

Unit of measurement
Kg
tsps

i

For more details, please have a look into the Documentation for WinCC Unified - Creating and
configuring parameter set control

https://support.industry.siemens.com/cs/document/109821886
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8.4. Manual Operation Lines

In the manual screens, various use cases for manual operating CMs can be implemented. For this, the AF introduced the
Manual Operation Lines, a straightforward solution with high custom ability to control a CM with two buttons and display
the information about end switches and/or values like current speed and position. An example of a manual operation line
can be seen in the following image:

1: Sensed LEnd1 Manual Line 5 Sensed REndl 1:
Left 2: Sensed LEnd?2 i Sensed REnd2 2: Right

1 2z 1

U3Em2 Conveyor
LEFT 0.000 RIGHT

Figure 8-5: Example of Manual Operation Lines

There are mainly two use cases for using the manual operation lines:

e Using the prepared generic screen “LAF_ManualOperation1_1280x800", here the user can get an overview of the
CMs. This solution is simpler to use, when adding new CMs, since most of the HMI architecture is ready-to-use in the
AF.

e Using the faceplates in a custom screen, this solution needs more work, since the prepared features need to be added
manually to the screen to function properly.

NOTICE Json files on WinCC Unified Basic Panels
The Manual Operation Lines do need Json files to work. In the WinCC Unified Basic Panels there is no
App to move the files from a USB Stick to the Panel. So in this case the chapter How to use Json files
Add-In must be followed.
8.4.1. Main configuration concepts

This chapter introduces the necessary configuration elements for the Manual Operation Lines. A detailed step by step
example can be found in the following chapter How to implement Manual Operation Lines

Global DB for all Manual Operation Lines

For internal usage of Manual Operation Lines a global DB named “LAF_InternalManual” with an
Array[0.."NO_OF_HMI_PANELS"] of “"LAF_typeManHMIDisp”, has to be created. A configuration is not necessary because
the Automation Framework project works with one HMI: hmi[0] (the array size determines this).

Equipment module DBs

Following the AF programing recommendation each EM should have a dedicated DB for each CM being operated with
Manual Operation Lines. A corresponding template DB “ManualOperationControl_Template” can be found in the “Central
Functions” Software Unit under the folder “03_ManualOperationLines”. The data structure contains three elements:

e The EM configuration “manualOperationEm” of type “LAF_typeManEm”

e The array “manualOperationEmArea” of type “Array[1..<X>] of LAF_typeManOperationArea” with X as the number of
areas the Manual Operation Lines are being grouped
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e The array “manualOperationCms” of type “Array[1..<Y>] of LAF_typeManOperation” with Y being the number of CMs
in the EM

With the “manualOperationEm” only the "equipmentModuleNum” configuration needs to be set. The
“equipmentModuleNum” has the identification values of the EMs. Since the EMs are part of a Unit, it is recommended to
use the second and third digit from the right for the EM number and the fourth and fifth from the right for the Unit
number. For example, the EM 2 in Unit 3 in the Area 5 has the value “3025". Since the datatype is <UInt> the maximum
value should not exceed 64999 (Unit: 64, EM:99., Area:9)

For the “manualOperationEmArea” the only setting for each area in the array to be set is the “displayedLines” of type
<string>. The string can be configured such that various combinations of Manual Operation Lines in that area can be
configured. For example, to display lines 1 to 6 use the format 1-6;". To do sorting using commas, for example ‘6,5,1,8" to
display CMs in the order 6 -> 5 -> 1 -> 8. If there are more than 6 CMs for one area, there will be a page up and down in
the “LAF_ManualOperation1_1280x800" screen.

For the “manualOperationCms"” the only configuration is the number of CMs by setting the array size.

Textlists

The text lists have two different functionalities:
e The color configuration for the manual lines
e The area names for the EMs

The text lists for the colors have the format “LAF_manualColor<X>" with X being number for the selection in the Json files,
like “LAF_manualColor1”. The color text lists have a fixed format for the values being 1 — normal state, 2 - pressed, 3 -
confirmed, 4 — deactivated and 5 - deactivated+pressed, and the color values are set in the Text with the hex code. The
first two digits of the hexcode after “Ox” are the transparency setting, being “ff” for 0% transparent and “00” for 100%, and
the last 6 digits are the normal color hex code.

The text lists for the area names have the format “EquipmentAreas_<X>" with X being the equipment area code, like
“EquipmentAreas_3020". This Text list is used for the screen “LAF_ManualOperation1_1280x800" so that the areas shown
in the following image have the respective text depending on the EM:

m Area 2 Area 3 Area 4 Area 5 Area 6

Figure 8-6: Area names for each EM

Json Files

A Json file is needed for each control module/manual operation line. Each Json file has the information about the name,
value unit, amount of end switches, button colors, end switches activation and deactivation colors, names for each end
switch and name for the control screen (see Figure 8-10). Up to three different texts (symbolic, electrical or mechanical)
can be configured in a Json file, allowing different texts to be displayed when a manual operation line is touched during
the display of a message.

The format of the Json file name is “<X>_<Y>_<Z>.json” with X as the EM number, Y as the line number and Z as the
Language Code. An example of Json file name would be “3020_1_1033" for line 1 of EM 3020 with the language English
(defined by the Locale ID standard as 1033).

The Json file needs to be added to the PC Runtime or panel and the path where it needs to be placed is configured in the
HMI Tags as “manualOperationFilePath”.

e When using the manual operation lines for simulation and Unified PC runtime, the Json files must be manually copied
into the configured path inside the HMI Tag “manualOperationFilePath”.
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NOTE . . . . . . .
Path Convention: When using a Windows PC Runtime path strings must include additional escape

characters like the following: “D:\\sonFiles\\" (double backslash).

On the other hand, if the manual operation lines are to be used on a real Unified panel, the Json files need to be
transferred using the Json files Add-In. The files will be automatically copied from the path <<locally saved TIA Project
folder>>\UserFiles\jsonfiles to the configured path inside the HMI Tag “manualOperationFilePath” when the download
is done. More information on chapter How to use Json files Add-In.

NOTE Path convention: When using a Unified Panel, the path should be “/lhomelindustrial/JsonFiles/”

without the additional escape characters.

FC Calls

For the use of the Manual Operation Line there are two FCs mandatory:

“LAF_manEmConfig” and

“LAF_manOperationCm”

The following configuration is necessary for:

LAF_manEmConfig

" ou

The three structures of the EM configuration DB (“manualOperationEm”, “manualOperationEmArea”,

“manualOperationCms”) introduced in the beginning of this chapter, must be connected to the FC “"LAF_manEmConfig".

”

Additionally, the DB “LAF_InternalManual”, used for the screen Data must be connected to the FC to manage the
“LAF_ManualOperation1_1280x800" screen. The following image shows an example of such configuration.

Network 4: TUnit 3 Equipment Module 2 Configuration

Equipment Module 3020

YWFCE6
“LAF_ManEmConfig”

EM ENO
true =— firstScan status — #status[1]
falze — ctriScreenPos errlD — #errorlD[1]

T#55 — lineActvDelay

“Manual
Operation
Control_U3Em2".
manualOperation

Crns =lines

“Manual

Operation
Control_U3Em2"

manualOperation

Emfrea =areas

“Manual
Operation
Control_U3Em2".
manualOperation
Em =equipModule
"LAF_Internal
Manual®.hmi[0]

Figure 8-7: Block: “LAF_manEmConfig” configured for EM 2 of Unit3

LAF_manOperationCm
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With the “LAF_manOperationCm” the variables used for the CM control are connected. Each CM must be connected to
only one “LAF_manOperationCm"” FC. All FC inputs are described in the block documentation but in the following
examples for some basic functionality:

Input(s) Description

“rightEndPosSens<X>" and Feedback from the process about end switches being On or Off
“leftEndPosSen<Y>"

“execRightCmd” and “execLeftCmd” Control the CM’s hardware like a physical button

“cnfrmExecRightCmd” and Feedback that the command is being executed

“cnfrmExecLeftCmd”

“expandable” Open the screen windows for the specific control node. The screen that will be

open needs to use the name “ControlScreen_<X>_<Y>", with X as the EM number
and Y the line number.

Table 8-1: A selection of “LAF_manOperationCm” inputs
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F Line 1in U3Em?2 (Cylinder CM}

- Chb
_.LAF_manOperationCm
EN EMNO
maode status {— ¥status[2]
true =—tchowline errlD f— #errorlD[2]

true
EMECHANIC_  lenableMech
MAME_EMAELE —Y Addr
frue — expandable
falze —tdisableLineSel
false —enableBigArea
falze —texecleftCmd
falze —lexecRightCrd
true ==t cnfrmExecLeft
truge —4cnfrmExecRight
#disableUnit3 — disableLeft
#disableUnit3 —disableRight

ManualOperation

Control_UZEm2.

manualOperation

Cms[1].emd exec cnfrmExecleft
Lefitmd &4

ManualOperation
Control_U3Em2.
manualOperation

Cmsf]].crnd_enec cnfrmExecRight
RightCrnd _E- g

_Unit3.Em2 Hmi
Interface.cm
Cylinder.
commands.
commandHome

Pos fieldDevAckLeft

_Unit3.Em2.Hrni
Interface.cm
Cylinder.
commands.
comrmandork fieldDevAck

PO tRight

ManualOperaticn
Control_U3ZEm2.
manualOperaticn
Cmis[1]

=line -

Figure 8-8: Configuration example of “LAF_manOperationCm” for Manual Operation Line1 in EM2 of Unit3

HMI Call for main view

The manual operation screen is generic so that the main view does not need additional screens to be created. To open the
main screen “LAF_ManualOperation1_1280x800" with the correct equipment module, the global script
“LAF_getEquipmentModule” under the “ManualOperation” needs to be used. As shown in the following image, the
“LAF_getEquipmentModule” first parameter is the number of the equipment module, and the second parameter is the
screen window path that should be used to open the screen.
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Automation_Framework_Dev » DPFRWAZ2.1.0.0000P1-KE20 [MTP1200 Unified Basic] » Screens » 01_CentralFunctio

» 03_Manual » ManualOperation

FAaLs G RESNHAUESTE WENS & & B gf F 1 % Semessons [B18[«] BT U S A ¥ EEE St — - e
Manual Operation Overview
Unit1
a o o
L o
a B B
4 Properties |”
| Properties | Events [ Texts [ Expressions
M) =} Global definition 31/ Synchronous ,a:: = L Co Qu
Acivated export function Eml Hopper OnTapped(item, x, y, modifiers, trigger) [
__ Deactivated 3 HMIS .Tags. o, SetT = ("BquipmentModuls Dynamic_Name", = D= "):
'_fs_‘. Click left mouse button 4 module mnualape:aeioq.m getEquipmentModule | G ki
Press key e
Relense key M time.UT. 8y t.ChangeScr ("BubManualModules”,
Click right mouse button l

Figure 8-9: Example HMI call for manual operation lines screen call

In the Figure ,the equipment module number 1050 is defined under the equipment modules DB

“ManualOperationControl_UTEm1” with the parameter “equipmentModuleNum” from the variable “manualOperationEm”.

The screen window path is set to “.” since the screen window opening the manual operation screen should be used, but in

case a screen window in a layer higher or lower should be used, it is also possible to do. For Better visibility it is
recommended to use the ScreenlLayout’s screenWindow “swContent”.

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 93



Central Functions

HMI Line screens

Additional to the normal view, it is also possible to create specific expandable line screens to be open for specific lines as
shown in the following image:

Reset Axis Enable Axis

Figure 8-10: Example expandable manual operation line screen

To configure a screen for the line X of an equipment module YYYY, a screen located in the folder “LineScreenWindows”
with the name “Template_ControlScreen_YYYY_X"is created and in the PLC, the "LAF_ManOperationCm" for line X has the
input “expandable” set to true. To open the screens, the screen windows “controlX” in the screen
“LAF_Actvinst1_1280x800" are used.

It is recommended for the line screen to be the same size as the screen window. For the 1280x800 resolution, the screen
size 1194x180 is recommended.
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8.4.2. How to implement Manual Operation Lines
The Manual Operation Lines are implemented in the AF project in the main navigation under manual operations.

In the AF project all library blocks for the Manual Operation Lines have been added into the folder
“04_ObjectsOfProjectLibraryUsed - LAF - 10_Central — 03_ManualOperationLine - PLC".

As they are part of the main navigation bar, in the AF Basic project, the Manual Operation Lines have been configured in
the folder “01_CentralFunctions - 03_ManualOperationLines” where the lines are called.
* [%:] 03_ManualOperationLines
& CallManualOperationLines_Unitl [FCT]
@ LAF InternalManual [DE43]
* [£3] Unit
@ ManualOperationControl_UTEmS [DB104]

Figure 8-11: Blocks programmed for the Manual Operation Lines

Base configuration

The “CallManualOperationLines_UnitX” FC is created to call the following blocks: the “LAF_manEmConfig” for each EM and
“LAF_manOperationCm" blocks for each line that is required to be configured as explain in the previous chapter.

The connections for the FCs in the “CallManualOperationLines_UnitX" are done through DBs. Each EM has a DB for the
configuration, the areas configuration, and the CMs. Each ManualOperationControl DB has the Unit number and EM
number as extension, and are located in folders with the name of the Unit they belong to. The following image shows
how one of the DBs, for EM5 of Unit1 was configured. The changes from the templated are highlighted in the red:

. number of the EM with the correct nomenclature (1050).

. number of lines to be displayed for each area, here two lines in the first area.

ManualOperationControl_U1Em5
Mame Data type Etart value Retain

I @l ¥ Static _| .’__lE_'|
2 ) = ¥ manualOperationEm "LAF_typehanEm" O
3 < - equipmentioduleMum Ulnt
4«10 = actvArea Uint 0
5 < 5} pages "LAF_typeManPageDetails”
6 <0 = T manualOperationEm#Area Arrayl1.1] of "LAF_typeht... [:I
7 = = ¥ manualOperationEmArea[l] "LAF_typelManOperationAr...
& -0 - areahlum Ulnt 0
S <0 - displayedLines string 7
10 <] = p hmiPage "LAF_typeManPageDetails™
11 <@ = » manualOperationCms Array[1..2] of "LAF_typel... =

Figure 8-12: Manual operation DB configuration example U1 EM5
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Connecting the CMs

After the configuration of the DB, the connections are added to the blocks inside “CallManualOperationLines” FC,
connecting several of the inputs to the corresponding control node DB of the EMs. For example, in the case of Line1 of
EM5, Unit1, the connections are the following:

. The inputs “cnfrmExecRightCmd” and “cnfrmExecLeftCmd” are used to get the feedback, that the “button is being
pressed” and the PLC got this information.The simple implementation is to connect directly to the “jogForward” and
“jogBackward” variables coming from the “commands” section of the Hmilnterface.

. The inputs “fieldDevAckLeft” and “fieldDevAckRight” are the acknowledgement of execution from field device and
it is connected to “Em5_Hmilnterface.cmPosAxis.monitoring.jogBackward” which also comes from the Hmilnterface DB of
the EM5 cylinder when the monitoring to jog Backward has been activated.

"EmS_Hmi
Interface”.cmPos

P.:-cis_.u:u:ummandz. cnfrmExecLeft
jogBackward | crnd

"EmS_Hmi
Interface”.cmPos

P.:-cis.c_u:nmrnand5. cnfrmExecRight
jegForward | rmd

"Em5S_Hmi
Interface” cmPaos
Axis.rmonitoring.
jogBackward — fe|dpevAckLeft

"EmS_Hmi
Interface” cmPaos

Axis.monitonng. | feldDevAack
jogForward Right

0

0

Figure 8-13: Closer look to inputs configured in “LAF_manOperationCm”

Once all the configuration blocks of the EM and the blocks for each line are set up in the “CallManualOperationLines”, the
implementation of the Manual Operation Lines in the PLC is completed.
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HMI implementation

The HMI tags are configured trough the predefine table called "03_manualOperation”, located in the “HMI tags —
CentralFunctions” folder; establishing the connection with the corresponding PLC tag that will come from the DB
"LAF_InternalManual” and which will show the data from the HMI interface.

As it was mentioned in chapter 8.4.1. in the HMI tag table is where the path for the json files needs to be specified. The
tag to be modified is “manualOperationFilePath”, and the path should be specified in the Properties>Values (see image 8-
15). Since the project uses a Unified Panel, the path value would be “/homelindustrial/JsonFiles/”, but as shown in the
image below, the initial path was set to “D:\\JsonFiles\\" for testing in the simulation. When downloading to a Panel, the

loaded event of the “ScreenlLayout” screen changes the json file path automatically to “/home/industrial/JsonFiles/” to
facilitate the testing.

03_manualOperation

Name a Data type Connection PLC nome
P a manuafinst! Active Bool <internal ag>
>4 manualins2Active Bool <intemal tag>
P @ manuaioperatonFlerath | wsting B anemnal. [l

4@  manualPrevEminstt uint <intemal ag>

>4 manualPrevEmins2 Unt <intemal tag>
S * | previanguage Uint <internal rg>

CAAA aoars
<

——

| Properties | Events | Texts

Values

General

Settings

Range Startvakue: | D:\UsonFiles)
Linear scaling

Values

Comment

Good Manufacturing Practice

Values

Figure 8-14: HMI Tag “manualOperationFilePath” configuration

As next step, the text lists need to be added. There will be two different kinds of text lists that affect the use of the
Manual Operation Lines in the AF Basic project:

. "EquipmentAreas” text lists : need to be configured for each EM with the corresponding name. For example, in
the “"EquipmentAreas_1050" text list the areas are configured as in the image below:
Text lists
. |Mame a Selection Comment
Q Crives ValuelRange
| I:| EquipmentAreas_1050 ValueiRange E
Q LAF_GMPreasaons ValuelRange List of prei

il
[ i W e, |

Text list entries

. Default Value a Mame Text
[ © 1051 Areal Area 1
[ O 1052 AreaZ Area 2
[ © 1053 Area3 Area 3
[ O 1054 Aread Area 4
[ © 1055 Area5 Area 5
[ O 1056 Areat Area 6
[ © 1057 Area’ Area 7
[ © 1053 Areas Area 8
[ © 1059 Aread Area 9
[ © 1060 Areall Area 10

<Add news

Figure 8-15: "EquipmentAreas_1050" text list
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“LAF_manualColor” text lists : They are text lists from 0 to 16 which contain as text, the colors used in the Manual
Operation Lines faceplates as a hexadecimal value. These text lists are needed to transform the colors that are read from
the json files.

Text lists

Mame a

o | n
]|

Drives

EquipmentAreas_1050
LAF_GMPreascns
LAF_Interfacel

LAF Interface2

LAF Interface3

LAF Interfaced

1 fres
i

[

rat]
i

rov
T

| selection

Value/Range
Value/Range
valuelRange
ValuelRange
Value/Range
ValuelRange

ValueiRange

Comment

List of predefined reasons whya...

LAF_manualColord
LAF_manualCalort
LAF_manualColorio
LAF_manualColort®
LAF_manualColori2
LAF_manualColorl3
LAF_manualColorid
LAF_manualColoris
LAF_manualColorls
LAF_manualColor2
LAF_manualColor3d
LAF _manualColord
LAF_manualColors

1o
I

¢

ra| fros
(il

)

o
i

e

ey
i

1ot
I

il i el

o]

LAF_manuslColors

i

LAF_manualColor?

LAF_manualColord
LAF_manualColord

==

|

| LAF_tIDriveDiagAxis_fxisType

ValuelRange
Valuel/Range
Value/Range
valuelRange
ValuelRange
Value/Range
ValuelRange
ValuelRange
Value/Range
Value/Range
Value/Range
Value/Range
ValuelRange
Value/Range
ValuelRange
ValuelRange
ValuelRange

Used as Default for Script Excep..
1-normal, 2 - pressed, 3 -confi..
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 -pressed, 3 -confi..
1-normal, 2 -pressed, 3 -confi.
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 - pressed, 3 -confi..
1-normal, 2 - pressed, 3 -confi..
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 -pressed, 3 -confi..
1-normal, 2 -pressed, 3 -confi..
1-normal, 2 - pressed, 3 -confi..
1-normal, 2 - pressed, 3 -confi...
1-normal, 2 -pressed, 3 -confi...

1-normal, 2 -pressed, 3 -confi..

L#_t BI’IVEBIEQES_@SJE‘HSDF&UE puon

LAF_tIDrive DiagAxis_AxisSensorState

Value EEHQE

Value/Range
ValueiRange

R 5]
MC V8.0
MC VE.0

Figure 8-16: Manual Operation Lines text lists needed in the AF Basic project

In the following step, the scripts for the Manual Operation Lines must be added to the HMI project. There is a folder
named 'ManualOperation' that contains the main scripts used within the project screens. The remaining scripts are
typified scripts that will be automatically included or updated when the LAF project library is updated.

- [[a] Scripts

ﬁ":' Add new global module

(i3 Alarmline

[ colors

[5 BackAndForward

k
¥
4
-

¥
k

Figure 8-17: Manual Operation Lines scripts
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The screens for the Manual Operation Lines need to be created. In this case, they have already been created in the
“03_Manual” inside the “01_CentralFunctions” folder. In the following step, the focus will be on setting up the

“LAF_ManualOperation1_1280x800".

This screen contains the tabs for the different areas (which access to the corresponding text list by using a script to get

the area number) and a main screen window that will open the “LAF_Actvinst1_1280x800" screen.

BT BTN BT TS TS 5N

LAF Actwinst1_12Z80xB00

Figure 8-18: "LAF_ManualOperation1_1280x800" screen

line 1 of the DB in the PLC):

“LAF_Actvinst1_1280x800" : This screen contains the faceplates for the Manual Operation Lines, in the position
they should appear. Each one of the faceplates should be configured to connect through the interface to the HMI tags
that will display the needed information in the manual line. In the next image an example is shown of the interface
configuration for line0 (which would be the first one to appear in the screen and its connected in the HMI tag table to the

acepl AF,_ | 9 Properti
| Properties [ Events i Texts l Expressions
EoE v ®
Name Static vaiue ?
x ) v v ia
Appearance - style item HmiFaceplateContainer (il
» Connection status None
Faceplate type LAF_manualOperationMain_1280x800_PLC V 0.0.25
» Focus - show visual ™~ .
» Horizontal scroll bar - position 0 4
» Horlzontal scroll bar - visibility Collapsed <
» Icon =
v Interface
intf hmiinst1_lines[0Lintf
cmd hmiinst1_lnes[0].cmd
cuiScrPos hmiinst1_ctriScreenPos
selLineNum hmiinst1_sellineNum
internal hmiinst1_intLineO
» Label
Layer Layer_2 ’l
Name line0 |
» Operator control - aliow (~

Figure 8-19: Interface configuration for faceplate of the Manual Operation Line O
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In the last step the Json files are used to render the Manual Operation Lines. Without the files, the faceplates would
appear completely blank in the screen. The mandatory information is the line name, the unit, the number of end
switches, the button colors, the end switches colors, the control screen name and the end switch names.

The json files for each Manual Operation Line must be stored in the folder specified in the HMI tag
“manualOperationFilePath”, in the case of the Framework Demo is “C:\\UsonFiles\\". There, the json files must be named as
"<X> <Y> <Z>.json” with X as the EM number, Y as the line number and Z as the Language Code. The structure of the
json file must follow the example in the next image (the number of End Sensors can vary up to maximum of eight Right
End Sensors and eight Left End Sensors):

{} 1050 1 1033json X

8","1EndCAc™: 78", "rEndCAC”™ : "8", "1EndCDeac™: "16", "rEndCDeac” ;

Figure 8-20: Example of Json File structure for Line 1 of the EM5 in the Unit 1 (1050_1_1033.json)

NOTE The TIA Portal project contains a *.json-file helper (Excel-Sheet called

ManualOperationLine_EXCEL_to JSON_Helper) to generate the json-files automatically in the path. For
more details see folder <<TIAPortalProjectPath>>\UserFiles\jsonfiles
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8.4.3. How to use Json files Add-In

As mentioned earlier in Chapter 8.4.1, there is an add-in called "JsonAddin.addin" available at the path <locally saved TIA
Project folder>\UserFiles\jsonfiles, which allows the necessary Json files to be directly copied to a real Unified panel so that
the manual operation lines in the Automation Framework Basic can function correctly.

\utomation_Framework_Projedg UserFiles\jsonfile

MName Date madified Type Size
4 3010_1_1033 12/06/2025 16:54 J50MN Source File 2 KB
. | 302011033 12/06/2025 16:34 J50M Source File 2EB

»

30202 1033 12/06/2025 16:54 150M Source Fite 2 KB
’ | 3020_3_1053 12/06/2025 16:54 JSON Source File 2KB
! | 302041033 12/06/2025 16:54 JSOMN Source File 2 KB
g 3020_5_1033 12/06/2025 16:54 J50MN Source File 2 KB
o | 302061033 12/06/2025 16:54 JSON Source File 2 KB
| 3030_1_1033 2/06/2025 16:54 J50MN Seurce File 2 KB
|:| JsonAddin.addin 26/06/2025 15:53 ADDIM File 273 KB
@ ManualOperationLine EXCEL_to_JSOMN_Helper V2.2.0 27/06,/2025 12:05 Microsoft Excel M... AG72 KB

Figure 8-22: Location of Json files Addin

NOTE . - . . .
In case support is needed on how to use an Add-in in TIA Portal, here is the Siemens support link for

Add-ins: SIOS-ID:109773999

First, the Addin must be activated in the section of TIA Portal for Addins as it can be seen in the next figure:

=

v | Add-Ins §
MName Status

¥ | | Corporate Add-ins LU

> [ ] Adddns 5

» [ 7] Code2Docu o

£] JsonAddin.addin X [-18

Activate
ctivate

Figure 8-23: Json Addin activation requirement

Once Addin is activated, a full compilation of the software in the Unified Comfort Panel is needed to start with the process
(the Json files will be copied after the compilation but if the user re-compiles again without launching the Addin the Json
files will not be copied anymore).
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After the compilation, select the Addin with right click on the Unified Comfort Panel: Json Addin>Manual operation>Copy
Json files.

~ || DPFRWAT.1.0.0000P1-KE20 [MTP1200 Ur

Change device / version
ﬂ'f Device configuration

Open
%{ Online & diagnostics f ;
e Open in new editor
T Runtime settings
[F screens

| screen management

Ctrl+C

- v

» [3 HM tags H
DZ.i Connections Del
4 HMi alarms Rename F2

-

= 5 5 -
| | Parameter set types ; Go to topology view

§L0a5d e # Go to network view
5| Scheduled tasks

Tl Script G5j Generate the visualization (SivArc) »
U[&] Scripts

-

Compile ]
ﬁ Collabaration data P A
e Download to device 4
. oRles . & Goonline Crl+k
a1 Text and graphic lists & o offine et

» [Ci DPFRWAZ.1.0.0000P1-KE20 [MTP1200 Ur % Online E-diagnomcs Ctrl+D
» [{ DPFRWA2.1.0.000CCT-KEOT [CPUT214CD| 1y Device maintenance N
» [Ez] Drives A
» [E2] Hubs
» [tz] loDevices
» h Ungrouped devices
» 5@ Security settings
3 E Cross-device functions Change object colar
3 m Commaon data Stop runtimelsimulation
3 Em Documentation settings G4 Search in project Ctrl+F
» [g) Languages & resources -
3 E,h" Version control interface g-Crsnekiences e
» E'Té SiVAre &) Print... Crl+P
» [ Online access £ Print preview...
» I"'_w Card ReaderlUSE memory Export CAx data ..

| Export module labeling strips...

Json Addin » Manual operation » Copy json files
[ Properties... Alt+Enter

Figure 8-24: Addin execution steps

After launching the Addin, a message will appear reminding that a compilation of the project is required before executing
the Addin. As the first step has been doing a full compilation, it can be clicked on “OK". If everything has gone correct,
another message should appear announcing “Copy of Json files completed”.

Last step would be downloading to device where the manual operation files should already be visible. It can also be check
if the Json files have been copied correctly inside the panel by going to the path “/homelindustrial/JsonFiles/".

The copying of the JsonFiles is done in the Loaded event of “ScreenLayout” with the script “LAF_Copy".
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8.5. Messages

The “Messages” has two sub menus. The first one handle current alarm/messages viewer and the second opens the
historical alarm viewer. This last one shows the alarms saved in the “Alarm History” log.

8.5.1. Alarms

The current alarms and warnings can be shown via the Button “Messages” of the Main-Navigation. To view the Alarm
History, use the appropriate Button in the Sub-Navigation. Messages are displayed with the WinCC Unified “Alarm

|u

Control”.

With the button "Alarm History" you can display the archived messages. The system diagnostics messages are also
displayed.

SIEMENS Messages

Spe(lal Operator
Smnh

ner - Wron
1-DU .010PP1-DU1.P2

536870951| 3131

3/31/2025 12:39:33 PM U1 | Error in subordinated Modules

3/31/2025 12:39:33 U1.EM2_ExampleSCL | Error, the unit does not react

Figure 8-11: Alarms in Menu “Messages”
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8.6. Diagnostics

Various predefined, ready-to-use diagnostic screens are being implemented in the AFgasic. The following chapter
introduces the different diagnostic implementations.

8.6.1. System diagnostics

The AFegasic provides an integrated system diagnostic solution in the HMI, this allows the commissioning engineer,
operator, maintenance and service personal to get a fast diagnosis of several PLCs and the connected PROFINET 10-
Systems.

To show the "System diagnostic” screen navigate to “Diagnostics” (1) and “System diagnostics” (2) in the HMI. The WinCC
Unified object "System diagnostics control” is used to show the diagnostic status of several PLCs using traffic light SVGs.
The diagnostic status contains the overall status of the relevant PLCs. The merged state is always the worst state of all
PLCs. The “Diagnostics view” shows the diagnostic buffer of the selected PLC with the diagnostic event including event
text and timestamp. Use the buttons (3) to update and select different diagnostic events as well as to show detailed
information of the diagnostic event.

SIEMENS Automation Framework Diagnostics_System

Special
O > v o BENEENEES oo oo I

571500/ET200MP station_2 > Diagnostics buffer - view

Nr. Date & Time Event text
1 ¥ 6/14/1248:43:14  Safety program: Error in between F-CPUSF groups
[Z:E [ 61141248:43:14] Safety program: Error in between F-CPUSIF-runtime groups
3 % 6/14/248:43:13  Safety program: Error in communication between F-CPUsIF-runtime groups
4 [ % 614248:43:13  Safety program: Error in between F-CPUSIF groups
s % 6/14/248:43:12  Safety program: Error in communication between F-CPUSIF-runtime groups
6 [ % 614248:43:12  Safety program: Error in between F-CPUSIF groups
7 % 6/141248:43:11  Safety program: Error in communication between F-CPUsIF-runtime groups
8 v} KC¥  6/141248:43:11  Safety program: Error in between F-CPUSIF groups
9 ¥ 6/14/248:43:10  Safety program: Error in communication between F-CPUSIF-runtime groups
10 ] =% 6/14/248:43:10  Safety program: Error in communication between F-CPUSIF-runtime groups

"
Details

Error: Safety program: Error in communication between F-CPUSIF-runtime groups

F-monitoring time exceeded

F-runtime group 1

HW ID of the transfer area:

DP.FRWA1.1.0.000CC1-KE40 / PROFIsafe_PLC1_to_PLC2

Check the bus connection and ensure that there are no external sources of interference.

Check the configured monitoring time (TIMEOUT) and the F-communication ID (OP_DP_IDIUUID) at the send and receive ends

O rcannate

Figure 8-12: System diagnostics (Diagnostic view)

NOTE In terms of usability, it is recommended to navigate between several PLCs via the “Matrix view” of the
“PROFINET diagnostics” (for details see PROFINET diagnostics).

For detailed documentation regarding the WinCC control object “System diagnostics control “,
refer to the online documentation in TIA Portal or have a look in the WinCC Unified manual:

https://support.industry.siemens.com/cs/ww/en/view/109828368
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8.6.2. PROFINET diagnostics

In addition, the AFeasic provides a detailed status diagnostic information of the PLC and their lower-level hardware
components of the PROFINET 10-System in the HMI. To show the “PROFINET diagnostics” screen navigate to “Diagnostics”
(1) and "PROFINET diagnostics” (2) in the HMI.

The functionality is implemented with the “Distributed 10 view” of the WinCC Unified object “System diagnostics control”.
Each hardware component is displayed as a tile. Detailed information about the diagnostic status is retrieved by clicking
on the relevant tile (3). Navigating through the individual hardware components is based on the network topology and is
also possible by clicking on the tiles.

If only one PLC with a PROFINET IO-System is configured, the “PROFINET diagnostics” screen will show the “Distributed 10
view” by default. Otherwise, the WinCC Unified object “System diagnostics control” changes to “Matrix view” during
runtime. The “Matrix view” is also retrievable via the “Start page” button (4) which allows switching between several PLCs
and PROFINET IO-Systems very user-friendly.

SIEMENS Automation Framework Diagnostics_Profinet g [ ;-'w_,i_r.|'!§| 2024/06/14 11:07:13 =

DP.FRWA1.1.0.000CC1-KE40.X1 ! DP.FRWA1.1.0.000CC1-KESO DPFRWAT.1.0.000CC1-KE6O
260 276 282
[©] IM 155-6 PNI2 HF @ IM 155-6 PNI2 HF [©] @
DPFRWA1.1.1,0200V1-DU1 DP.FRWA1.1.1.0200V1-DU2 DPFRWA1.1,0.000CC1-KFO1 @ DPFRWA1.1.1,010CV1-DU1 C&n 0
o 291 301 321 335 X
B
[©] SCALANCE X208

DPFRWA1.1.1.010CV1-DU3

351

»

7]

t|

-d
T8

PROFINET =
"\‘

&

Figure 8-13: PROFINET diagnostics (Distributed 10 view)
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8.6.3. Interface Signals

8.6.3.1. Overview

Industrial automation systems frequently require monitoring numerous discrete (Boolean) process signals for diagnostics,
status indication, and operational feedback. These signals originate from devices such as light barriers, limit switches,
pressure sensors, and any other process signals. Within the AFBasic environment, a specific mechanism exists to facilitate
the monitoring of such signals on an HMI. This mechanism involves selecting relevant signals during the engineering
phase, configuring them within the PLC, and visualizing their status on the HMI during runtime.

The LAF_ReadBoolSignals and LAF_ReadWordSignals FC blocks serve as the core component enabling this functionality.
These blocks are called within CallinterfaceSignals FB as shown on Figure 8-16: Call LAF InterfaceSignals under
Engineering section. The blocks read signals connected as inputs (signalLeftO0 through signalLeft15 and signalRight00
through signalRight15 for the LAF_readBoolSignals) and (signalsLeft and SignalsRight as WORDs for the
LAF_ReadWordSignals). Each interface block represents 32 Boolean signals which can be monitored on a single screen.

To efficiently manage multiple signals and optimize HMI visualization, each logical "interface" representing 32 Boolean
signals is implemented using two consecutive WORD elements in the input interface for the LAF_ReadWordSignals and 32
input Booleans for the LAF_ReadBoolSignals, see Architecture. The LAF_Interface blocks process these inputs and
produces two separate WORDs, designated as "signalsLeft" and "signalsRight" HMI interfaces so the HMI can display the 32
signals on two separate windows "left" and "right" per page.

The corresponding WinCC screen is prepared for 16 datasets that can be navigated from "Page 1" to "Page 16", the
number of pages can be configured as per the user requirements, see Engineering on how to configure the amount of
pages to display. Each dataset contains 32 Boolean signals represented on a page split into two sides, see the figure
bellow, "Left Page side"(1) and "Right Page side" (2), 16 Boolean signals are displayed on either side.

The displayed variables page is responsive to the selected page in the third navigation (3), allows the user to have a better
overview of all configured 16 pages

The Status of each signal Bool is written cyclically on the PLC and displayed on the pages with an indicator light (4).
e Green indicator light for an active/ON signal.
e Lite grey for inactive /OFF signal.

The Symbolic names are pre-configured through Text lists on WinCC (see Engineering on how to configure the text lists)
and are displayed on the pages with texts (5).

-

Unit 1- EM 5 Feedback

Unit 1 - EM 4 Feedback

"Unit1Ems".emFeedback[4].isLinked "Unit1Ems".emFeedback[5].isLinked
"Unit1Ems".emFeedback[4].commands.stateComplete "Unit1Ems".emFeedback[5].commands.stateComplete
"Unit1Ems".emFeedback[4].commands.reset "Unit1Ems".emFeedback[5].commands.reset
"Unit1Ems".emFeedback[4].commands.stop "Unit1Ems".emFeedback[5].commands.stop
"Unit1Ems".emFeedback[4].commands.hold "Unit1Ems".emFeedback[5].commands.hold
"Unit1Ems".emFeedback[4].commands.suspend "Unit1Ems".emFeedback[5].commands.suspend
"Unit1Ems".emFeedback[4].commands.abort "Unit1Ems".emFeedback[5].commands.abort |

Interface [0] Left Signals Bool
Q{e [0] Left Signals Bool
Interface [0] Left Signals Bool
Interface [0] Left Signals Bool
Interface [0] Left Signals Bool
Interface [0] Left Signals Bool
Interface [0] Left Signals Bool

Interface [0] Left Signals Bool
Interface [0] Left Signals Bool

Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool
Interface [0] Right Signals Bool

&

& )
) n1

Figure 8-14: Diagnostic screen for the interface signals
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8.6.3.2. Architecture

The monitoring system architecture is designed to convert individual Boolean signals into a compact WORD-based format
for processing by the LAF_ReadWordSignals and LAF_ReadBoolSignals blocks. These WORD values are later unpacked back
into Boolean signals for representation on the HMI.

The structure defined in the global DB InterfaceSignalHmi (see the figure bellow), located in the Diagnostics folder under
the InterfaceSignals subfolder(1), serves as interface to the HMI and contains a primary member: "diagStatus” (2).

InterfaceSignalsHmi
[£z] 01_CentralFunctions 9 Z\_ Name Data type
& Main [0B1] ] L ax
4 Startup [OB100] [*] 2 4= v diagStatus l'LAF_typeInterfaceSignal:HmiI
» [iz) 00_General 9 3 @ = screenActive Bool
» [&z] 01_Overview @ |: a = selectedPage Usint
» [%z] 02_Parameter o 5 <@ = pageValid Bool
» [t:] 04_Messages @ |ls @ - numberOfPages Dint
v [%:] 05_Diagnostics @ |7 a = signalsLeft Word
& CallDiagnostic [FC16] @ s a@a = signalsRight Word
» [tz Drives @
¥ (%] InterfaceSignals Q
CallinterfaceSignals [FB_. ‘_
@ InterfaceSignalsHmi 0. @[~

» _r:J Instance DBs H

Figure 8-15: Interface Booleans Structure

“diagStatus” is of type LAF_typelnterfaceSignalsHmi, containing six members: screenActive, selectedPage, pageValid,
numberOfPages, signalsLeft, and signalsRight. Each serves a specific function in the operation and visualization of the
interface signals:

e screenActive (BOOL): Enables the LAF_ReadBoolSignals and LAF_ReadWordSignals blocks to start processing the
configured signals only when the “Interface Boolean” window on the HMI is active.

o selectedPage (USINT): Specifies which configured "page” is selected by the operator, allowing the system to process
and display the correct set of signals for the page.

e pageValid (BOOL): Tracks if the selected page on the HMI is also configured on the PLC. True = Valid, False = Invalid

e numberOfPages (DINT): Stores the count of configured pages. The user configure the value of this tag as per
Figure 8-17: Configuration of amounting pages(2) under Engineering subsection. It is then sent to the HMI to indicate
how many interface pages are available for visualization.

e signalsLeft and signalsRight (WORD): Each WORD represents a set of 16 Booleans that can be displayed on either the
left or right side of the active page on the HMI respectively.
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8.6.3.3. Engineering

To configure the monitoring of interface signals on HMI, the following procedures need to be followed.

e Call FC"LAF_ReadBoolSignals" or FC "LAF_ReadWordSignals", depending on the signals format of the user. The AFB
“CallinterfaceSignals” FB already contains 16 Networks, each with either FC "LAF_ReadBoolSignals" or FC
"LAF_ReadWordSignals", the user then have to call their prefered ‘Read Signals’ block by enabling the block by
removing the coil “TO_DO_REMOVE_TO_CALL THIS_BLOCK" on the “EN” of the block interface, see the figure bellow
).

e Connect the interface Signals selected tobe displaced on the HMI, signals to be displayed on the left screen of the
page are connected on the “signalLeft#” block interface (4) and signals to be displayed on the right screen of the page
are connected on the “signalRight#” block interface (5) . If the signals are Booleans, then FC "LAF_ReadBoolSignals" is
called (2) and if the signals are WORD formatted, then FC “LAF_ReadWordSignals” is called (3).

Network 7: Interface Signals shown on HM page 5 Network 3: Interface Signals shown on HMI page 1 - (Example for bits)
ToDo: %
1. Call FC "LAF_ReadBoolSignals" or FC "LAF_ReadWordSignals" LODOL o
2. At input "page”, define the HMI page of "Diagnostics - Interface boolean
that this call referes to. %FC10
3. Connect any tags that you want to visualize “LAF ReadBoolSi Is
~_ReadBoolSignals’
EN ENO
WCio 1
LAF_ReadBoolSignals™ #PAGE1 — page
b "Unit1Ems".em
Feedback[4]is
Linked )
— ILefto0
signalLefto0 plis
signaileftol "Unit1Ems”.em
signalLeft02 Feedback[4].
signalLefto3 commands.state
signalLeftos Complete _| .
signalLeftos =k etol
signalLef06 “Unit1Ems”.em
signalLeft07 Feedback(4].
signalLeftos commands.reset _jonall eftn2
signalLefto9 o
signalLeft1o Network 5: Interface Signals shown on HMI page 3 - (Example for words),
signalLeft11 E
signalLeft12 FoPoless
signalLeft13
signalLeft14 %FC90
—lsignaiLeftis “LAF_ReadWordSignals"
signalRight01 —&N ENO
signalRight02
signalRight03
signalRight04 page
signalRight0s signalsLeft
ignalRi o 16%3 —[signalsRight
signalRight07
5 > “InterfaceSignals
ignalightos Hmi".diagStatus — =hmilnterface
it i 10
signalRight11
signalRight12
signalRight13 5
signalRight14 Network 6: Interface Signals shown on HMI page 4 - (Example for words),
€ —{signalRight15 Network 7: Interface Signals shown on HMI page 5
“InterfaceSignals
st L Network 8: Interface Signals shown on HMI page 6

Figure 8-16: Call LAF_InterfaceSignals
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e On the user constants of the “Diagnostics” under PLC tags, see the figure bellow (1). configure the amount of
configured datasets / pages by entering the correct configured amount (2). This amount determines the number of
pages can be navigated on the HMI Interface boolean window.

Diagnostics
v [& PLCtags Q E I Name Data type Value Comment
Q Showall tags [ B NO_OF_MOTORSTARTERS uUSint 1 Number of ET200SP Motorstarter
“"‘ Add new tag table | @ NO_OF_MV_IDENT_DEVICES USint 1 Number of MV readers
: I

Default tag table [95]
iagnostics [5] I

% Global [9]
%5 LibraryObjects [10] 6

Figure 8-17: Configuration of amounting pages

= NO OF RF IDENT D ES ysiog 1 Number of RF readers
| NO_OF_INTERFACE_SIGNALS_PAGES| Dint [&]) 16 lNumber of page for Interface Signals
[=] NO_OF_DRIVE_OBJECTS UDInt g 1 Number of drive objects for drive diagnos...

moE W N -

e To configure the symbolic names of the interface signals to be displayed with the status as mentioned on Overview,
the user needs to navigate to “LAF_Interface#” Text list for the page they want to display the configured Boolean
signals, under “Text and graphic lidts”, (see the figure bellow (1)), on the WinCC, for each page (Represented by
“LAF_Interface#” (2), there are 34 text list entries, with entry 1 to 16 reserved for Left signal Bools (3), entry 17 to 32
reserved for Right signals (4) , and entry 33 and 34 reserved for for Left and Right dataset descriptions respectively (5).
The configuration example on the bellow figure, produces the results displyed on Figure 8-14: Diagnostic screen for
the interface signals under the subsection Overview.

» [i2] 14_Settings

*Unit1Ems".emFeedback{4].commands.suspend
"Unit1Ems".emFeedback{4].commands.abort 6
Interface [0] Left Signals Boel 08

Interface [0] Left Signals Bool 09

17 “Unit1Ems".emFeedback[S].isLinked
*Unit1Ems".emFeedback[5].commands.stateComplete|

» [%z] 02_MachineOverview

» [iz] 99_ObjectsOfProjectlibrarylsed
» [&] U1_Unit1

) Screen management

Text lists
b E 01_CentralFunctions _E‘ ! | [Name o | selection
» Ei 01_Overview I\ g”LAF_Inter!acﬂ ] Value/Range |
» r':_?, 02_Parameter |~ &} LAF Interiace2 Valuemange
b ] 04_Messages N Vinliuain
+ [%:] 05_Diagnostics ‘ | < H ,—-;I!l re s é
[ InterfaceBooleans Text list entries
] PROFINET ... Default Value a Text
] system | 1 *Unit1Ems".emFeedback{4].isLinked
» [@ Drives i 2 *Unit1Ems".emFeedback[4].commands.stateComplete)
4 Ea Popups 3 *Unit1Ems".emFeedback[4].commands.reset
» [:__i 06_StateModel 4 *Unit1Ems".emFeedback[4].commands.stop
» [fz] 10_Web 5 *Unit1Ems".emFeedback{4].commands.hold
» [%2] 11-13_Bookmarks 6
7
8
9

< HM tags 19 “Unit1Ems" emFeedback{5].commands reset

7. Cennections 20 “Unit1Ems".emFeedback[5].commands.stop

;’l HM alarms 21 "Unit1Ems".emFeedback[5].commands.hold

_] Parameter set types | 4] 22 *Unit1Ems*.emFeedback[5].commands.suspend
W Logs 23 *Unit1Ems".emFeedback[5].commands.abort

E Scheduled tasks 24 Interface [0] Right Signals Beol 08 6
[&] Scripts 25 Interface [0] Right Signals Bool 09

2 cycles 32 Interface [0] Right Signals Bocel 16

44 Text and graphic lists | T eedbac

S s s W Pl Pl W 5 W) W ] ) B i s s B
lolelelolololololololojollolololololelolol0)]

w
£

Unit 1 -EM5 Feedback

DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DC/DC/DC] ﬁ

8

Figure 8-18: Interface Boolean text configuration
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The Enhanced Interfaces are set up in the project to deliver to the final user another option of having in a dynamic
environment the parameter control to be more flexible. Here is how they are implemented in the project.

e The UDTs are created for the different things that you want to display (PLC data types). Remember to make them

HMI accessible, writable and visible.

Project tree m 4

Devices ﬂP!antobjects l

R E]’.g By Checkin B¢ B,

~ ] Automation_Framewaork_Dev_TIA_V20
¥ ~Add new device
s Devices & networks
L ~f. DP.FRWA1.1.0.000CC1-KEO1 [CPU 1517TF-3 PN/DP]
Y Device configuration
% Online & diagnostics
9, Safety Administration

& Add new software unit

» (s8] CentralFunctions

T B Relations

[}

No e W -

¢ » Il Program blocks

i » l@i External source files
2 [ PLC tags

-

B¢ Add new data type

2 LB E

typeAnalogSensor

tabdbbe

Name

RawValue
ScaledValue
MinLimit
MaxLimit
Unit

Isvalid
HasFault

Data type
Int

Real
Real

Real
String
Bool
Bool

Default value

Accessible f... Writa...

[BISISIGISIGIS]

©

<) <]

HEEE

Visible in ... | Setpoint

Supervision

BISIGISIGIGIS]

[<]

» (%] 02_Parameter
~ [t] 05_Diagnostics

M L — |
i

1) typeConveyor

) typeMotor

i typevalve

H L PLCsupervisions & alarms
I B PCalarm textlists

» Global [Global]

» Motion

» [53) ObjectsofProjectlibraryUsed
» [55] safety [Safety] &l

i o OB s s

Ay

Figure 8-19: Enchanced Udts

e Types are created in the library out of the PLC data type:

General

P General
Attributes

|| Texts

u Supervisions

| @, Properties

"‘b Info Ii Diagnostics |

Options

& & s

v ] Project library

B = (A

Name

-l *

BED

» [Ez] LSNTP
» [ LuC
w [&] Project PLC UDT
» [&:] 02_Parameters
v [£:) 05_Diagnostics
v [%] Enhanced interface
[i] typeAnalogSensor
typeConveyor
» |1} typeMotor
» [ii]] ypevalve
» [ Master copies

Figure 8-20: Library Udts for the Enhanced
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Status | ...
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Name [RawValue

Data type |Int

Defaultvalue |0

Startvalue |

Comment |
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¢ The corresponding DBs are created. Remember to make them HMI accessible, writable, visible.

F 4 ftware units » CentralFunctions » Program blocks » 05_Diagnostics » Enhancedinterface » EnhancedinterfaceHmi - WX

[ Devices | Mantobjects | 10}
20 [R5 By checken By B

(® Ssfety Administration
~ g Softwere units

'Mdmsohn unit
Rel

& Interruptls
&/ Mein
& ProDisgOB
& Stertup
& ProDiag
» %] 00_General
» 2] 01_Overview
» T3 02_Parameter
» ) 03_MenuslOperationLines |
4 h 04_Mescages typeConveyor

YVVYVY

@ Teztvarident
» %) Drives
v (&3] Enhancedinterface

»
» [ Idemmid

¥ [t Interfacesignals
» (&l Motorstarter
» (&) ProfinetDevices
» [f] 06_StateModel

Figure 8-21: DBs for Enhanced

e  The corresponding tags in the HMI are created:

m— Dataty  Connectic | Moy  Address |
BY Device configuration | Fla» Level +a_unifed.. []
4/ Online & diagnostics | @ » Conveyor_Packaging typeConveyor HM_Unied_C. DP.FRWAL1.0.000CCTKEOT EnhancedinterfaceHmit. .
¥ Runtime settings | @ curParametersetd Int ntermal tags <Undefined>
» [ screens | @ curParameterSettypeld Int <nternsl tag> Andefineds bt
» [ Screen management | @ EnhancedinterfaceHmi_numb... Dint HM_Unified C.. DPFRWAI.1.0.000CC1KEQ EnhancedinteraceHmin .
v g rmag: (P @ indScreenacy Bool dnternal tag> Undefined>
% Show ell tags [ Pa  jobiot Int nternsl tag> Undefined>
I Add new tag table @ jobioz Int <ntemnal tag> <Undefined>
% Dehult tag table [13] [ |P@  jobiD3 int nternal tag> <Undefined>
00_Screents; @ jobiDs Int <nternal tag> <Undefined>
| @ » wMotor_Pump typeMotar HM_Unfied_C.. DPFR¥A1.1.0 000CCIKEOT Enhencedinterfacebmit.
)¢ [ @ parameteriDl Int <ntems! tag> Andefined>
3 02_Parameter[2] L am. Ine. =

35 03_Mancaloperstion [3¢] QL —
03_ManualOperationfaceplate [9] ap

4 05_Diag_\dentkf[7]
T 05_Disg_interfaceSignals [2]
35 05_Diag_Motorstarter (2]

14 05_Dieg_ProfinetDeviceDisgnostics [1]
3y 07_ProductionData [18]

G 08_ShiftModel [16]

3y 09_EEMoNitor [13]

Figure 8-22: Tags for the HMI Enchanced
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e Tags [int] are created and called "JobID+n" and "ParameterID+n" for each of the displayed UDTs.

..Jev_TIA_V20 » DP.FRWA1.1.0.0000P1-KE20 [MTP1200 Unified Comfort] » HMI tags » CentralF

ctions » 05_Diag_Enhancedinterface [18]

05_Diag_Enhancedinterface

| Name a Data type Connection PLC name PLC tag Address

[~ <@ » AnalogSensor_Level typeAnalogSensor HMI_Unified_C... DP.FRWA1.1.0.000CC1-KEO1 EnhancedinterfaceHmi.t...

[~ @ » Conveyor_Packaging typeConveyor HMI_Unified_C... DP.FRWA1.1.0.000CC1-KEO1 EnhancedinterfaceHmi.t...

~a currParameterSetiD Int <nternal tag>

[*4@ currParameterSetTypelD Int <nternal tag>

- <a EnhancedinterfaceHmi_numb... Dint HMI_Unified_C... DP.FRWA1.1.0.000CC1-KEO1 EnhancedinterfaceHmi.n...

[*4@ intfScreenActy Bool <nternal tag> <Undefined

- afeeor ] Int <nternal tag>

[~<4@] jobiD2 Int <nternal tag>

[~<@] jobiD3 Int <nternal tag>

[~ 4@ | jobiD4 Int <nternal tag> >

[~ 4@ » Motor_Pump typeMotor HMI_Unified_C... DP.FRWA1.1.0.000CC1-KEO1 EnhancedinterfaceHmi.t...

[~ <@| parameteriD1 Int <nternal tag> <Undefin

- <a parameteriD2 Int <internal tag>

Fa parameteriD3 Int <internal tag>

Fa parameteriD4 Int <nternal tag>

I a TelectedEnhance Int <nternal tag>

[>4@ selectedintf Int <internal tag> <Uni d

[~ 4@ » Vvalve_Steaminlet typeValve HMI_Unified_C.. DP.FRWA1.1.0.000CC1-KEO1 EnhancedinterfaceHmi.t...
[<Add new> I

<] [0

Figure 8-23: Names for the Enhanced jobs

e Parameter set type is created:
- Select the UDT
- Select the tag
- Select the control tags
- JobID+n

- ParameterlD+n

Project tree (1]

Devices
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Figure 8-24: Parameter set for the Enchanced
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Figure 8-26: Text lists for the Enhanced
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Figure 8-27: Schedule Tasks for the Enchanced
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8.6.5. Drive Diagnostics

The provided blocks and screens allow the commissioning engineer, operator, maintenance, and service personal a fast
diagnosis of technology objects (Axis) and SINAMICS drives in the HMI. The drive diagnostics includes status and control
information of TOs and SINAMICS drives, as well as messages for faults and warnings of the SINAMICS. Furthermore,
diagnostic information about the positioning status of the basic positioner (EPOS) functionality for SINAMICS drives are
available.

SIEMENS Drives ; " i | g [l 2025006126 13:36:55

Y > Start i > IS : > n
#
3 DRFRWA AXIS w
2.1.0.010PP3-DUT Statu
Re lesignate Type  TO_PositioningAxis
Maotion status Operative sensor m
Actual positio Target position 1 . cf}l .E
0.00 mm 0.00 mm 0.00 mm
Actual velocity ollowing erro Status word Ea
0.00 mmis 0.00 mmis 0.00 mm o
@ Done (no job running) Jog command SW limit min. active 162 0200 10€1
0 Standstill Velocity command SW limit max. active
In limitation Homing command HW limit min. active Status word 2
In clamping Positioning command HW limit max. active 16% 0000 0000 o
Status Warning Error Wamning word
@ Enable Configuration System 16# 0000 0000
Error Command not accepted Configuration @
@ Homing done Dynamic User program Error word Py
Mon position controlled Dirive 164 0000 D000
Control panel active Sensar ﬁ
 Axis simulation Adaption Errar detail

0000 o

Figure 8-28: HMI navigation and drive diagnostics screen layout

To show the drive diagnostics screens navigate to “Diagnostics” (1) and “Drives” (2). Then select the relevant drive via the
third navigation (3). With the navigation bar (4) the essential information for each drive diagnostics are displayed in the
main screen. Detailed status information is retrievable via pop-ups (5).

8.6.5.1. Overview

The drive diagnostics consists of three main parts. Data blocks are used to store configuration data and as interface to the
HMI. Function blocks read out the diagnostic data and edit it to a visualization format. Screens show the diagnostic data
in the HMI in a clear and structured layout. Each HMI screen is linked to a function block in the PLC. The following table
provides an overview of all blocks and screens:

Block Functionality Screen

DB “DriveDiagConfig” Configuration data array of all drive objects for -
drive diagnostics.

DB “DriveDiagHmi” HMI interface for drive diagnostics. -

FC “LAF_SetDriveObjectConfig” This block sets the configuration data of a drive -
(optional) object in the configuration data array

depending on the parameterized index and

input values during PLC startup.
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Block Functionality Screen

FB “LAF_GetAxisStatus” This block reads diagnostic information of an “AxisStatus”
axis depending on the configured technology
object and the selected drive object index in the
HMI by the operator.

Y

FB “LAF_GetSinaStatus” This block reads PROFIdrive telegram status
word 1 (ZSW1) and control word 1 (STW1) as
well as setpoint and actual speed values from a
SINAMICS drive via acyclic communication
depending on the configured type of SINAMICS
and the selected drive object index in the HMI
by the operator.

EEEEEEY

FB “"LAF_GetSinaAlarms” This block reads faults and alarms of a
SINAMICS drive via acyclic communication
depending on the configured type of SINAMICS
and the selected drive object index in the HMI
by the operator.

Y

FB “LAF_GetSinaEpos” This block reads EPOS positioning status
information as well as setpoint and actual
values from a SINAMICS drive via acyclic
communication depending on the configured
type of SINAMICS and the selected drive object
index in the HMI by the operator.

Table 8-23: Drive diagnostics blocks and screens
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8.6.5.2. Architecture
The architecture is explained using the “SinamicsEpos” screen and “LAF_GetSinaEpos” function block as an example.

The operator selects the relevant drive via the third navigation in the HMI. By doing this, the “DriveObjectindex” is set. The
“DriveObjectindex” and the active “SinamicsEpos” screen information (1) is transferred to the PLC via the data block
“DriveDiagHmi” (2). The function block “LAF_GetSinaEpos” (3) is enabled by the active “SinamicsEpos” screen. This
function block reads the configuration from the data block “DriveDiagConfig” (4) depending on the “DriveObjectindex”. A
part of the configuration data is transferred directly to the HMI. The other part is used to establish an acyclic
communication to read parameters from a SINAMICS drive. The received parameters are formatted and then transferred
to the HMI (5) too.

The function “LAF_SetDriveObjectConfig” (A) sets the configuration for one drive diagnostic object in the data block
“DriveDiagConfig” during PLC startup.
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Figure 8-29: Big picture of the drive diagnostics architecture
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To make it as user friendly as possible for the application engineer, all drive diagnostics objects are configurated in one
place. This configuration is stored in the “DriveDiagConfig” (1). Each drive diagnostics object has its own array element

(2).

Project tree |
J Devices \[ Plant objects |
B I‘L = 1 Checkein 5 B o c B, B = 7 Keepactualvalues [gg Snapshot | " ' copycnapshotstostartvalues [ . Loadstan
DriveDiagConfig (snapshot created: 3/20/2025 4:11:14 PM)
o ‘,[. DP.FRWA2.1.0.000CC1-KEQT [CPU 1214C DO/DU/DC] ko Name Data type Start value
Y pevice configuration | @ v swc
%/ Online & diagnostics 2 s v driveObjects Array{0."NO_OF_DRIVE_OBJECTS"] of "LAF_typeDriveDiagConfig” I
~ | Program blocks 3 b ¥ driveObjects[0] “LAF_typeDriveDiagConfig”
B Add new block s a - referenceDesignator Wstring[128] ETRINGS
v [%] 01_CentralFunctions 5 @ s 2x5DB DB_ANY
& Main [0B1] 6 @ s sinaType uint
& Startup [OB100] 7 @ - sinaHwiD HW_10
[z) 00_General 8 @ - sinaDriveObjecto  USint
[z] 01_Overview 9 41 = » driveObjects{1] *LAF_typeDriveDiagConfig”

[t2) 02_Parameter
[za} 03_ManualOperationLines
'] 04_Messages

v &3] 05_Diagnostics
! 4 CallDiagnostic [FC16)
~ [%:] Drives

v v www

@ s
' @ DriveDiagHmi [0B4&]
» ') Instance DBs
» 5] Interfacesignals

Figure 8-30: Structure of the configuration data block “DriveDiagConfig”

NOTE

To reduce system load, it is recommended to set the configuration of each drive diagnostics object
with the “LAF_SetDriveObjectConfig” function during PLC startup.
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Each drive diagnostics object consists of the following tags:

Tag

Central Functions

Description

referenceDesignator

Name or reference designator of the drive diagnostic object that
is shown in HMI.

axisDB DB number of technology object. If no TO is used, set
“axisDB = 0. The following types of TOs are supported:
e TO_SpeedAxis
e TO_PositioningAxis
e TO_SynchronousAxis
e TO_ExternalEncoder
sinaType Type of SINAMICS drive. The type is required to read the correct
parameters from the SINAMICS. The following types of
SINAMICS are supported:
e 000 =NO TYPE only TO diagnostic information
(mandatory for TO_ExternalEncoder, optional for other TOs)
e 114 =SINAMICS G120 with TO or SinaSpeed
e 124 =SINAMICS S120 with TO
e 125 =SINAMICS S120 with EPOS
e 220 = SINAMICS S200 with TO
e 227 =SINAMICS S200 with EPOS
e 222 =SINAMICS S210 with TO
e 223 =SINAMICS S210 with EPOS
sinaHwID Hardware identification of the PROFINET IO device or PROFIBUS

DP slave to address the SINAMICS drive. In this case, the
hardware identification refers to the PROFIdrive telegram.

sinaDriveObjectNo

Table 8-45: Configuration tags for one drive diagnostics object
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A PROFIdrive device consists of one or more functional objects
according to the number of axes. Each of these objects
represents the functionality of an axis and is referred to a drive
object (DO). The drive object number for SINAMICS drives is as
follows:

e SINAMICS G120: single-axis, “sinaDriveObjectNo” = 1
e SINAMICS S120: multi-axis, see guide below

e SINAMICS S200: single-axis, “sinaDriveObjectNo” = 1
e SINAMICS S210: single-aixs, “sinaDriveObjectNo” = 1
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To access the drive object number, open the “Device configuration” (1) of the SINAMICS S$120. Then the drive object
number is shown in the “Device overview” (2) in collum “Drive object number” (3). This way works for every SINAMICS

drive.

In addition, the drive object number of a SINAMICS S120 multi-axis system is accessible via the PROFINET interface (4) of
the control unit (CU). Therefore, select the “Telegram configuration” in the properties (5). Then the drive object number is
displayed in the “Item” collum (6) too.
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Figure 8-31: Access drive object number in SINAMICS S120 multi-axis system
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The interface between PLC and HMI is the data block “DriveDiagHmi” (1). This block consists of three parts:

e HMI control tags as well as shared diagnostic data (2). These tags are used by all drive diagnostics blocks.

e Axis status information of the technology object (3) from the function block “LAF_GetAxisStatus”.

e Sinamics status information (4), which are filled by the function blocks “LAF_GetSinaStatus”, “LAF_GetSinaAlarms” and

“LAF_GetSinaEpos".
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Figure 8-32: Structure of HMI interface data block “DriveDiagHmi"

NOTE

Data type Start value
“LAF_typeDriveDiaginterfaceHmi* @
“LAF_typeHmiDiagData"

Wstring[128]
Dint 0
Bool false

Bool
Bool
Bool

Bool
*LAF_typeAxisDiagData"
uUDInt 0
“LAF_typeAxisDiagValues®
"LAF_typeAxisDiagStatus”®
“LAF_typeAxisDiagStatusSensor”
“LAF_typeAxisDiagStatusPositioning”
“LAF_typeAxisDiagUnits*
*LAF_typeSinaDiagData®

Ulint

Word

Word

Uint 0
Word 670
Word
Ulnt
Real
Real 0.0
Real

Real 0
Real

Int 0
Real 0.0
Array{0..7] of Word
Array{0..3] of Word
Real

Real 0.0
Word 6%0

The “DriveDiagHmi” data block as well as the connection to the HMI tags and screens objects are
implemented in the preconfigured TIA Portal project of the AF.
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The PLC functionality is implemented with the four function blocks “LAF_GetAxisStatus”, “LAF_GetSinaStatus”,
“LAF_GetSinaAlarms” and “LAF_GetSinaEpos” which are called in the function “CallDiagnostic” (1) and share the two data

blocks “DriveDiagConfig” and “DriveDiagHmi" (2).

To reduce system load, each function block in the PLC is enabled when the corresponding drive diagnostics screen in the
HMI is displayed. It is possible to disable the drive diagnostics function blocks from the user program by assigning a PLC
tag with value “FALSE” to the “enable” input (3). While this tag is “FALSE” no drive diagnostic data is read and transferred

to the HMI.
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Figure 8-33: Function block calls for drive diagnostics
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The drive diagnostics function blocks are called in the function “CallDiagnostic” and connected to the
“DriveDiagConfig” and “DriveDiagHmi" data blocks in the preconfigured TIA Portal project of the AF.
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8.6.5.3. Engineering

During the engineering phase a few steps are must to be done to set up the drive diagnostic in the PLC and in the HMI. In
order to make it as easy as possible for the engineer, the tasks are reduced to set the configuration in the data block
“DriveDiagConfig” in the PLC program and to extend the third navigation in the HMI.

PLC engineering

First navigate to "Diagnostics” tag table (1) in the PLC tags. Select the “User constants” (2) and set the value of the
“NO_OF_DRIVE_OBJECTS" constant (3) to the number of technology objects and SINAMICS drives
(= drive diagnostic objects) in the TIA Portal project. Then compile the “DriveDiagConfig” data block.

| Devices | Mantabjoces @ Tags | = Usercomstanes || [T
i[5S By ceeckin By Bp LAeER|sy e ¥ 3 | #F 0 B E Y keeecialeekes Gy Snepshor ™ M Copyomapshomsuniebie: §
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= [ DPFRV2.1.0.0900CHKED1 [CPU 12160 DODOTC] 2 1 e
Desice tenfgurasion ol 3 NO_OF_DHVE_DRIECE upie ] 4 sumiber ot drive sefects for dive dugnosse | |0 = St

2 T ey v Q T T S s v dieobeos

3 & h_F p " usien 1 Sumber 5| ET00SP Mottt tar . oan

1 5 wo_o CES usim 1 sumber ot ressers eferenceDesignator

B 08 Re_IDENT_DEVICES usint 1 Humber ot rradur:
E sinaType Lint
sinactmid G
simadniveObjsciie USin

= b dmedbecsit] AT SFeDre i gtonAy

beAAAA AL

Figure 8-34: Set number of drive objects for drive diagnostics

Example:

e 1x SINAMICS G120 with SinaSpeed

e 2x SINAMICS S210 with TO_PositioningAxis and TO_SynchronousAxis
e 1x SINAMICS S210 with EPOS

e “NO_OF DRIVE_OBJECTS" =3

In this example "NO_OF_DRIVE_OBJECTS" means the array contains 4 elements “[0..3]".
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Open OB “Startup” (1) in folder “CentralFunctions”. Call the function “LAF_SetDriveObjectConfig” (2) for each array

element of the “DriveDiagConfig” (3) and assign the array index (3) as well as the configuration array itself (4).
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Figure 8-35: Call of function “LAF_SetDriveObjectConfig” in startup
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Next assign the reference designator of the drive (1) and the DB of the technology object (2) via drag and drop as well as
the type of SINAMCS (3). For the type of SINAMICS predefined constants in the “LAF_DriveDiag_Constants” tag table are

available.
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Figure 8-36: Assign reference designator, TO and type of SINAMICS to function “LAF_SetDriveObjectConfig”
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Then open the “Device configuration” (1) of the corresponding SINAMICS and select the PROFINET interface (2) and
navigate to the “Telegram configuration” in the properties and select the “System constants” tab (3). Assign the system

constant of the PROFIdrive telegram (4) to the function “LAF_SetDriveObjectConfig” via drag and drop.
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Figure 8-37: Assign system constant of the PROFIdrive telegram to function “LAF_SetDriveObjectConfig”

NOTE

The system constant must match the hardware identifier of the PROFIdrive telegram. Double check the
hardware identifier in the “Telegram configuration” of SINAMICS drive.

|o Properties  |*, Info &)| % Diagnostics

JGer\eral || 10 tags ﬂSyslemccnslants lTe:ﬂs ‘

b > DPFRWA2.1.0.010PP1-DU1-Tel =
w Telegram configuration Send (Actual value)

[ JDP FRWA2 1.0.010P.
» Advanced options Drive Partner

Name |DPFRWAZ.1.0.010PP1-DU1-Telegrams

| —=» [DPFRWA2.1.0.000CC1KEO!

«

Role | Device ] Controller
Paddress (10 .64 .13 .62 (10 .6+ .1 .66 ]
Telegram | SIEMENS telegram 105 -
Slot |3
Startaddress [PZD 1 = 1276 ]
n Length |10 words {10 words |
& ion | — | = |
Organization block WC_Servo ™
Process image [PiP O Servo il

I Hardware identifier

Figure 8-38: Access to the hardware identifier of the PROFIdrive telegram
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Finally assign the drive object number to the function “LAF_SetDriveObjectConfig”. Therefore, open the “Device
configuration” (1) again and check the drive object number in the table of “Device overview” (2) and assign the value of

the drive object number to the function “LAF_SetDriveObjectConfig”.
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Figure 8-39: Assign drive object number to function “LAF_SetDriveObjectConfig”
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The HMI screens for the drive diagnostics are preconfigured and dynamized depending on the configured technology
object and SINAMICS drive. Therefore, the focus of the HMI engineering is reduced on extending the third navigation. Via
the third navigation, the operator selects the relevant drive.

NOTE The navigation consist of three layers for unit level, EM level and CM level. This chapter describes the
tasks that are required to set up the drive diagnostics on the control module level. How to implement
the navigation in general is explained in chapter Navigation.

First navigate to “Text and graphic lists” (1) and extend entries for the text list “Drives” (2). The number of text list entries
must match the number of array elements “DriveDiagConfig” data block (3). Also, each value of a text list entry must
match the same index value of the configuration array.
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Figure 8-40: Extend entries of the text list “Drives” in the HMI

Next add a drive name for each text list entry in the “Text” collum (1). These texts are shown on the navigation buttons in
the HMI during runtime (2).Recommendation: Use the reference designator for the text entry.
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Figure 8-41: Add texts for drive diagnostics navigation buttons
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The AFeasic provides 8 preconfigured buttons for the drive diagnostics navigation in the screen “ThirdDrives” (1). Only the
relevant buttons are shown in the HMI during runtime.
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Figure 8-42: Preconfigured drive diagnostics navigation screen “ThirdDrives”

NOTE If 8 or less drives are used, no additional HMI engineering is required.

If more than 8 drives are used follow the next steps in this chapter to add up to 4 more buttons to the

drive diagnostics navigation. The steps are only shown for one button. If more buttons are needed,
repeat the steps for each additional button.
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To add an extra button, copy the last of the preconfigured buttons and paste it below in the screen “ThirdDrives” (1).
Select the pasted button and navigate to “Text” in the properties (2). Then increment the value of the “DriveObjectindex”
in the Java Script (3).

%) A clobal definition 13| synchionous 51 Y T €9 G
1 export function heaPaged Text Trigger(item, triggerDataSec) {
var value:
value = EMTHuntime.Rescurces.Textliscs("Defaniconrives) .l -@ Iten(EMIRuntime.Llanguage)
return value:

1
& Appesrance |
Appearance - tyle item HmiTextBox
+ Background -altemative colar [ 128,128,128 Nene

Figure 8-43: Button text dynamization for drive diagnostics navigation

Next navigate to “Events” (1) and increment the value of the “DriveObjectindex” in event (2).

Texts | Expressions |

1T BE® X
Activated — [Velue I
Deactivated - * SetTagvalue

(] Tag | oriveniagHmi_diagstatuz hmidriveindex
Presz key C Value B Lalf
Iance by  Navigation HideThirdNavigationEM
Clickright mouse bu... || (7] Mavigation HideThirdNavigationCM

[ | <Add function>

o

Figure 8-44: Button event for drive diagnostics navigation
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Last navigate to “Expressions” (1) and increment the value of the “DriveObjectindex” in the expressions for the
background color dynamization (2) and for the visibility (3).

100% —
b 4 Properties E;Mn QIPEJ Diagnostics | Plug-ins =
Events Texts
I Add property 3 Removeproperty X Moveup T Move down
[ cendibon | Background - color [Background - color -» Fla. | Background - color -» Alt. | 2 - | visibilty |
ey =_‘.i1:.f?§i?"' .7 . [ Wi H=} L
'Dﬁwb&.gﬂdeiusum)widrivulni:E 0,161,209 No W00 Medium =
‘HumberOfdrive [ 181,190,197 No. | EEE Mediim =]
<Add new 6

Figure 8-45: Button background color dynamization for drive diagnostics navigation

NOTE The value of “DriveObjectindex” must match the index of the array element in the data block

“DriveDiagConfig” for the three steps above. Double check the value for the Java Script, the event and
the expressions.
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8.7. StateModel

In the HMI, this section contains screens to visualize the state model and the mode state history. More information can be
found in the chapter about units as well as in the documentation of the LUC (“Library of Unit Control”).
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Figure 8-46: State model screen
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Figure 8-47: State and mode history
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8.8. Bookmarks

This feature allows the user to save up to two screens to directly jump to from the main navigation.

The current screen can be saved by clicking one empty star. When this is done, the name of the screen will appear next to

it, and the star color will be set to yellow. As shown in the following picture (1).

To delete the bookmark, click the cross that appeared when the bookmark was created (2).

SIEMENS " st | B 2025/06/25 14:24:05
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Parameter
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69 EmExampleLAD M| 69 EmExampleSCL >l 69 EmMotionDemo

This is an This is an
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S

Figure 8-48: Bookmarks
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8.9. Settings

Settings are for general PLC information as well as specific TIA Portal project information. The following information is
available in four dedicated screens:

e PLC&HMI

e PLCIM (Identification and Maintenance)
e Checksums

e Show and change current date and time

PLC & HMI

The PLC & HMI screen provides information about the PLC cycle times (1). The current as well as the minimum and
maximum cycle time are displayed. A new reading of these parameters can be triggered via the button Reset (PLC/Safety)
Timers.

The predefined parameters in the PLC as well as the set communication load can also be displayed.

An evaluation of the SIMATIC Memory Card state is also presented, as well as Open the control panel button (2).

More information about the Memory Card Diagnostic can be found by pressing shift + F1 in your

TIA Portal Project on block “LAF_MemCardDiag”

Furthermore, the following WinCC Unified panel functions are implemented (3):

e Stop WinCC Unified Runtime
e Update trigger

e Switching Language

Settings - PLC & HMI : " it | ] 2025006025 14:59:44 =

@ " M > Start Sto ResetiClear il 51 Special : 5 a
ON Production - Idle E===0) Smith
V)
PLC Cycle-times PLC Properties/Settings SMC Diagnostic HMI Display /' w
1ms 9 150 ms 0 kB 9 100 % 9
e ime . @
1ms 1ms 81% 0% Reset / Update
' e ' Reset PLC Reset
31ms 0% 95 % 255 % Times AlarmHist

Update
SMC
0%

ssigned me e Language
= = ®
ERRESIINS i ?
PLC & HMI w T ¥

Figure 8-49: Settings PLC & HMI

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 132



Central Functions

PLC I&M

The Identification and Maintenance Data as well as the CPU network addresses are read once after a CPU warm start and
displayed in the screen below.

Settings - PLC identification 21 | El| 2025/04/26 4:07:27
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Figure 8-50: Settings PLC & HMI

More information about the PLC Diagnostic can be found by pressing shift + F1 in your TIA Portal
Project on block “LAF_PlcDiag”

Checksum

The block reads the checksums for PLC standard blocks (1) and for PLC text lists (2). The current checksums are compared
with the previous values / old values. For each deviation a ProDiag warning is issued, and the colors of the WinCC buttons
"Checksum"(SubMenu), "Ok Checksum" and "Settings" (Main Menu) are animated.
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Figure 8-51: Settings Checksum

More information about the Checksum can be found by pressing shift + F1 in your TIA Portal
Project on block “LAF_Checksum”
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Date and Time

Central Functions

The PLC time can be edited via the Screen Date and Time. This date and tine information is passed to the Software Unit

“CentralFunctions” = Program blocks = 14_Settings > CallSettings.

SIEMENS

Settings - Date and time

&l 2025/04126 7:13:29 =

o Pow
o 31

= on

Manual

Date and time

2025 7

April 13
26 29
Saturday PAUSED

Figure 8-52: Settings Date and Time
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9. Units

This chapter describes the general structure, interfaces, commands, and data flow of units.
One unit is implemented in the AFsasic project:

e Unit 1: Example implementation programmed with LAD.

~ (15 DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DC/DC/RIy]

JIY Device configuration

%/ Online & diagnostics

v |z Program blocks

B° Add new block
[£z] 01_CentralFunctions
[£z] 02_Global
[tz] 03_Motion
04_ObjectsOfProjectLibranyUsed
09_U1_Unit1
10_EmO_General
11_Em1_Template_LAD
12_Em2_Template_SCL
13_Em3_Example_LAD
14_Em4_Example_SCL
'tz] 15_Em5_MotionDemo

7 |
¥

v v v v v v v v v v v
B e
o e

Figure 9-1: Unit and EMs implementation

9.1. General Structure

Each Unit consists of several folders. The first folder represents the unit itself. Additional folders represent each
equipment modules that are assigned to the unit.

Main program structure
e Handling of general releases and safety status.

o Mode and state management. This done by the evaluating the feedback of the EMs, reading the control interfaces,
pre-processing of the commands and the mode-state management itself.

e Internal Alarms are processed and managed.

Signal flow

The basic cyclic execution of unit commands starts with the assessment of the feedback obtained from the EMs and the
status of the unit itself. This evaluation is performed by the FB "LUC_StatusCollector". The outcome is the creation of a
current process interface. This interface is then evaluated together with the external control interfaces, such as
commands from an HMI, i.e. commands actuated by the operator, or external signals such as those from an IT system
(e.g. OPCUA) in the FB "LUC_InterfaceManager". The block generates a summary based on this information.

The FB “LPMLV2022_UnitModeStateManager” then evaluates the commands and sets the current mode and state.
Additional information of the state machine is written to the DB “Units” via the FC "LUC_SetModeCurrent", FC
“LUC_SetStateCurrent”, FC “LPMLV2022_UnitModeChangeAllowed” and FB “LUC_UnitStateCommandsAllowed”.

From DB “Units”, the EMs read the unit mode and state and execute their logic accordingly. The EMs then send their
updated feedback signals to the unit, which are then evaluated again in the new cycle.
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The overall signal flow of a unit can be seen in the following figure.
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Figure 9-2: Signal flow of a unit
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9.2. Interfaces and blocks

The general program architecture of a unit is based on the description in the chapter Program Structure. To specify the
differences between the levels and the objects used, the following chapters describe in more detail the unit level and the
different approaches of the unit implemented within the AF Basic.

A unit contains the following blocks:

- &2 09_U1_Unit1
3 UT_Main [OB1001]
3 U1 _Startup [OB1000]
3 U1_CollectAlarms [FC63]
2 UT_callunit [FB130]
@ Ui_Alarms [DE149]
@ Ui_cConfig [DB195]
i "E, Instance DEs
@ U1_cCallunit_DE [DBE]

Figure 9-3: Program blocks of the unit

Primarily the blocks are used from the LPMLV2022 (PackML library) for the mode state manager, the LUC (Library of Unit
Control) for the supplementary signal handling within the unit and the LAF (Library of Automation Framework) to handle
the alarm management within the respective unit. To gain a more detailed understanding of how special blocks operate
at the unit level, it is necessary to investigate the specific implementation within a unit. This discussion will cover the
additional functionality beyond the basic operations already described.

OB Startup (Unit)

Configuration of the State-Model:

The user can adjust the state machine to his requirements. This is optional and only needs to be done if the user has a
different state machine like the standard OMAC PackML state machine.

In OB “Startup”, FC “LUC_StateModelConfig” transfers the user setting settings into the stateMode manager configuration
which are used by the state mode manager during runtime. In addition, information of the enabled modes and states are
provided to the unit interface through the FC “LUC_SummarizeEnabledModesAndStates”. The enabled special functions
configured in the “Config DB" are also provided to the unit interface in this OB “Startup”.
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OB Main

Units

In OB “Main”, FB “CallUnit” is called, which contains the call of all further blocks and code. It can be seen, that data
from outside the own folder, e.g. from “Global” is handed over via the interface of FB “CallUnit". Data within the own
folder is not handed over via the block interface, but handeled inside the block directly by using direct data block

access.

b Block title: "Main Program Sweep (Cycle)™

b Network 1: Call Unit

P Lkssign the number of the unit to & temp for correct array index access....

"UNITD”

"Data”.general
“Units".
unit[#templindex]

"HmiCentrol
Interface”.unit

“Unit1Ems".em
Feedback

“Unit1Ems".em
Alarms

MOVE

EN —
&% 0ouUm #tempindex

IN

B8
"U1_Callunit_DB"

Y%FB130
"U1_callunit”

EN EnOD —

=globalStatus
=unitinterface
=hmiControl
Interface

=emFeedback

=emAlarms

Figure 9-4: Implementation of OB Main of the unit

FC CollectAlarms

This block is used for the alarm concept implemented within the Automation framework Basic. Further explanation of
how the block is used can be found within the chapter Diagnostics Concept under the section Alarm Implementation in
the PLC

DB Alarms

Contains alarms that can be configured by the used. They are evaluated by FC “CollectAlarms”.

DB Config (Unit)

In the unit DB “Config”, the following configuration setting can be adjusted by the user:
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FB CallUnit
The function block FB “CallUnit” performs the followings actions:

¥ Block title: CallUnit
This klock calls all functicnality inside the unit.
Network 1: BLOCK INFO HEADER
Network 2: DESCRIPTION
Hetwork 3:  a¥xkk*kk*xkd***x Control Unit Status FXExxkrkxkkkkk ik kkk kA xxx
Network 4: Rcknowledge
Network 5: [RAcknowledge safety
Network 6: Disable alarms
Network 7: Set unit simulation
Network 8: Safety released
Network 9: Set special functions
Network 10: ANNNKKNKNNNNNNN Command Procesging FFFFNNANAERNRNNNEN KRN NN

Network 11: Collect ARlarms

Network 12: Summarize commands from alarms and events

Network 13: Collect commands from unit and EMs

Network 14: Merge command interfaces

Network 15: Disable commands

Network 16: Suppress commands

Network 17: kkkkxkLxxAxkkxx Mode and State Management XXAXAXXkkkkxk ik

Network 18: Manage mode and state

Network 19: Update history and time statistics

Network 20: LR R Updﬂte Interfaces YA AXAAANAAAANNNNNNNNNNNN
Network 21: Unit interface

Network 22: HMI control interface

v w w w w w w ¥ ¥ w ¥ w w w w ¥ w ¥ w w w w v

Network 23: Signal stack

Figure 9-5 Content of FB “CallUnit”

Control Unit Status
e Set unit simulation / Acknowledge / Disable alarms

If simulation, acknowledge or disable alarms is active on a global level, inherit this status and set active in this unit also.
Information is written to DB “Units”, from where it is distributed to the equipment modules.

e Acknowledge Safety / Safety released

If safety acknowledgement is required, the unit sends an acknowledge command to the safety program, if the state
machine is in the corresponding state or if an acknowledgment was set on the global level. The unit evaluates the safety
releases of the assigned safety zone and reacts accordingly. If a safety event occurs, an abort command is sent to the
mode state manager.

e Set special functions

Special functions commands to the unit are copied from the DB “HmiControlinterface” to the DB “Units”, so that all EMs
can inherit them an react accordingly.

Command Processing

e Disable state commands

The user can define preconditions to disbale state commands. This preconditions can be process variables, mode, states,
etc.

e Collect Alarms

Any event can be assigned to an alarm within the collect alarms function. This specific alarm is mapped to a reaction for
the unit (e.g. abort, stop, hold). More information on the process diagnostic within the AFeasic is given in chapter
Diagnostic Concept.
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e Summarize commands from alarms and events

This block summarizes commands from events, and alarms from DB “Alarms”. The alarms from DB” Alarms” can contain
reaction categories (e.g. abort, stop, hold) which are summarized here and sent to the unit as commands.

e Collect commands from the unit and EMs

Here the Collection of commands coming internally from the unit (unitFeedback) and commands and stateComplete from
all underlaying linked equipment modules (emFeedback) takes place. They then get Merged and forwarded to the FB
“InterfaceManager” as process commands.

e Merge commands interfaces

The different commands from all interfaces are evaluated and merged before they are sent as set of commands to the
mode state manager. These could be commands from the operator via HMI or IT, or state change request due to the
process status evaluation.

e Suppress commands

The summarized command will not be forwarded to the ModeState Manager if the command was previously disabled.

Mode and State Management
¢ Manage mode and state

This block represents the mode/state model of the machine. It always outputs the current mode and state of the machine.
It evaluates if a mode change request, state change request or stateComplete input is pending, and it then updates the
mode and state accordingly, if allowed.

e Update history and time statistics

e This block updates the mode and state history. When a mode or state change occurs, the current mode and state are
stored in the current data area of the history and the previous ones in ascending order. The runtime of the previous
mode and state of the unit is then evaluated by the “LPMLV2022_UnitModeStateTimes" block within the time statistics
network.

Update Interfaces
e Unitinterface
Further signal handling of the mode state manager to interact with the data structure of the unit level.

e HMI control interface
e Update of unit status information to the Hmi control interface.
e Stack Light

This network sets the signal stack outputs according to the configuration and the current mode and state.
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9.3. HMI Screen

To access the overview screen of a specific unit, the operator has two options:

1. Select the unit directly from the main machine overview screen.

2. Use the navigation bar, which can be opened by clicking the icon in the bottom-left corner of the screen.
For simulation purposes, a Simulation Activation button has been added to the main overview screen.

Additionally, the collective status of the safety zones is visualized via a virtual E-Stop button. If all safety zones are
released, the button appears deactivated. If any safety zone remains active, the button is shown as activated—clearly
indicating that the system is not yet fully safe to operate.

Machine Overview

Unit1 >|a
This is an
example. |

¥ ]

Figure 9-6: Overall machine view

When a unit is selected, its corresponding overview screen opens, displaying the associated Equipment Modules (EMs).

An example implementation for Unit 3 is shown in Figure 9-8: Demo Unit 3 Overview Screen. In customer-specific
projects, this screen can be adapted to include tailored machine schematics or dedicated EM views.

Operators can access individual equipment screens either by clicking directly on the equipment within the overview
screen or by using the navigation bar, which also provides access to the EM level of the machine.
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The detailed structure of the Equipment Module screens is described in Chapter 10.3: HMI Screen.

Unit 1

(_’;9 EmGeneral M

This is an
example.

(_’;9 EmExampleLAD >

This is an
example.

Figure 9-7: Demo Unit 1 Overview Screen
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9.4. Mode and State Manager

The AFgasic uses the LPML library, which provides an implementation of an OMAC PackML V2022 compliant mode and
state manager including supplementary blocks. Additionally, the Library of Unit Control (LUC) is used for further related
mode operation tasks like command and status collection, and interface management to different command sources.

The Mode and State manager is called in the FB “CallUnit” of each unit. It is realized with the FB
“LPMLV2022_UnitModeStateManager” of the LPML library. For details about that block refer to the documentation of that
library. The main functionality of the block is to evaluate the requested Modes and States of external Interfaces, if a Mode
or State change could be done, and share the current Mode and State with other program parts.

Configuration

The Automation Framework is providing an easy way on implementing the needed configuration for the State Machine by
adding another data structure based on the PLC data type “LUC_typeStateMachineConfiguration” to the DB “Config” of the
unit. Therefore, there are two data structures inside this DB. One for the configuration of the user and one UDT which is
used by the “LPMLV2022_UnitModeStateManager”. The following parameters can be adapted to the user’s own needs:

e Used modes
e Used states per each mode
e Allowed transitions between modes

e States that are allowed to transition to the hold or complete process

" ou 7

The state model configuration can be defined by the user in “enableModes”, “enableStates”, “enableModeTransitions”,
“enableHoldCommand” and “enableCompleteCommand”. Each mode has its own configuration of states and transitions.
The configuration of the hold and complete command is independent from the current mode and defines which state can
transition to the hold or complete state.

* stateMachine
] enableModes
= enableStates

]
]

& p enableModeTransitions
b enableHoldCommand
4

= enableCompleteCommand

Figure 9-8: Configuration of the state machine in the DB Config of the unit

To enable a new mode or disable old modes, the user can set the corresponding Bit within the “enableModes” variable.
The next step would be to define the states that are existent within the different modes. For this purpose, the
“enableStates” data structure is including every state as a Boolean variable for each mode. The “enableModeTransitions” is
defining in which state the mode could be changed. This data is structured in the same way, so every mode has the
transition activation for every state. Additionally, by setting or not setting the bits, it can be configured whether the
transition from a state to Hold or Complete is possible.

HMI Interface

The data of the Mode and State manager for the HMI is centrally stored in the DB “HmiControlinterface” of Global folder.
Each unit that was projected includes the data structure shown in the figure below. This interface enables the state
machine to be controlled via the HMI and the current status to be read out.

¥ unit

= ¥ tolnit

L modeRequests

= stateCommands

L] specialFunctionActivation
¥ fromUnit

currenthiode
currentstate
activeSpecialFunctions
enabledModeRequests
enabledStateCommands

enabledSpecialFunctionActivations

Figure 9-9: ModeStateManager Interface in DB “HmiControlinterface” in Global folder
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History and statistics

A history of the previous states and mode is also stored for each unit within the DB “Units” in the UDT “history” of the
specific unit. The last 8 steps of the state machine are provided. The FB “LUC_UpdateModeStateHistory” (called in FB
“CallUunit") updates that history upon each mode or state change.

A time statistic of all mode and states is stored in the UDT “modeStateTimes". This provides a detailed overview of the
times the state machine has stayed in the individual modes and states. The FB “LMPLV2022_UnitModeStateTimes” (called
in FB “CallUnit”) updates that statistic constantly.

Screens

The mode and state of the unit can be controlled through the HMI by utilizing the mode and state command buttons (See
the pop-up windows below) located on the main header. The Mode Requests section allows for the selection of the
overarching operational mode of the equipment, dictating the available procedures and the level of automation. The
available modes are:

e Production: The standard automated operating mode.
e Maintenance: A mode that allows the user to access specific functions for service, calibration, or repairs.

e Manual: A mode that permits direct operator intervention and control over individual CMs.

The State Commands provide the means to govern the procedural execution within the selected mode, adhering to the
state model. The commands include:

e Core-Commands: Start, Stop, Reset, and Clear for fundamental control over the operational cycle.

e Execution Management: Hold, Suspend, Complete, and Abort to manage the progression of a batch or process. Hold
initiates a controlled pause, Suspend brings the machine to a shutdown state that can be resumed, Complete finalizes
the current operation, and Abort terminates all activity immediately and requires a reset.

e State Resumption: Unhold and Unsuspend are used to resume operation from the corresponding paused states,
bringing the unit back into an active condition.

o e

Production Maintenance Start Stop e Clear
-— L
n

Figure 9-10: Mode Request and State Commands pop-ups
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From the main navigation bar located on the right side of the HMI, as indicated on the figure below, the user can access a
dedicated screen to monitor the machine's state model. Activating the designated icon (1), as highlighted in the figure
below, opens the Machine State view (2). This screen presents a graphical representation of the configured state
machine, illustrating all possible states (e.g., Idle, Starting, Execute, Held, Stopped) and the transitions between them for
the currently selected operational mode. The active state is visually emphasized to provide an immediate understanding
of the machine's status.

@ Mode change possible

unhold |
Unholding  fe— Held

| ! }q— Holding
I Hold 1

Complete

| — Starting _‘—b Execute Completing e Completed

T i Suspend )

Unsuspend |

o — Suspended Suspending
| 1

Reset

Resetting Unsuspending

Stop |
Stopped c—[ Stopping —

-

Reset

| Abort
Clear
Cleanng Aborted f— Aborting

| Machine State

Figure 9-11: State model view

Furthermore, this interface includes a History tab. Selecting this tab navigates to a detailed, time-stamped log of the state
machine's recent activity. As shown in the figure below (2), this historical view provides a chronological list of states,
recording the precise start time, end time, and total duration for each state entered. This functionality allows for in-depth
diagnostics and performance analysis of the machine's operational sequence.

e Started Ended Duration “
[ddMMIyyyy hh:mm:ss.sss] {ddiMMIyyyy hh:mm:ss.sss] [dd hh:mm:ss.sss]
Current ‘ Production Idie 25/06/2025 04:10:21.821 @
} ' | ! |
1 ‘ Production Resetting 25/06/2025 04:10:21.813 | 25/06/2025 04:10:21.821 00D 00:00:00.008 ?/l
2 Production Stopped 25/06/2025 04:10:18.277 | 25/06/2025 04:10:21.813 00D 00:00:03.535 @
-3 Production Clearing 25/06/2025 04:10:18.268 | 25/06/2025 04:10:18.277 00D 00:00:00.007
4 Production Aborted 25/06/2025 04:10:15.813 | 25/06/2025 04:10:18.268 00D 00:00:02.455
-5 Production Aborting 25/06/2025 04:10:12.792  25/06/2025 04:10:15.813 00D 00:00:03.021
6 } Production Stopped | 25/06/2025 04:10:06.507 | 25/06/2025 04:10:12.792 00D 00:00:06.285 W
-7 Production Stopping 2510612025 04:10:03.492 | 25/06/2025 04:10:06.507 00D 00:00:03.013 @

Figure 9-12: History view

NOTE

The visualization of OMAC state model of the SIMATIC OMAC PackML V2022 library (LPML) \LPML\ was
adapted to comply with the AF Siemens style guide
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9.5. Stack light

Each machine typically has at least one stack light that indicates the machine status to the equipment operators. The
stack light in the AF supports the five standard stack light colors with the various illumination options (static or flashing)

and sufficient reserves for additional user defined colors plus on/off signal for acoustic indicators.
The following figure shows the implementation of a stack light mapped to the different states of the unit, implemented

within the AFsasic:

Completjng
Completeq

&
5
&
3
S5

SUSpengeq
Stopp; ng
AbOrting
Abortaq

Ho:mng
Held
Unl'}o.ra;,g
Suspe Nding

EXGCu[‘e

Idia
-,

H Resetting

U”d efineg
Clea ﬂ'!}g
Stoppeg
Stanin g

Red Lamp Flashing

Red Lamp Solid

Yellow Lamp Flashing

Yellow Lamp Solid <

Blue Lamp Flashing n“

Blue Lamp Solid
Green Lamp Flashing
Green Lamp Solid “ “ “ “
Horn Flashing
Horn Solid
White Lamp Flashing
White Lamp Solid
Userl Lamp Flashing
Userl Lamp Solid
User2 Lamp Flashing
User2 Lamp Solid

Figure 9-13: PackML State Model mapping to the stack light

The AFeasic offers a preconfigured implementation of such a unit stack light. This implementation is not arbitrary; it is
robustly designed in accordance with IEC 60073, which governs the principles for coding information using visual (lights)

and auditory signals and aligns with the OMAC guideline Part 6: PackML User interface - HMI.

The configuration of these stack lights is centralized within DB "Config", this DB allows for defining different signal
behaviors, primarily static (a solid light) and flashing. For each of these behaviors, the user can precisely determine the

status of each individual signal using a simple Bool true/false value. The available signals include a standard color palette
(red, yellow, blue, green, white), an audible horn, and additional user-definable signals (user1, user2).

For example, to configure the machine to display a flashing green light when the unit is in idle state, the user would
navigate to signalStack -> idle -> flashing and set the "green" variable to true as shown on the figure below (1).

NOTICE . . . . . . .
Please have in mind that the stack light functionality has not been fully implemented in the AF
project. It was inserted as a suggestion. The image was implemented without stack light

symbols in the visualization.
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U1_Config
Name Data type | Start value

@ v static

€= » unit *LAF_typeUnitConfiguration®

< = » stateMachine *LUC_typeStateMachineConfiguration®

<l = » specialFunctions “LUC_typeSpecialFunctions®

4 = v signalStack *LUC_typeSignalStackConfiguration®

€1 = » undefined "LUC_typeSignalStackStateBehaviour®

€1 = » clearing *LUC_typeSignalStackStateBehaviour®

<1 = » stopped "LUC_typeSignalStackStateBehaviour®

<1 = » starting *LUC_typeSignalStackStateBehaviour®

4 = v idle "LUC_typeSignalStackStateBehaviour”

a = ¥ static *LUC_typeSignalStackByBool*

Rov ] = red Bool false

a L yellow Bool false

a L} blue Bool false

< = green Bool false

a - horn Bool false

a L] white Bool false

a L userl Bool false

<a L user2 Bool false

a s v flashing "LUC_typeSignalStackByBool”

a = red Bool false

< = yellow Bool false

a L blue Bool false

a Il green Bool TRUE

<a = horn Bool false

<1 - white Bool false

< L] userl Bool false

a = user2 Bool false

<€ = » suspended "LUC_typeSignalStackStateBehaviour®

4 = » execute *LUC_typeSignalStackStateBehaviour”

< = » stopping “LUC_typeSignalStackStateBehaviour®

< = » aborting "LUC_typeSignalStackStateBehaviour®

Eeui ] = » aborted *LUC_typeSignalStackStateBehaviour®

<€ = » holding "LUC_typeSignalStackStateBehaviour

< = » held *LUC_typeSignalStackStateBehaviour”

< = » unholding "LUC_typeSignalStackStateBehaviour®

< = » suspending *LUC_typeSignalStackStateBehaviour®

<€ = » unsuspending "LUC_typeSignalStackStateBehaviour®

€ = ) resetting *LUC_typeSignalStackStateBehaviour”

<€ = » completing "LUC_typeSignalStackStateBehaviour”

€ = » completed *LUC_typeSignalStackStateBehaviour®

Figure 9-14: Stack light configuration in DB “Config”
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9.6. How to add a new Unit in the PLC

To add a new Unit, an existing Unit Folder can be used to copy and paste into the Program blocks folders, following the
numbering conversion as per Figure: 9-15, where Folders numbered 10 and above contain units and their associated
equipment modules, following a specific numbering format for clarity and ease of access.

The format is as follows:

First Digit: Represents the unit number.

Second Digit: Represents the equipment module number associated with that unit.
Example Breakdown can be the "12" in a folder named "12_Em2_Template_SCL" indicates:

Unit 1 (first digit = 1); Equipment Module 2 (second digit = 2). As an example, another unit called U2_NewUnit will be
added and two Ems to demo the numbering conversion.

e In the program blocks, go to PLC tags and select the Global PLC tag table. Within user constants tab, the following
steps have to be taken

Global
Name Data Value Comment
E NO_OF_UNITS Int 1 Highest value of unit (Counting starts from 0)
&= U1_EMO Int 0 Equipment Module 0
E U1_EM Int 16 Equipment Module 1
& u1_Em2 Int 2 Equipment Module 2
& U1_EM3 Int 3 Equipment Module 3
E U1_Em4 Int 4 Equipment Module 4
& U1_EMS Int 5 Equipment Module 5
E U1_NO_OF EMs Int 5 Highest Value of equipment modules in the unit (Counting starts from 0)
& UNITO1 Int 0 Unit 1
& uNimo2 Int 1 Unit 2
& U2_EmO Int 0 Equipment Module 0
E U2_EM1 Int 1 Equipment Module 1

Figure 9-15: Global PLC Tag list

e Increase NO_OF UNITS by 1(1) so that is shows the highest value of the last unit within the whole machine.
e Add a new constant with the name of the additional unit and assign the next possible higher number(2).

e Copy an existing unit Folder of the AFB and paste it to the project by right clicking on the program blocks in the PLC
project tree and select paste.

e Rename the folder with a proper name and number following the conversion descussed on the General structure (see
Figure:9-15 below).

v [gl Program blocks

B Add new block

[£z] 01_CentralFunctions
[£z] 02_Global

[£z] 03_Motion

[£z] 04_ObjectsOfProjectLibraryUsed
[£z] 09_U1_Unit1

[£z] 10_EmO_General

[£z] 11_Em1_Template_LAD
[£z] 12_Em2_Template_SCL
[£z] 13_Em3_Example_LAD

v v v v v v Vv Vvwvyw

[£z] 14_Em4_Example_SCL
[£z] 15_Em5_MoticnDemo
| > Tzs 19_U2_NewUnit

» [iz] 20_EmO_General

-

» (%] 21_Em1_Template_LAD

Figure 9-16: Adding new unit to program block’s structure
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e Open the OB "U#_Main” and OB “U#_Startup” Properties of the new unit (see Figure:9-16 below) and rename to the
applicable name of the Unit (1). Change the OB numbers of the OB "U#_Main" and "U#_Startup” (2) according to the
OB numbering convention presented in chapter: Startup and cyclic program execution

U2_Main [OB1001]

JGeneraI ﬂTexts I

X

General A
; General
Information =
Time stamps i
Protection Nemespace: | |
Attributes : _
Constantname: |OB_U2_Main |
1 Type: |OB |
't Eventclass: ';VProgram cycle ]
Langusge: |LiD -~
(® Manual
() Automatic
Process image part number E
| 13 || cancel |

Figure 9-17: Properties of the new Unit OB

e Rename the rest of the blocks to reflect the newly added unit.

=[] 19_U2_Unit2
| U2_Main [OB1001]
4 U2 Startup [OB1000]
45 U2_CollectAlarms [FC63]
& U2_callunit [FB130]
W Uz2_Alarms [DB149]
@ U2_config [DE195]
] rf:j Instance DBs

Figure 9-18: Newly added Unit block

e Open the "Config" (1) DB of the new unit and adjust the "referenceDesignator.relative" (2) to reflect the new unit.

U2_Config (snapshot created: 3/20/2025 4:11:15 PM)

b F‘:_:, 19_U2_Unit2 |i] Name Data type

4 U2_Main [OB1001] @ v Static

48 U2_Startup [OB1000] < = ¥ unit “LAF_type UnitConfiguration”

48 U2_Collectalarms [FC63] <2 s v referenceDesignator “LAF_typeReferenceConfiguration”

4 U2_Callunit [FB130] < . parent Wstring[128]

il U2 Alarms [DB149] -ﬁ‘ ] relative Wstring[25]
I O I a = e e T rol128]

» [t:] Instance DBs < = » stateMachine "LUC_typeStateMachineConfiguration”

r g Systemn blocks 6 <41 = » specialFunctions "LUC_typeSpecialFunctions”
# Technology objects 40 = ) signalStack "LUC_typeSignalStackConfiguration®
External source files 41 = » remoteCtriOpcUa *LUC_typeRemoteCtriConfiguration®
& PLCtags <l = » stateModeManager  “LPMLV2022_typeConfiguration®

Figure 9-19: Reference Designator adjustment

e Open the OB "Main" of the new unit and assign the user constant that was created in the Global Folder at the Move-

block that is called before the FB "CallUnit" is called
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e Assing the right Global interface for the unit, by connecting the corresponding interfaces to the “Data”, “Unit”,

“HmiControl”, “UnitEms”, and “UnitAlarms”.

Network 1:  Call Unit

w Assign the number of the unit to a temp for correct array index access.
Number is defined in PLC tags of Software Unit Global.

MOVE
EN —
1 = QU1 #templndex
"UNITO2" IN
%DB8
"U2_Callunit_DB"
%FB130
"U2_cCallUnit"
EN ENO —

"Data”.general — =globalStatus

"Unit".unit[#temp
Index] — = unitinterface

=hmi
"HmiControl Command
Interface”.unit Interface

"Unit2ZEms".em
Feedback =emFeedback
"Unit2Ems".em

Aamns =emfams

Figure 9-20: OB "Main” of the new Unit

e Open the OB "Startup” of the new unit and assign the user constant that was created in the Global Folder at the Move-
block in Network 1: "Unit Index Number".

Network 1:  Unit Index Number

w Assign the number of the unit to a temp for correct array index access.
Number is defined in PLC tags of Software Unit Global.

MOVE

EN ——

1 1= OUTT #templindex
"UNITO 2" IN

Figure 9-21: OB “Startup” of the new Unit

e The unit can then be configured as required.
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9.7. How to resize the HMI

For the resizing of the HMI to the desire panel size, you should follow the next steps:

1. Changing the Target Device

a. Navigate to the device settings within your project.

Units

b. Select the desired device that matches the screen resolution or display size you intend to work with.

Project tree

JDevices IHamobjecls I

¥ ] Automation_Framework
¥ Add new device
b Devices & networks
» [[Jl DP.FRWA1.1.0.000CC1-KEO1 [CPU 151
» ({3l DP.FRWA1.2.0.000CC2-KEO1 [CPU 151
~ |1 DPFRWA1.1.0.0000P1-KE20 [MTP120...
m Device configuration
% Online & diagnostics
Y Runtime settings
» [ Screens
» 'u] Screen management
» (g HMitags
24 Connections
3 HM alarms
» [} Parameter settypes
W Log:
E Scheduled tasks
» %) scriptz
3 collaboration data
) Cycles
4] Text and graphic lists
» :{_] DP.FRWA2.1.0.0000P1-KE20 [MTP120...
» 13 DPFRWA2.1.0.000CC1-KEOT [CPU 121...
» i3] Drives
» %3] Hubs
» [i) loDevices
» 11 Ungrouped devices
» Eg Security settings
» [3€ Crossdevice functions
» [§§ Common data
» [§) Documentation ettings
» Q Languages & resources
» [4 Version control interface
» (3 Test Suite
» i Online accezs

Figure 9-40: Selection of the “Change devicel/version” property of the HMI

Change device / version

Open
Open in new editor
X cut
15| Copy
B pact
X Delete
& Go to topology view
g Go to network view
Compile
Download to device
& Goonline

=~

% Online & diagnostics
HM Device maintenance

Change cbject color
Stop runtime/simulation
- Searchin project
¢ Crozs-references

< Print.
& Print preview.

Export CAxdata...

Crl+K

Curl+0
»

CtrlsF

Cerl+P

= Export module labeling strips...

G Properties

]
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["Change device — MTP1200 Unified Basic

Current device: New device: —
b= |

Compatibility information
Infermation

€ e style selected for the device will be replaced with a compatible version. If using a custom style

HMI

| w ) SIMATIC Unified Basic Panel
» [ 4" Display
» 5 7" Display

~ [ 10" Display
w5 MTP1000 Unified Basic

(8} 5A02 123-3KB32-0AW0]

MTP1200 Unified Basic MTP1000 Unified Basic o o
» |5 12" Display
» [ SIMATIC Unified Comfort Panel

Adicle no:  [6AV2 123-3MB320AW0 | Atticle o [6AV2 123-3KB32-0AWD » [ HM SIPLUS

pr——— T = o
Version: 20000 [+ Versian: [20000 Jretl| [ FCSystams

— » [ FC general
Description: Description: » [ Industrial PCs
12.1" TFT display, 1280 x 800 pixels, 10.1" TFT display. 1280 x 800 pixels,
16Meolors; Multi touch; T x 16M colors; Multi touch; 1 x
PROFINETIEthernet (Gigabit); 2 x USB PROFINETiEthemet (Gigabit), 2 x USE

0 Default screen size of the device will be changed to that of device resolution, but can be changed in the Ru...

s please ..

Figure 9-41: Selection of the desire device to make the resiz

2. Resizing Screens to Match the Display

e

Units

Once the target device is selected, you can proceed to resize the screens to fit this new display size. Follow these

steps:

a. Inthe project tree, locate the screens you wish to

resize.

b. Right-click on the screen(s) and select the "Resize to Display" option from the context menu:

1 FRuntime settings
! _r]j Screens
‘? Add new screen
~ [%2] 00_Screenlayout

b | Screenlay=o=

» [E] PopUps Open
» i) SubNavigi ¥ Cut “trl
» [Ez] ThirdNavig 25| Copy ctrl+C

E 01_CentralFu| == “trl+
[£2] 02_Machineq % Delete Del
rg, 99_ObjectsC Rename F2

[£2] UT_Unit1_sc
[%2] U2_unit2
[] U3_Demo F%] Resize to display I
¥ I_ﬂ] Screen manage ;f; Go online

4 E;a HMI tags yj‘r o offli
%2, Connections
4 HMI alarms
[ Parameter set ty|
§l Logs X' Crossreferences F11
E Scheduled tasks| € Cross-reference information Shifi+F11

F ] Define as start screen

* v v v v w

Ctrl+K

Change object color

Sy Searchin project Cirl+F

-

v [&] scripes sddHrnis
.5 Collaboration da ShowScriptCode b
®*

Cycles " :
¥ [°d, Properties... Alt+Enter

- Testand graphic

o

Figure 9-42: “Resize to display” property
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This option automatically resizes the screen dimensions to match those of the selected device. Most objects on the screen
will be resized appropriately, ensuring a consistent appearance across different resolutions.

3. Adjusting Faceplate Containers

While the screen and most objects will resize correctly, certain elements, such as faceplates, may require additional
adjustments:

a. The containers within the faceplates are resized automatically; however, the faceplate itself may not adjust in size.
b. To resize the contents within a faceplate, navigate to the properties panel of the faceplate.

c. Locate the option labeled "Fit Screen to Window" and enable it. This will ensure that the contents of the faceplate
scale correctly within the resized screen.

J Properties || Events || Texts || Expressions |
i2gE e
[ Mame Static value 7 Dynamization 4]
¥ PAppearance Z
Appearance -style item HmiFaceplateContainer
» Focus-showvisual E None
¥ Title row-color ! 145, 147, 154 MNone =
» Window settings Maone None
* Format
¥ Horizontal scroll bar- .. O MNone ;
i |<r|'r||||"ﬂ|'— ollanced Llone __
I b Size-fit Fit screen to window B lone E Y
ertcal scroll Dar - po... U Mone
» Vertical scroll bar-visi... Collapsed None
¥ Zoom -sllow D None
» Zoom -factor 1 MNone
* Miscellaneous
¥ Connection status Mane
Faceplate type LAF fpManagealarms V 1.1.0 ol

Figure 9-43: “Fit to screen window” property in the faceplate’s properties
4. Managing Static Size Values

Some objects or elements may have static size values defined by the user, which could prevent them from resizing
automatically. A common example is a navigation bar with a fixed width:

a. ldentify any objects with static size values, such as width or height, particularly in navigational elements.
b. Remove these static values to allow the object to resize dynamically according to the screen dimensions.
c. Once the static values are removed, the objects should automatically adjust to fit the new screen size.

Properties Events || Texts || Expressions |

] el e L e ¢ gae| Oa

]l ;e : ; =1 :
= Global definition Z# Asynchronous @ 3 % % ¢9 Ga
EXTOrt o aatne funetjon FMaterBOS "‘"'!-""i-'—'i{'ihnm1 [

podule navigatior|.ShowIitld():

Click left mouse button

Click right mouse bu...
i Loaded
E Cleared

podule colors.ScreensBackColord ()

=1 oy LM e LA A

£

[F5]

t.SetTagValue (" E g

e ERET |

Figure 9-44: Static values removed in the scripts
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5. Final Adjustments and Testing

After completing the resize operations, it is recommended to review and test the screens on the target device. Ensure that
all objects, text, and navigational elements are appropriately scaled, and that the user interface remains functional and

visually appealing.

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 155



Equipment modules

10. Equipment modules

This chapter describes the general structure, interfaces, commands, and data flow of equipment modules.

10.1. General structure

An EM always consists of exactly one folder and is part of the structure of the command and data flow as well as the HMI
connection concept presented in chapter PLC Software Architecture.

The EMs are including specific CMs of the machine which execute the functionality the equipment module is specifying.

Main program structure

e Onthe EM level, the current linking status of the module itself to the Unit is first evaluated. What linking and unlinking
one EM from the Unit means will be discussed in the chapter Interlink .

e Next, the control module blocks representing the sensors are processed to obtain the status of the process inputs of
the equipment module.

e The EM next maps the different statuses from the Unit to different behaviours of the user programm or sequence,
which should provide the main functionality of the module. Therefore the functionalities can be devided into the job
control concept, which will be further presented in the chapter Job .

e The general evaluation of whether and when the CMs, that represent actuators, are reset and activated takes place
before the CMs are called.

e The module's alarms and events are processedSignal Flow.

e Finally, The feedback of the completion of the current state and the commands to the Unit will then be built.

General mode and state are coming from the unit level. This determines if the equipment level runs in automatic mode,
maintenance or manual mode. If manual mode is enabled, manual operation of the control modules, the job selection
and the sequence is allowed via the HMI. DB “Hmilnterface” is connected to the according faceplates in the HMI screens.
The provided example sequence allows a manual continuous operation as well as step-by-step mode.

The mode and state of the unit are evaluated via the FC “LUC_InterlinkToParent” and “LAF_ControlEm”. Depending on the
linking state of the equipment module, either the unit signals are used within the EM or, if unlinked, the Hmilnterface or
ControlNodes signals are used. The code of the FB “CallEquipment” is highly customer specific. The shown
implementations are just examples. In the AFBasic, multiple EMs with different ways of implementations are shown. l.e.
different sequences can be called depending on the recipe or job. Sequences can be programmed in LAD/FBD and SCL.

The sequence communicates with the control modules using DB “ControlNodes”. This has the benefit of high transparency
and flexibility. It is advisable to limit the number of direct connections between control module blocks and the sequence
and instead utilize the DB "ControlNodes" as a centralized data hub for process commands and status. Any customer
specific control module blocks can be programmed in a way, so that the commands and status are placed in the DB
“ControlNodes".
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Signal Flow

Software Unit .s
Global , .
UnitEms Units
v emFeedback{0] v status
= isLinked . acknowledgeActive
s ¥ commands L} alarmsDisabled
L reset = safenReleased
L} start = » simulation
. stop = » speciaifunctions
L] hold ® » mode
s unhold = ) state
= suspend
= unsuspend
L abort
L clear
B complete
L stateComplete
Software Unit .B
e —

v em
= v interlinkMode

- link
3 & g
LUC_InterlinkToParent ®  islinked
- linkEnabled
- unlinkEnabled
t s v command:z
* LAF Controll - acknowledgeActive
CallEqutpment = Em B alarmzDizabled
Code: = cafetyReleased
Code: IsLinkedToParent? s ) zimulation
Call Sensor CMs <«———  YES: Take unit mode / state y | * ) specialFunctions
MapUnitStatusToSequence. NO: Take EM direct Mode/State < Direct ! » > mode
Select Job ‘ Control /< . ) st
Call Sequence i
Call Actuator CMs
Status Collection
s AW e
| ControiNodes
o
Sequence s ¥ interinkMode
= link
‘E‘il—l—\ o
Operated depending on current mode / @ :—:j E:;;j [fj : :::::u
state and additional customer specific ———» { : i
conditions (e.g. through job selection) = ¥
T L] acknowledgeActive
- alarmzDizabled
~ o g L] safetyRelessed
/ & = // SIS / » [ simoletion
= » specialfunctions
s » mode
‘ a ) state
b em
» sequence
» cmDummyi
/’ » cmDummy2
7 » cmDummy3
/ » cmDummys

e

& -

[
t‘ iconmuodni

(e.g. LBC_AxisControl)

Figure 10-1: Signal flow in an equipment module
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10.2. Interfaces and blocks

The main responsibilities of the equipment modules include:
e embedding the process logic into the system structure

e interface to the hardware level

To achieve these functionalities, the following settings and blocks are available in the folders that represents an
equipment module:

Program blocks

Also at the equipment module level, the general program architecture is based on the description in the chapter Program
structure. In order to clarify how the individual blocks work at the equipment module level, the following section will take
a closer look at the individual program blocks of an EM.

= [E&] 11_Em1_Template_LAD
48 Eml_Main [OB1011]
4 Em1_Startup [DB1010]
3 Em1_CollectAlarms [FC51]
3 Em1_StepToString [FC25]
3 Em1_CallEquipment [FE29]
3 Em1_Sequence [FB118]
@ Em1_aAlarms [DB119]
@ Em1_Config [DB51]
@ Emi_ControlNedes [DEGO]
@ Emi1_Hmilnterface [DB47]

Figure 10-2: Program blocks of the equipment module

OB Startup (Em)

Within the OB “Startup” of the EMs the configuration of the reference designator and Axis data are set.

OB Main

In OB “Main”, FB “CallEquipment” is called, which contains the call of all further blocks and code. All data from outside the
own folder, e.g. from “Global” is handed over via the interface of FB “CallEquipment”. Data within the own folder is not
handed over via the block interface, but handeled inside the block directly by using direct data block access.

DB Alarms

Contains alarms that can be configured by the used. They are evaluated by FC “CollectAlarms”.

DB Config (EM)

The DB “Config” contains all configuration data of the EM and underlaying modules. That includes the configuration data
of the em reference designator, axis and control modules. Configuration is usually set once during commissioning and
not changed during operation of the machine. By saving this DB (e.g. export), the configuration of the EM has been
stored and can be easily imported in a new PLC.

DB ControlNodes (EM)

The DB “ControlNodes” hosts the runtime data of the EM itself, the sequence as well as the job data and variables to
control and monitor the CMs.

DB Hmilnterface

At the EM level, all commands to and from the HMI are passed through the DB “Hmilnterface”. It contains the same
objects as stored in the DB “ControlNodes” but provides the HMI interface values for these objects.
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FC StepToString

The function “StepToString” converts the integer value of the sequence steps into string variables. That increases the
readability. The function must be adjusted for each sequence according to the defined steps and step names.

FB Sequence

The main purpose of the EM level is to integrate the process logic. The FB “Sequence” hosts the sequential logic of the

module.

FB CallEquipment performs the followings actions

¥ Block title: CallEquipment
P This block contains the logic and futher calls (e.g. sequences, control...

Network 1: BLOCK INFO HEADER

Wetwork 2: DESCRIPTICN

Network

w

AMAAAAAAAAANANY Equipment CONTEol *AAAMAAAAAAALNAANAAAAANNLA
Network 4: Interlink EM to Unit

Network 5: Control EM

Network 6: AXKAEXAARAARARX Control Modules (Sensors) *AAXxXdAAKLAXAAEAAAL
Network 7: .....
Network 8: AXKAXRAANNAXKSX Equipment Logic AAFAAAAAKAAANAXXXAAAKKKRRAN

Network 9: Link Unit Status to Sequence Mode

Network 10: Define Special Functionalities

Network 11: Select Job

Network 12: Set EM to initialized

Network 13: Call Sequence

Network 14: Update EM Relations

Network 15: AXk¥ANkXRAANERA* Control Modules (Actuatorsg) *AAAAREAAXNNAKEANAX
Network 16: Reset (M3

Network 17: Enable/Disable CMs

Network 18: Enable/Disable CMs ManualControl

Network 19: Call CM Positioning Axis (LBC_AxisCtrlBasic)

Network 20: Call CM Synchronous Axis (LBC AxisCrrlBasic)

Network 21: .....

Network 22: A%asasas%A%x4%4 Alarms and EVents *AMAkassakadsdnax sk kad AAREXARAAY
Network 23: (Collect Rlarms

Trigger Commands from Events

Network 25: .....

Nemrk 261 AAARAAAA AR AR AR Feed.bﬂck to Uﬂ.it AAARAAAR AN RN AN A AR AR AR AR AR AR
Network 27: Summarize Commands from Alarms and Events

Network 28: Determine StateComplete (SC) in Mode Production

Network 29: Determine StateComplete (SC) in Mode Maintenance/Manual

T v W v w W W W W v v v v v w v v Ww Vv wv v v Vv wv w v wv v w w

Network 30: StateComplete (5C) Summary

Figure 10-3: Content of FB “CallEquipment” based on the example of Em5 Motion Demo
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Block Info Header

This header is part of code2Docu, it serves as a quick reference for users to identify the block’s basic properties and
version tracking.

Description

This network provides a more detailed textual explanation of the block's functionality, purpose, and implementation
details. It serves as comprehensive documentation that would typically include detailed explanation of the block's
purpose, summary of its functionality, description of inputs/outputs and their purposes, special considerations or
operational notes references to related documentation or standards, dependencies on other blocks or systems, usage
instructions for maintenance personnel. This network does not contain executable code but is essential documentation
element that help users understand the purpose and functionality of the equipment module before proceeding to the
actual implementation code.

Interlink EM to Unit / Control EM

Before using the current unit mode and state, the EM evaluates if it is currently linked to the Unit or if an unlink command
has been set on the HMI or from the DB “ControlNodes”. This is handled by the “LUC_InterlinkToParent” block. If the EM is
unlinked, the Unit Mode and State can be simulated with the “LAF_ControlEm” block.

Control Modules (Sensors)

These networks are calling the CMs that evaluate the sensor values of the equipment module. The sensors and actuators
are separated to always have the newest values within the PLC cycle. The actual input values are evaluated, then
processed in the program and used to update the CMs of the actuators

Map Unit Status to Sequence Status

This network calls a function to set preconditions for the jobs and the sequencer of the equipment module based on the
current unit mode and state. For instance, when the manual mode of the unit is enabled, the job and sequence
management are set to manual mode as well. Additionally, the block has input bits to define the behavior of the job
management within different unit states. Each input therefore gives the possibility to configure if the current job should
be interrupted while the unit changes to the specific state or not. If the input signal is true, the job will be interrupted if
the specific unit state is activated.

Select Job

To separate the functionality of the EM a Job Management is added. Via several “LAF_SelectJob” blocks a function is then
triggered during runtime. A detailed explanation is following in the chapter Job .

Set EM to initialized

This network is used to show an example of how the status variables of the equipment module could be processed. There
are also additional status bits which could be processed within this network or in additional networks.

In this example here, the equipment module is set to initialized, if the initialization job has been completed. Other jobs
could take that status as precondition for their own execution.

Call Sequence
After the evaluation of the job which should be executed the Sequence is then called. In this case a S7-Graph sequence.
The process of the step sequence is structured according to the job management.

Reset CMs / Enable/Disable CMs

The general evaluation of whether and when the CMs are reset, enabled and disabled takes place before the CMs are
called.

Control Modules (Actuators)

As mentioned after processing the step sequence the output of the actuators are evaluated with the specific CMs.

Determine StateComplete (SC) in Mode Production / Manual / StateComplete (SC) Summary

After the process logic and hardware have been processed, the feedback from the EMs is output. This is done by analyzing
whether the conditions are met in production or manual mode to send a State Complete to the unit.
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Collect Alarms

Any event can be assigned to an alarm within the collect alarms function. This specific alarm is mapped to a reaction for
the unit (e.g. abort, stop, hold). More information on the process diagnostic within the AF is given in chapter Diagnostic
Concept.

Trigger Commands from Events

Not all events need to trigger an alarm but trigger a command. Therefore, the user can define their events that trigger a
command to the unit without being assigned to an alarm.

Summarize Commands from Alarms and Events

This block derives commands from alarms and events. These bit alarms are processed and generate the corresponding
reaction (e.g. abort, stop, hold). These are handed over as commands to the status collector.

Determine StateComplete (SC) in Mode Production / Manual / StateComplete (SC) Summary

After the process logic and hardware have been processed, the feedback from the EMs is output. This is done by analyzing
whether the conditions are met in production or manual mode to send a State Complete to the unit.
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10.3. Hmi Screen

The equipment screens are fully customizable and should be tailored to the specific requirements of each machine. In this
demonstration, simplified example implementations are provided for the following Equipment Module: EM Motion Demo.

Unit 1 - EM5 Motion Demo

|: Axis Control Basic |: Axis Control Basic
AxisSimpleCtrl AxisSimpleCtrl
FB enabled FB enabled
Homed | Axis control Homed | Axis control
Error .Fa|se m Error .Faise m
Current lob
Velocity ~ Position ' Velocity  Position . o ; 0 o
1 Jog forward [ Jog backward|
0.00 2.34 0.00 234 o fog Current Step
0
Initialized _ State Manual i
Complete

9 9 ¥
hT

Figure 10-4: Equipment screen of EmMotionDemo

The equipment screen includes several faceplates that allow manual control and monitoring of key functions:
e Jobs

e Sequence

e Linking state, and—if the EM is unlinked—simulated unit mode and state.

e Control Modules

The faceplates for controlling sequence, jobs, and linking state can be accessed by pressing the hand icon located at the
bottom-right corner of the screen. This action opens a popup window, as shown in the following figure:

i
[ o)
. w W |
_ i
(e ] |
m m m @ Manua! Contoot Enabied
g od ing Made [ b sanHaled
O duamasic | 00 el 0 stephctive
“ m E @ Sigiesics | @ smpcior @ sirCompinc

0 IritRequied ) stepChangeiel

Figure 10-5: Manual Control Faceplates of the EM
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10.4. Interlink to unit

The AFgasic has the possibility to link and unlink equipment modules from the assigned Unit. This can be useful during
commission, when not all EMs should be integrated yet. Another use case is, that some machine could have redundant
EMs and the machine offers the possibility to take some EMs off, for maintenance or due to lower needed throughput,
e.g. a redundant infeed system.

If an EM is linked to the unit, the EM applies the unit mode and state and follows the unit.

If an EM is not linked to the unit, the EM does not follow the unit and doesn’t apply the unit mode and state. It is
disconnected from the unit and can be operated directly. If the EM if unlinked, the unit will not take the EM feedback into
consideration. The unit ignores the EM.

¥  Network4: Interlink EMto Unit

P This block links and unlinks the EM from the unit. The command to link/unli...

"LUC_InterlinkToParent”

EN ENO
linkConfig #emFeedback.is
164214 — ynlinkConfig isLinked —iLinked
#unitStatus.  =cument
state State
“Em5_Hmi

Interface”.em.  —=hmi
interlinkMode __ |nterface

"EmS5_Control
Nodes".em. J
: =local
interdinkMode Interface

Figure 10-6: Interlink functions of an EM

The function "LUC_InterlinkToParent" allows the EM to link or unlink from the unit internally using the inputs "link" and
"unlink". Additionally, the operator can also establish or remove the connection through the hmilnterface by The DB
“Hmilnterface” or from the DB “ControlNodes”.

The process of linking or unlinking is only possible when the parent, the Unit that contains the respective equipment
module, is in a certain active state. The "linkConfig" and "unlinkConfig" inputs allow the user to decide which states can be
enabled for linking or unlinking of an EM, respectively. Each state is represented by a bit inside the configuration, and the
OMAC enumeration is used for this representation (bit 0: Undefined; bit 1: Clearing; bit 2: Stopped; etc.). The default
value of these configuration parameters is 16#214, which enables the states of Idle, Stopped and Aborted for both linking
and unlinking of an EM.

Link an Equipment Module to a Unit:

Connect a logic to the input link or send a link command from the HMI or from DB “ControlNodes”.

Unlink an Equipment Module from a Unit:

Connect a logic to the input unlink or send a unlink command from the HMI or from DB “ControlNodes”.

10.5. Direct control

The function “LAF_ControlEM” evaluates if the EM is linked to the parent. If it is linked, it takes the “unitStatus” input and
copies the values to the output “unitStatusUsed”. That variable is used in the further logic of the EM. So, in case the EM is
linked, it fully applies the unit status to the EM.

In case the EM is not linked to the unit, only acknowledge from the unitStatus is applied to the EM. The mode, the state
and special functions can be controlled directly by the “locallnterface” if “enModeStateCtrIByLocal” control interface is
enabled or by the operator through the “hmilnterface” if “enModeStateCtrIByHmi” control interface is enabled. That means
that any mode, state and special function can be given to the EM. In case both control interfaces are enabled, local
interface has priority than HMI. There is no state machine in the EM, so no automatic mode, state or special function
transitions are possible, the order of going through the states is completely flexible.
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With the direct EM control, it can be easily tested if the EMs perform the right jobs and tasks in the respective states. E.g.,
you can apply the state resetting and test the logic executed in that state.

¥  Network 5: Control EM

P When linked, unitStatus is fully applied to unitStatusUsed....

“LAF_ControlEm"
EN ENO

unitStatus
Used — #statUnitStatus

nemFeedb;ck.is
Linked — isLinked

enModeState
true — CtriByHmi

enModeState
true — CtriByLocal

#unitStatus — = unitStatus

"EmS_Hmi  =hmi
Interface”.em — Interface

"Em5_Control  =local
Nodes™.em — |nterface

Figure 10-7: Direct control function of an EM

10.6. EM - EM link

The EM within a unit exhibits interdependency in their processing workflow. Consequently, an internal signal exchange
mechanism can be implemented among the EMs. The DB 'Unit#Ems' serves as the central repository for this signal
exchange process. The interfaces between individual EMs are encapsulated within the "emRelations" data structure. The
figure below illustrates the DB structure used for the implementation of the "emRelations”

4] = ~ emPRelations Array[0.."U1_NO_OF_EMs"] of "typeEmPRelations”
| 8 ¥ emRelations[0] “typeEmRelations”
e | - readyToReceive Bool

< L readyToDeliver  Bool

<1l L received Bool

<2l = delivered Bool

- = handOverActive Bool

| 5 » emRelations[1] “typeEmRelations”
a1 = p emRelations[2] "typeEmRelations”
<20 =} emRelations[3] "typeEmRelations”
<2l = p emRelationsz[4] "typeEmRelations”
<10 = b emRelations[5] "typeEmRelations”

Figure 10-8: Structure of EM Relation signals

This structure is used to transfer signals between an EM and its corresponding EMs in a sequential production process. It
receives components from the source EM only after the source EM has completed its part of the production. Upon receipt,
it processes these components before delivering them to the destination EM. Depending on its operational state, it
activates signals such as "readyToDeliver" to the destination EM and "readyToReceive" to the source EM. Counter EMs can
respond to these signals by executing Delivery jobs when the destination EM is ready to receive and executing Receiving
jobs when the source EM is ready for delivery. This approach enables EMs to synchronize their workflows, ensuring that
each module processes its designated portion of the production sequence before forwarding the partially completed
component to the next downstream EM.

Additional signals play critical roles in this signaling framework:

e received: This signal indicates whether the EM has successfully received parts from its predecessor. It ensures that
processes can adapt based on whether the requisite materials are available.

e delivered: This signal informs the system that parts have been successfully delivered to the next EM. It allows
downstream processes to initiate once confirmation is received, ensuring a smooth workflow.

e handOverActive: This signal indicates whether the handover process is currently active. It helps coordinate the timing
and control flow during the transfer of parts between EMs, preventing conflicts and ensuring that the process adheres
to operational protocols.
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The figure bellow demonstrates the operation of “emRelations” between two Ems.

#instiob
o cal Production
m a
Equipment_DB". WFB1
instiobHoming. _LAF_Selectiob
jobStatus. gemRelations. -
s EN ENO
completed readyToReceive .
JobStatus
l I { }— Configem.
reference  parent
Designator.  peference
Erie Gl combined _ pesignator
m5_Ca
Equipment_DE".
instiobProduction.
jobStatus. = - =
completed i (R TR
it FALSE = singleCyclelob
L8 ControlNodes.em.
status.initialized
“Ems. Call | : interlock
Equw’pme_rﬁ_DB'.
insticbProduction.
jobStatus. semRelations Ccmr-oINDr.je:.:m
cempleted readyToDeliver EntnySwitch.
#statUnitStatus. MORItarng. #emRelations.
1 1 { ; 3
1T { — state.execute processValug readyToDeliver
{ | { | i | startCondi
2T nten‘ace.;aEs =hmilnterface
Network 15: ""*"*"*"=***r=* Control Modules (Actuators) "= " TR venew 6 ControlNodes.
jobs =jobs
Network 16: ResetCMs

Figure 10-9: Example of EM — EM link application

Demo Em above updates the counter Em regarding the Em relation status. Depending on the application, the Em will
update the counter Em to indicate that it is ready to receive or deliver material (1). Additionally, the Em will utilize this
status from the counter Ems as conditions for selecting jobs (2). This applies in cases where an Em is executing a specific
task that ultimately requires handing over to a counter Em for further processing.

10.7. Job Control

To achieve a modular behavior of the EM, the different functionalities that could be provided by the equipment are
separated into different Jobs. A job could be e.g. the initialization of the EM or a part of the production process, such as
the transport of a produced object towards the next EM. The handling of these jobs is made by FB “LAF_SelectJob”. It
provides the control of one job that the EM could execute. Therefore, every job that was defined for the EM must have its
own “LAF_SelectJob” instance and a specific number (Job Number) in the user constants of the EM.

When the startCondition input of the FB "LAF_SelectJob" block is activated, the assigned jobNumber is transferred to the
EM sequence, and the corresponding job branch is initiated. Each job comprises a comprehensive set of steps designed to
execute a specific function. During these job steps, the interaction with the Control Module (CM) occurs, facilitating the
required operational sequence.
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start e
—l I— LAF_SelectJob
Job 1 e ﬁ Sequence
Idle
start '{,; ——J
—I LAF_SelectJob II JobID |I
Job 2 1 l l
start ik Job1 Job 2 Job 3 Job 4
—| |— LAF_Selectiob __— ‘f,.r \/ﬂ
Job 3
start #'PB
_l I_ LAF_SelectJob

Job 4 EM

Figure 10-10: Job Management of an EM

When using the block, the defined job number must be linked to the instance and it must be defined whether the job is a
singleCycleJob or not (True = job is executed once when the startCondition is fulfilled, False = job is executed cyclically
when the conditions at the startCondition input are fulfilled). Additionally, the parentReferenceDesignator of the EM
could be connected to include the blocks into the diagnostic concept of the AFBasic.

#instlobStarting

Y%FB1
_.LAF_Selectlob
EN ENO
readyToStart — =lxe
Config.em. e
re_ference parent sta nlnterlocged Bl
Designator. | peference active —i5l:e
combined Designator completed —falze
10 aborted —fElse

_JOB_STARTING —| jobMumber
TRUE — singleCyclelob
TRUE —interlack

#otatUnitstatus.

state.starting

I I startCondition

Hrmilnterface jobs =hmilnterface

ControlNodes.

sequence =Lequence

Figure 10-11: Call of the FB “LAF_Selectiob”

The interlock input prevents the execution of the specific job. An interlock could be e.g. a mechanical reason why the job
should not be carried out. E.g. the job of moving a robot to a transfer station could be interlocked when another robot is
at the same transfer station. This prevents a collision between the two robots.

The startcondition is the process condition, that is used by the program to start a job.

The hmilnterface In Out allows the operator to interact with the Job control of the EM, it consists of two primary
members namely: commands which allows the user to manipulate the jobs by setting a Job number to be executed when
the EM is unlinked from the unit, and status enables the job status of the EM to be visualized on the HMI through a sub-
member activeJobNumber the current active job number can be visualized, and manual control status on the jobs

Entry ID: 109987391 | V2.2.2 | 10/2025 © Siemens 2025 | 166



Equipment modules

through the sub-member manualControlEnabled. The sequence InOut will then transfer the data to the specific points
within the PLC to share the sequence information through DB “ControlNodes”.

In addition, the status of the job is available for use on the output interface of the block through:

e readyToStart - When not in manual mode: Ready to start when startCondition and interlock are true and When in
manual mode: Ready to start when job is selected on the hmilnterface. startCondition and interlock irrelevant in that
case.

e startinterlocked - Job could be started but interlock is FALSE.
e active - Job is currently active in the sequence.
e completed - Job has been completed and no other job has started. As soon as another job starts, this variable is reset.

e aborted - The sequence has been initialized while this job was active. Thus, the job was interrupted and was not
completed. As soon as another job starts, this variable is reset.

10.8. Sequencers

There are Two different types of sequencers available in the Automation Frameworksasic. Depending on the requirements,
a LAD or SCL sequence can be chosen. Both sequencers are implemented with at least one template and one example
implementation. The exact difference between the implementations is explained in the next chapter. The
Implementations can be found within the Group folders that are shown below.

[£z] 09_U1_unit)

rE_, 10_Em0_General

[£z] 11_Em1_Template_LAD
[£z] 12_Em2_Template_SCL
[£] 13_Em3_Exarnple_LAD

- v v v w v

[£z] 14_Em4_Example_SCL

Figure 10-12: Group Folders that contain the Template and Example EMs

The structure of the different equipment modules is all based on the explanation given earlier in this chapter. The only
difference is the Sequencer and the Jobs. Each sequencer follows the concept introduced in the Job chapter, where the
individual functions of the EM are divided into jobs. To provide the general function of the sequences and to implement
the architecture without further programming effort at the EM level, the Automation Framework Basic offers the
possibility to use a control and a monitor FB for each of the two programming languages mentioned above.

LAD

Within the function block of the sequenecer, two extra blocks, FB “LAF_ControlLadSequence” to the permanent pre-
instruction network and sets the sequence mode, initializes, holds and changes the sequencer to single step mode.
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The following figure shows the call of the block with the connections that must be made to map the signals of the DB
“Hmilnterface” and DB “ControlNodes” to the function block.

- Network 21: Sequence Status - Network 21: Sequence Status
#instSequence #instSequence
Status Status
%FB94 %FB94
_.LAF_StatusLadSequence _.LAF_StatusLadSequence
EN ENO = EN ENO =
Config.em. Config.em.
reference parent reference parent
Designator. Reference Designator. Reference
combined Designator combined Designator
Hmilnterface. Hmilnte rface.
sequence =hmilnterface sequence = hmilnterface
ControlNodes. ControlNodes.
SBQUeNce — =caquence SEqUeNce — —=zequence

Figure 10-13: Call of the FBs “LAF_ControlLadSequence” and “LAF_StatusLadSequence”

SCL

The concept of sequence and job handling also covers the SCL programming language. The implementations of LAD and
SCL is similar, as can be seen on the figure below. The interface connection for SCL is therefore the same as the one
shown for the LAD blocks.

RECICN Segquence control

// General control of the sequence
#instSequenceControl (hmiInterface := HmiInterface.sequence,
sequence := ControlNodes.sequence);

END REGION Sequence cont rol

HRECION Steps
REGION Status updates
EEGICN Sequence Status
// Update the status
#instSequenceStatus (parentReferenceDesignator :=
hmiInterface
sequence :=
Sequence Status

Config.em.referenceDesignator.combined,
:= HmiInterface.sequence,

ControlNodes. sequence) ;

END_REGION

Figure 10-14: Call of the FBs “LAF_ControlSclSequence” and “LAF_StatusSclSequence”
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Post Processing

The data structure of the Job control and the provided sequencers allow us to include additional information, which is not
already handled by the sequence blocks. Therefore, the equipment modules of the Automation Framework include two
additional networks for the purpose of post-processing status information related to the job and sequence execution.
These networks are called below the status blocks of the sequence. The following picture shows the call of the helper
functions that provide additional information. The function “StepToString” just converts the step number into a string.
Therefore, the block is called for the current, previous and next step.

- Network 22: Output steps as String
9FC21
StepToString
EN ENO
ControlNodes. ControlNodes.
seqguence.status. sequence.status.
cumrentstep step cumentStep
Ret_Val STRING
9FC21
StepToString
EN ENQ =i
ControlNodes. ControlNodes.
sequence.status. sequence.status.
previousStep step previousStep
Ret Val STRING
9FC21
StepToString
EN ENO ———
ControlNodes. ControlNodes.
sequence.status. sequence.status.
nextStep step  Ret Val nextStepSTRING

Figure 10-15: Call of the functions for additional information of the jobs and sequence

10.9. EM-Template / Example

Technical description

The template and example equipment modules are blueprint EMs that show the main structure and interface and can be
used as a base to create own equipment modules. Within the Automation Frameworksasic there are different Template
equipment modules provided depending on the programming language of the whole unit, the EM and the sequence of
the module.

The use case of the two EMs differs as follows:

e Em_Template: Contain only the mandatory blocks and calls. They are the base to start own equipment modules. One
template for each programming language.

e Em_Example: Contain a basic example of an equipment module. Each Em_Example contain four CMs and implements
one sequence example. All Em_Examples are designed to execute the same use case such that the user can easy
compare the different implemtation in the different programming languages.

Architecture

The basic structure of the EMs (like described in chapter Interfaces and blocks) is also adopted in the structure of the
example and template EMs. To get an overview of the differences between the individual EMs the following table shows
their content:
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Folder Description

U1_Unit1 Programmed in LAD

EmO_General Programmed in LAD

Em1_Template_LAD General logic programmed in LAD; sequencer programmed in LAD
Em1_Template_SCL General logic programmed in LAD; sequencer programmed in SCL
Em3_Example_LAD General logic programmed in LAD; sequencer programmed in LAD
Em4_Example_SCL General logic programmed in LAD; sequencer programmed in SCL
Em5_MotionDemo General logic programmed in LAD; sequencer programmed in LAD

Table 10-1: Overview about the template and example EMs

The EM Template could be used to start an own individual equipment module while maintaining the structure of the
project. In addition to the template EMs, the example EMs provide a more use case specific program with representative
CMs (2) and a sequence. The enhanced program of the function block “CallEquipment” is shown in the following figure.
Notice that the template EMs have no representative CMs (1) since it is just a template.

» Block title: CallEquipment P Block title: CallEquipment
Network 1: BLOCK INFO HEADER Network 1: BLOCK INFO HEADER

Network 2: DESCRIPTION Network 2: DESCRIPTION

Network 3: Ax#&xaxxaaxxa2d Equipment CONTIOL AAFATAREAXAINKRRAXNARAXENS Fetwork 3: aasasssansasasrs Equipment Control AAKSEAXEA&EEauaadssns
Network 4: Interlink EM to Unit Network 4: TInterlink EM to Unit

Network 5: Control EM Network 5: Control EM

Network 6: *akaasksisiiss Control Modules (Sensors) *#%satddtskasdssts Hetwork 6: ##*asssusssssis Control Modules (Sensors) *%4&tsisskises
Metwork 7: .. ... Network 7:

Network 8: asddaawssidvast Equipment Logic MARAMERAARARARARARERRRRIRE Network 8: PAKARANRRRAA RN Equipment Logic SANKAERAATAARNARKARANARN
Network 9: Link Unit Status to Sequence Mode Retwork 9: Link Unit Status to Sequence Mode

Network 10: Selsct Job Network 10: Select Job

Network 11: Set EM to initialized Network 11: Set EM to initialized

Network 12: Call Sequence Network 12: Call Seguence

Network 13: tassssasssnssss Control Modules (Actuators) stssastasssifss Network 13: #Asasassansstss Control Modules (Actuators) fstsxssarifks
Network 14: Resst Network 14: ...
Network 15: Enable Network 15: ANAALNNALANRANS ATarms and EVERLSANARARA L AARERARA R AR R AL

Hetwork 16: Disable Network 16: Collect Alarms

Network 17: Enable/Disable (Ms ManualControl Retwork 17: Trigger Commands from Events
Network 18: Call (M Dummy 1 (cmDummy) Network 18:
Network 19: Call CM Dummy 2 (cmDummy) Network 19: AAKARARRI KR AR Fepdback To Unit A¥AArasdhasadhasihads
Network 20: Call CM Dummy 3 (cmDummy) Network 20: Summarize Commands From Alarms and Events

Network 21: Call M Durmy 4 (cmDummy) Network 21: Determine StateComplete (SC) in Mode Production

v v v v v v v v v ¥wv wv|lvy v v v v v v v v v v w

Hetwork 22: Retwork 22: Determine StateComplete (SC) in Mode Maintenance/Manual
Network 23: ANREAKNRANAAAAN Blarms and Events Atssnadianisasaiaflysaanay Network 23: StateComplete (SC) Summary

Wetwork 24: Collect Alarms é

Network 25: Trigger Commands from Events

Network 26:

Network 27: A4tasassishisss Feedback to Unit *AASAERMAKEEARERAARARARLS

Hetwork 28: Summarize Commands from Alarms and Eventa

Network 29: Determine StateComplete (SC) in Mode Production

Network 30: Determine StateComplete (SC) in Mode Maintenance/Manual

v v vy v v v v wv v[¥ ¥ ¥ v v v v v v ¥v]¥v v v v v vy v vwvwvw

Network 31: StaceComplete (SC) Summary

Figure 10-16: Comparison of a Template and Example EM
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The dummy CMs (2) are used in the FB “Sequence” to show how to build a sequence. In the sequence block, the steps of
the respective jobs are programmed, as well as the conditions for the individual steps. Each job is divided into different
steps. A step represents an action in the process e.qg. filling water or moving a motor. In the example the jobs and the
steps are more generic, because of their purpose. A fully programmed sequence can be found in the Demo EM of the Unit
(chapter EM Demo Implementation — Motion Demo). The figure below shows the generic structure of an individual step.

» Network B:  *#*##*sssssssss |08 PRODUCTION *++#%###stksssssbbsnssnns
w  Network 9: STEP 201 Run Move Position

Move to position 2.

“EmS_Control

. "EmS_Control “Em5_Control
Nodes".

Nodes”. Nodes".cmPos
sequemce.sstatus. sequence.status. Asis.commands.
currentstep segActive MOVE posAbsolute

== I ] | N
Dint [ 1T EN —( s )—|
201 "Em5_Config".pos )

#STEP_RUN_201 SetpointA — py Em5_Control

Nodes".cmPos
Axis.command
Configuration.pos

] Absolute.position

“Em5_Control
Nedes".cmSync
Axis.commands.
posAbsolute

MOVE
EN — —{s
"EmS5_Config".pos
SetpointA — N "Em5_Control
Nodes”.cmSync
Axis.command
Configuration.pos
= ouT Absolute.position
"EmS_Control "Em5_Control “Em5_Control “EmS5_Control
Nodes®.cmPos Nodes".cmSync Nodes".cmPos Nodes”.cmSync
Axis.monitering. Axis.monitoring. Axis.commands. Axis.commands.
posAbsoluteDone  posAbsoluteDone posAbsolute posAbsolute MOVE
1| ] 1 IR} IR}
11 11 {R} {R} EN —
seTED BN %0% "Em5_Control
#STEP_RUN_202 IN Modes .
sequence status.
2 OUT1 nextStep

Figure 10-17: Example for generic programming with step structure (Em5)

Interface function description

The DB “Config” provides a centralized point where the reference designator, axis and CM configuration can be made.
Furthermore, the interface of this EM is distributed to the DB “ControlNodes” as well as the DB “Hmilnterface”. The DB
“ControlNodes” hosts the runtime data of the EM itself, the sequence as well as the job data and variables to control and
monitor the CMs. At the EM level, all commands to and from the HMI are passed through the DB "Hmilnterface”. It
contains the same objects as stored in the DB “ControlNodes” but provides the HMI interface values for these objects.

10.10. EM General

Technical description

The equipment module contains General Functions, checks and logics that is needed in the entire unit. It can include
general releases and system wide functionalities, like air pressure and power handling as well as reactions to events.
Architecture

The architecture of the EM General is derived from the general structure, which was already explained at the beginning of
this chapter General structure. Because there is no sequential process within this EM, there is no FB “Sequence”. The
architecture of FB “CallEquipment” also follows the generally presented one. Within this function block the
implementation of functionality can be seen in the following points:

¢ Interlink; the EM General always remains linked to the Unit.

e General Releases; Includes information of general fuctions like the feedback of circuit breakers or power supplies are
evaluated.

e Control modules; Different CMs like the stack lights are part of the general functions.
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Interface function description

The interface of this EM is distributed between DB "ControlNodes" and DB "Hmilnterface."” The "ControlNodes" database
provides signals regarding the status of the EM, including interlink mode, commands to the EM, and status information.
Additionally, it includes variables representing the status of the control modules (CMs) and linked hardware, such as fuses
or the state of the pressurized air, which are processed within the general releases.

In contrast, the DB "Hmilnterface" database contains only EM information but is supplemented by the alarm status of the
EM and the User-Defined Type (UDT), enabling direct EM control through a simulated unit status.

10.11. EM Demo Implementation - Motion Demo

The equipment module “Motion Demo” is an example of how to implement motion tasks.

In motion control systems, the motion program coordinates the movement of mechanical axes through a structured
execution cycle. The motion commands define the desired movement, including positioning, speed, and trajectory. Each
motion cycle processes the current command, updating the target position and managing the axial movements. Different
types of motion logic are integrated into the control sequence: motion-critical logic handles immediate positioning and
sensor interactions, while supporting logic manages fundamental operations like enabling the system, resetting
parameters, or performing homing procedures. This layered approach ensures smooth and precise motion control,
allowing the system to respond to commands and environmental inputs effectively.

The example implementation contains one type of control module with the following two functionalities:
e "LBC_AxisCtrIBasic” Positioning Axis, to control a Axis for the Positioning Axis.

e "LBC_AxisCrtlBasic” Synchronous Axis, to control a synchronized Axis for the Positioning Axis.

Technical description
The Implementation of the Motion equipment module follows the same technical implementation as the other demo EMs
by separating the OMAC state model from the EM level. To create modular behavior for the EM, various functionalities
that the equipment can offer are divided into separate jobs. A job could encompass starting (Homing) the EM drives or
executing a subprocess of production. The job and sequence management blocks are implementing this separation.
Architecture
The Motion Demo equipment module provides three basic jobs to fulfill the functionality of the module.
e Homing

- Triggered by the OMAC Starting State

- Positioning and Synchronous Axis are homed
e Production

- Triggered by the OMAC Execute State

- Start both the Positioning and Synchronous Axis handled by the “LBC_AxisCtrIBasic” block
e Aborting

- Stop the posAxis and syncAxis and then wait until they are stopped.

The Motion Demo equipment module is as already mentioned including two instances of the FB “LBC_AxisCtrlBasic".
These function blocks are called as usual in the FB “CallEquipment” within the OB “Main” cycle of the equipment module.
Thus, the existing diagnostic and HMI functionalities, which are provided for example by the LBC blocks, continue to be
processed within the application in the standard priority of the program.

Actions that are not critical to performance can be executed as usual in the Sequence of the equipment module, such as
enabling or resetting the axes and the reactions to the global operating mode and states.
Interface function description

The primary interface of the equipment module (EM), its jobs, and the step sequencer is distributed across the DB
"ControlNodes" and DB "Hmilnterface". The HMI component contains commands and monitoring signals that can be
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connected to various operating points. The "Hmilnterface" database includes a specific User-Defined Type (UDT) for EM
control, allowing modification of the interlink mode and monitoring of the current alarm status.

Within the "ControlNodes" database, the interface comprises similar elements to the HMI interface, with the addition of
histories of previously executed jobs or steps, along with various enable signals for jobs and sequences. Furthermore, the
control modules (CMs) also store their interface data within these databases.

Em5_ControlNodes

Name

¥ Static

= T em
L
L
L
sequence

enablehanualCtrl
= enablelManuaiModeChange

interlinkMode
commands
status

} commands

b status

» previouslobs
b  previousSteps
crnPosAxis
CSYNCAXS

fagadadababadd

Data type

“LAF_typeEmControlMode”

"LUC typelnterlinkMode™
"LAF_typeUnitStatus”

*LAF typeEmStatus”™
“LAF_typeSequence”

Bool

Bool
*LAF_typeSequenceCommands®
“LAF_typeSequenceStatus™
Array{0..31] of "LAF_typeJobPrevious®
Array[0.31] of "LAF_typeStepPrevious™
"LBC_typeAxisCtrlBasicNode®

"LBC typefxisCtrlBasicNode”

Figure 10-18: Interface of the Conveyor equipment module.

Entry ID: 109987391 | V2.2.2 | 10/2025

(Y S Y G

RN

&

Em5_Hmilnterface

MName

-

Static

-

em
b interlinkMode
» commands

b status

b alarms

jobs

» commands

b status
SEQUENCE

} commands

} monitoring
cmPosAxis
CMISYNCAXS

Data type

“LAF_typeEminterface”
"LUC_typelnterlinkhMode™
*LAF_typeUnitStatus™
"LAF_typeEmStatus®
“LAF_typeAlarms®
"LAF_typelobsinterface”
"LAF_typelobsCommands®

"LAF typelobsStatus®
*LAF_typeSeguencelnterface”
*LAF_typeSequenceCommands®
*LAF_typeSequenceStatus”®
*LBC_typeAxisCtriBasicinterface®
"LBC_typeAxisCtriBasicinterface”
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10.12. How to add a new EM in the PLC

The following steps need to be performed when adding an additional equipment module. As an example, another
equipment module is added to the U1_Unit1.

e Go to PLC tags and select the Global PLC tag table. Within the User constants Tab the following steps have to be taken.

Global
Mame Data type VEI|L.!E' Comment

] E NO_OF_UNIT: Int ] Highest value of unit (Counting starts fro..
2 = U1_EMO Int o Equipment Module 0
3 B u1_Em Int 1 Equipment Module 1
4 E U1_EMm2 Int 2 Equipment Module 2
5 = U1_EM3 Int 3 Egquipment Module 3
] = U1_End Int 4 Equipment Module 4
7 E U1_EMS Int 5 Equipment Module 5
8 = U1_NO_OF EMs Int !__,?_' [ | Highest Value of equipment modules in t...
) = UNImD1 Int o Unit 1
1 = 6 This is the new EM
]

U1_EME Int

Figure 10-19: Unit1 PLC Tag list

e Increase UT_NO_OF_EMs by 1 so that it shows the highest value of the last equipment module within the unit
e Add a new constant with the name of the additional EM and assign the next possible higher number.

e Copy an existing EM of the AFsgasic that fits the best to the needs. In this case the folder “11_Em1_Template_LAD" is
copied because a new equipment module with a LAD sequencer is needed. Paste it to the project by right clicking on
the Program blocks folder in the PLC project tree and select paste.

e In the new Em Folder, adjust the name as needed.

= |tz 16_Em6_Temnplate_LAD
& Emé_Main [OB1011]
3 Emé6_Startup [OB1010]
3 Emé_CollectAlarms [FC51]
3 Emé6_StepToString [FC25]
3 Em1_Sequence_1 [FB118]
4 Emé_CallEquipment [FBE29]
@ Ems6_Alarms [DB119]
@ Ems6_Config [DB51]
@ Emé6_ControlModes [DB&O]
@ Em6_Hmilnterface [DB47]

~ [iz] Instance DEs
@ Emé6_CallEquipment_DB [DE1]

Figure 10-20: Properties of the new EM

e Open OB “Main” of the new EM and assign the tag that was generated within the PLC Tags of the unit. The tag is
assigning the EM to the array structure of the unit data.
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e Change the interface of the CallEquipment block to the corresponding unit signals.
*  Network 1: Call Equipment

p A==zign the number of the equipment module to a temp for correct array index access....

MOVE

EM
“U1_EME&' M i 0uUTl #tempEM

"Emé_CallEquipment_DB"
"Em6_CallEquipment”

EMN ENQ —
“Unit1".unit["UNITO 1" ]status = unitStatus

"Unit1Ems".emFeedback[#tempEM] = amFeedback
"Unit1Ems".emAlarms [#tempEM] =unitAlarmDB

Figure 10-21: OB Main adjustments

e Copy the PLC tag list from the EM you copied, go to the PLC tags folder and then to the Unit folder. In this case we will
copy the Em1 PLC tag list and paste it in the Unit folder. Adjust the name as needed.

e The template EMs contain two jobs, which can be adapted or new jobs added as required. Job numbers are defined
within the PLC tags of the new EM in the User constants. Also adapt the name of the PLC tag table to match the name
of the EM.

Emb
Marme Dats type  Value | Comment
=l EMB_JOB1T Dint . 1 I for Job1
2 = EMB6_JOB2 Dint 2 1D for Job2

Figure 10-22: EM PLC Tags definition of the Jobs within the User constants tab
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Every Job then needs a “LAF_SelectJob” instance which are called in the appropriate area of the FB “CallEquipment”.
Adjust the names as needed.

Emb_Main [OB1061]

General || Texts |

|

1 General
Informaticn
Time stamps
Compilation Name: |Em6_Main
Prot.ectmn Namespace: |
Attributes -
Constant name: |DB_EmE_Ma|n
: Type: |DB
Il Event class: |Programq-t|e
3
- Language: |LF.D
Number: | 1061
@I\I'Bnual
Dﬂutcmﬂti:
Process image part number

Figure 10-23: Properties of the new OBs

1.

Change the OB numbers of the OB “Main” and “Startup” according to the OB numbering convention presented in
chapter Startup and cyclic

Renumber the rest of the blocks by compiling the PLC and select to solve the conflict automatically, as shown in figure
Figure 10-18: Prompt to solve block numbering

The EM is then ready and can be adjusted to the process that should be fulfilled. Therefore adjust the sequence and
add all control modules that are needed.

In order to obtain a standardised diagnosis within the EM, the Diagnostic Concept can be followed.

Compile (0604:000774)

There is more than one block with the same number in CPU
DP.FRWA1.1.0.000CC1-KEO1. The system can resolve the
conflicts automatically by renumbering the blocks. However,
this means that the following blocks will be reinitialized with
the next loading:

- Unit4.Em1.InstProDiag

- Unit4.Em1.CallEquipment_DB
- Unit4.Em1.Hmilnterface

- Unit4.Em1.Config

- Unit4.Em1.ControlNodes

- Unit4.Em1.Alarms

Do you want to resolve the conflicts automatically?
Yes: The blocks are renumbered by the system.

No: Compilation is canceled. You will need to resolve the
number conflicts manually.

Figure 10-18: Prompt to solve block numbering
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10.13. How to add a new EM in the HMI

1. Go to the Unit in the PLC where the new EM is added and check the array of the new EM. Add it to the textlists in
Unified:

Name Data type Value Comment
1 E NO_OF UNITS Int ] Highestvalue of unit (Counting starts fro_..
2 E UT_EMO Int o Equipment Module O
3 B Ui_Em Int 1 Equipment Module 1
4 E u1_Em2 Int 2 Equipment Module 2
5 E U1_EM3 Int H Equipment Module 3
6 = & ui1_Ems Int 4 Equipment Module 4
7 = (B ul_EmMs Int 5 Equipment Module 5
3 |'_—'_|EI UT_NO_OF_EMs Int 6 Highest Value of equipment modules in t...
o 1 w'n’w I“ o Im' 1
10 | E UI_EMa Int 6 I
Figure 10-19: EM check in the PLC
P L utem ValueiRange E
> L] units ValueiRange

<Add news=

Text list entries

.| Default |value a Text
‘j o General
‘_': O Z Template_LAD
= @ 3 Template_SCL
@ 2 Example_LAD
‘_‘! & s Example_SCL
5 T =~ B LiatiaoDerna
3 @ |7 Main

L

RO T T

Figure 10-20: Adjustment of the textlist in the HMI

2. Add the new screen of the EM to the folder and adjust its properties:

« [ screens
B ~dd new screen
00_Screenlayout

01_CentralFunctions
02_MachineOverview
99_0ObjectsOfProjectLibraryUsed
U1_Unit1
] unit1
Em0_General
Em1_TemplateLAD
Em2_TemplateSCL
Em3_Example_LAD
Em4_ExampleSCL
Em5_MotionDemao
[] U1Em5_MotionDemao
[] V1IEmS5_MetianDemao-L...
] r';i Eoplips
[£z] Ems&_Main

1 U1Em6_Main

ivv v
87 (o [ e (Y

{ v v v v =
! [ [ 7 e [

Figure 10-21: New screen for the EM
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> Miscellaneous

» Background graphic
b Display name
LAl

ol

J Properties || Events || Texts " Expressions
itgEYTe
Name Static value Dynamization (0}

MNone

Mone

Name

EmB&_Main

B )t [
» Offset-top
Screen number

¥ Security

Explicit unlock -enable

Figure 10-22: Adjustment of the properties of the new screen

3. Adapt the loaded event of the Screen:

Properties Events || Texts || Expressions |

e
MNone

|

2T BEHE F X

Click left mouse button e
Click right mouse bu...
fia! Loaded

Cleared

Navigation ShowTitle

EM_Mumber (optional)

Unit_Number (optional}
¥ ChangeScreen

Screen name

Screen window path
¥ ChangeScreen
i Screen name
L Screen window path
¥ GSetTagValue

Tag

Value

Figure 10-23: Loaded events for the new screen

¥ Mavigation.EquipmenthModuleLoaded

Value

5]

6
2

ThirdMavigationEM
~swThirdMavigationEM

SubEm
~iswSubMavigaticn

MainNav
1

The different system functions inside the loaded event refer to:

e ShowTitle : A generic function to show the title in the header.

e EquipmentModuleLoaded: The scripts that tracks the information for the correct visualization of the EM. We have to
write the Number of the EM and the corresponding Unit.

e Two ChangeScreens: to visualize and set the corresponding navigations.

e SetTagValue for the MainNav: to highlight correctly the icon in the Main Navigation.

4. The SubEM and ThirdEM navigations are automatically adapted in the project. There is no need to adapt anything in
the different sub and third navigation as the project provides an “automatic” adaptation depending on the tags
connected to the PLC. Automation Framework provides up to 25 buttons for the units pre-configured.

NOTE

If 25 or less EMs are used, no additional HMI engineering is required.

If more than 25 EMs are used, the user only needs to “copy-paste” a button and adapt the third
navigation it with the number of the equipment module.

5. Save and compile and the new EM should appear in the different navigations.
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11. Control modules

This chapter focuses on the control modules (CMs). It describes the interfaces structures, how the configuration of each
module is handled and the behavior during the manual and automatic control.

The control modules are used to either control the real machine parts or to translate the signals from the machine to the
equipment module.

11.1. Interfaces

The interface of the CMs does follow the PLCOpen, all have at least the input “enable” and the outputs “valid”, “busy”,
“error” and “status”. In the FBs input there are also the commands to execute functionalities and the hardware feedback.
For the project, the control modules of the LBC were used.

More information about the LBC library and the interfaces therein:

https://support.industry.siemens.com/cs/ww/en/view/109792175.

For the ease of use, a special control node version of the LBC is used in the AFgasic. The control node FBs do simplify the
FBs interface by moving the commands inputs to a commands UDT and the outputs to a monitoring UDT. Both,
commands and monitoring UDTs, are within the control node UDT. Additionally, there is also the command configuration
UDT that is used to set the values that will be used for the commands. This simplifies the use of the blocks and a central
data point of the CMs can be used to handle the signals within the equipment module

11.2. Configuration

The control modules in the LBC do have a configuration UDT that is used to configure at least the control modules name
for the HMI and supervision, and whether the supervision alarms should be disabled.

As shown in the chapter Interfaces and blocks, the control modules configuration in an equipment module are stored in
the Config DB. There are two recommended possibilities to configure the DB.

e The first is to set the start value within the DB and shown in the following image:

Config [Unit3.Em2]
Name Data type Start value

4] v Static
2 gl= » em _LAF_typeEmConfi...
3 4= > axis Array{1.._AMOUNT...
4 4= » cmQGylinder _LBC_typeTwoWay...
5 €@l » ¥ cmTempSensor _LBC_typeAnalogl..
6 @ = referenceDesignator Wstring[25] WSTRING# Temperature sensor’
7 4 L] physicalunit String[10] 'Celsius”
38 4@ [ isUnipolarSignal Bool TRUE
2 4@ = default LReal
10 € L limitHigh2 LReal 100.0
11 € [ limitHigh1 LReal 90.0
12 4@ [ limitLow1 LReal -10.0
13 4@ [ limitLow2 LReal -20.0
14 @ u processValueMax LReal C
15 @ L] processValueMin LReal 0.0
16 <1 = scaleAnalogUppPoint LReal 27648.0
17 @ L] scaleAnalogLowPoint LReal
18 4 = scaleProcessUppPoint LReal
19 <@ L] scaleProcessLowPoint LReal 0.0
20 4@ L] dizableAlarms Bool

Figure 11-1 Configuration example: Directly in the DB
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e The second option is to set the values during the Startup OB, as shown in the following image:

¥  Network 2:

AR ST

Axis data

// A3sign axes

Config.axis[l] := _.U3Em2 SpeedAxis;

1
4

100.0;

<

Figure 11-2 Configuration example: Startup OB

The advantage of using the Startup OB is, that the values can be set dynamically depending on other values.

11.3.

Operating modes

The control modules do have a mode for being controlled manually and automatically. Here a manual control is enabled
by the PLC and controlled by the user in the HMI. Using the LBC as an example, the input “enableManualCmds” that allows
the manual control of the CM is only enabled with the variable “#tempManualControlAllowed”, as seen in the next figure:

#instPositioning
Axis
%FB2
LBC_AxisCtriBasic”

EN ENO

frue — enable

#temphanual
ControlAllowed

—

enableManual
— Cmds

_Config .
axis[1]

"Erm5_Config®.cm
PosAxis

"Em5_Hmi
Interface”.cmPos
Axis

*Em5_Control
Nodes".cmPos
Az

axis

=configuration

=module
Interface

=controlMode

Figure 11-3: Enable Manual Commands of the LBC block

Entry ID: 109987391 | V2.2.2 | 10/2025

© Siemens 2025 | 180



Control modules

The variable “#tempManualControlAllowed” is being configured in a network from the CallEquipment FB of any
equipment module, where it will be set/reset depending on whether the unit is in manual mode and whether the unit's
state is a waiting state or not (according to the OMAC Model, manual operation of the CMs will not be allowed in waiting
states, so it will only be permitted in the execute state). This configuration network can be seen in the next figure:

- Network 16:

b Enable the manual control

#statUnitStatus.
mode.manual

Enable/Disable CMs ManualControl

# statUnitStatus,

state.execute
] |1

for the CMs when in mode manual and

state exe...

#tempManual
ControlAllowed

{51}
\SJ

#statUnitStatus.
mode.manual

# statUnitStatus.

state.stopped
11

#tempManual
ControlAllowed

Figure 11-4: Configuration network for enabling/disabling CMs Manual control

#statUnitStatus.

state.aborted
] |

# statUnitStatus.

state.idle
11

{R}
iRJ

When activating the Manual Mode of the LBC blocks both interfaces can control the internal functionality of the block.
The "modulelnterface" is enabled to be controlled via the HMI and PLC internal commands can be used to control the

block via the "controlNode" InOut.

If the "enableManualCommands" Input is not set, the CM is acting in Automatic Control. Therefore, it can only be
controlled via the "controlNode" Input. The "modulelnterface” will not be processed while the automatic mode is

activated.
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12. Motion Control

12.1. General

The S7-1200 G2 motion control (MC) is executed centrally by the Motion-OBs which are located in the folder “Motion”.
The motion control instructions of a technology object (TO) are programmed in the equipment modules that belongs to
the TO from a technology perspective. The following chapters explain the principle of the motion control application cycle
and the use cases of the different Motion-OBs.

System MC OBs: MC_Servo/ MC_Interpolator

When the first TO is added to the S7-1200 G2 PLC, the OBs “MC_Servo” and “MC_Interpolator” for processing the
functionalities of TOs are created automatically. The functionality of the TOs creates its own execution level according to
the application cycle. These OBs are know-how protected, and the program cannot be edited by the engineer.

e "MC_Servo" performs calculations required to control the speed and position of axes.

e "MC_Interpolator" evaluates motion control instrucations, generates setpoints and monitors inputs.

User MC OBs: MC_Prelnterpolator / MC_PreServo / MC_PostServo

The Motion-OBs “MC_Prelnterpolator”, “MC_PreServo” and “MC_PostServo” are not know-how protected and part of the
motion control application cycle (see Figure 12-1). These Motion-OBs consider special requirements regarding time-
critical events and should only be added and programmed by the engineer if need:

e “MC_PreServo” should be used to modify actual values before “MC_Servo”. For example, when using an analog
encoder for an axis.

e “MC_PostServo” should be used to modifiy setpoint values after “MC_Servo”. For example, to link setpoints to a
characteristic line of a hydralic axis.

e "MC_Prelnterpolator" should be used to adjust inputs for the "MC_Interpolator”. For example, to start motion
instructions immediately when a fast reaction or an instant execution for positioning is required.

NOTE L . . "
Standard motion instructions such as “MC_Power” and “MC_Reset” and none-time-critical movement

instructions should be called in the standard program cycle OB “Main” of the equipment module.

Otherwise, the PLC is loaded with too much unnecessary program in the motion control application
cycle which decreases the overall PLC performance dramatically.

Additionally, only add the Motion OBs in the program which are needed.
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Figure 12-1 illustrates the motion control application cycle and the hierarchy of the different Motion-OBs in detail.

n-1 Main n+1
// = M
-
// = T
e ¢Clock &Clock na #Clock
re T
- T
= c | =
oo '5 = L~ ﬁ {2 ey Jc';: = 1 S m
® @ 3% £ o T @ 3% £ o0 T @ EE =g cc T
] |2 279 20 12 2T 5 12 2T 28 =l
o Y= e} =¥ Y= o) =g |¥< o) S | 22
o = =1 = o = O o
< < < <
1 2
Application Cycle "7
=
MC_PreServo
=
=
MC_PostServo

| MC_Prelnterpolator | | |:|
| MC Interpolator | | 1 |

I MC_LookAhead | | @ | @ .
Main @ @ @

® @

“TPA OB Servo" input process image partition

“TPA OB Servo" output process image partition
MC_LookAhead cycle

Main cycle n

CNORORONC)

Main cycle n+1

Figure 12-1: Motion control application cycle and call hierarchy of Motion-OBs
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The folder "Motion” is very lean. It only contains the necessary Motion-OBs (1). The technology objects are configured
globally in the S7-1200 G2 PLC (2). The motion instructions are programmed and called in the respective equipment

module itself.

S r_ﬂ DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DC/DC/DC]

JIY pevice configuration

%/ Online & diagnostics
v |5l Program blocks

ﬂ" Add new block
» [£z] 01_CentralFunctions
» (%] 02_Global

£z 03_Motion
38 MC_Interpolator [OB92]
3 MC_Servo [0B91]

|£z] 04_ObjectsOfProjectLibraryUsed

[£z] 09_U1_Unit1
[£z] 10_EmO_General
[£z) 11_Em1_Template_LAD
[£z) 12_Em2_Template_SCL
[£z) 13_Em3_Example_LAD
[£z] 14_Em4_Example_SCL

[£z] 15_Em5_MoticnDemo

v v v v v v v w

A 4

4+ System blocks
v [ Technology objects
# Add new object

~ [%z] Em5_MotionDemo
» P& PositioningAxis [DB11]
» ¥ synchronousAxis [DB12]

» External source files
» ,r_a PLCtags

Figure 12-2: Contant of folder “Motion” and technology objects

NOTE

In the preconfigured TIA project of the AFgasic, a motion control demo equipment module EM Demo
Implementation — Motion Demo is included. It shows how motion control with a technology object is

programmed in a clear, performance optimized and efficient way.
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12.3. Data exchange between master axis and slave axis in
different equipment modules

GLOBAL

control application cycle

\
\* Motion control data
1
1
1
: (MC_Servo + MC_Interpolator)
1

1 exchange between
TO Axis i @ @ @ @ @ TOs is done by the

|

|

|
MOTION

system via the motion
! The Motion Control (MC) instructions are called in a Control Module (CM). All CMs are called in “CallEquipment”.

Figure 12-3: Program structure and motion control data exchange via motion control application cycle

Figure 12-3 shows the program structure with the use of technology objects in different equipment modules. The
standard motion instructions such as “MC_Power” and “MC_Reset” and none-time-critical movements such as
“MC_MoveAbsolute” or “MC_MoveVelocity” are called inside a block for the control module (e.g. LBC_AxisCtrIBasic as CM 0
in Figure 12-3). Each control module block is assigned to a technology object from type “Axis” (e.g. TO_SpeedAxis,
TO_PositioningAxis, TO_SynchronousAxis or TO_ExternalEncoder).

In gearing or camming applications, these axes need to move in a coordinated way to fulfill the entire movement. Means,
a data exchange for the coupling between these technology objects is required to perform a coordinated movement or to
start the synchronization/desynchronization of master axis and slave axis when certain preconditions are fulfilled. This
data exchange between the technology objects is done by the system of the SIMATIC controller via the “motion control
application cycle” which is provided by the Motion-OBs. The Motion-OBs “MC_Servo” and “MC_Interpolator” are located in
the folder "Motion”.
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But what about the handshake signals to start the synchronization (e.g. “MC_GearIn”) or the desynchronization (e.g.
“"MC_GearOut") of master axis and slave axis? Let's say the master axis is a TO_PositioningAxis and belongs to equipment
module 1 and the slave axis is a TO_SynchronousAxis and belongs to equipment module 2 (see Figure 12-4). Because the
“LBC_AxisCtrIBasic” block is limited to basic motion instructions, the synchronous motion instructions for the
TO_SynchronousAxis must be called in addition for CM 0 in equipment module 2.

Both axes belong to unit 1. The handshake signals are exchanged via the DB “Unit1Ems” in the folder “Global”. It is
recommended to create UDTs for the handshake signals and declare tags based on these UDTs in the DB “UnitTEms".

GLOBAL

synchronization/desynchronization

UNIT 1
EM 1 CallEquipment EM 2 CallEquipment
CMoO

EiratPositonngas FnaSmchiono.skes
]
LB A Crinasic

]
e — gl
LAl T e el
sesinttanak al

g P ————— =
TEMI_Hel e s Snie e — wemoddeimenics “EmS_Hmirmertac” cmSpnekis — wmeduiitarace
"EmE_Comoihoes” SRt AES —— sctamiMig *EmS_ComimiNodes” SmEnekas — wcarmmcibiode

-~
4 - -
+ TO_PositioningAxis = TO_SynchronousAxis I
: {Master) (Slave) :
i
i _ _ Y
I Motion control data exchange between TOs 1
4 is done by the system via the motion contrel application cycle (MC_Servo + MC_ Interpolator) !
L S L —————— e s

Figure 12-4: Data exchange for handshake signals between master axis and slave axis in different equipment modules

NOTE As the handshake signals are highly dependent on the application. The AFsasic does not provide fixed

UDTs for the handshake signals for synchronization/desynchronization between master axis and slave
axis in different equipment modules by default. This chapter explains a general approach on how
these handshake signals can be implemented in a clean and modular way.
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12.4. Technology objects vs. Sina-blocks

Drives can be controlled via technology objects within the PLC or standalone with Sina-blocks. The general difference in
using TOs and Sina-blocks is the location of the control.

When using TOs the position controller and interpolator are in the PLC. The PLC sends control commands as well as speed
setpoint values to the drive. The speed and current control are done by the drive. So, the intelligence is inside the PLC
which offers a greater functionality in terms of gearing, camming and kinematics.

When using Sina-blocks such as “SinaPos”, the position controller and interpolator are in the drive. The Sina-blocks in the
PLC are an interface to send control commands to the drive. The intelligence is inside the drive and limited to
independent axes with basic functionalities like speed control and positioning.

Since both concepts are different, both have different advantages. The following table compares both concepts. The
Advantages are highlighted in green.

Technology object Sina-block

Functionality e Speed control

e Positioning (with EPOS)

Axis quantity Depends on the CPU.

e Up to 10 positioning axes are
supported with CPU1212 CIFC
(typical 4 positioning axes at 4 ms
motion control application cycle)

e Up to 10 positioning axes are
supported with CPU1214 CIFC
(typical 4 positioning axes at 4 ms
motion control application cycle)

Performance e Depends on the CPU and the quantity
of axes.
e Atleast medium impact on CPU
performance.

SINAMICS drives

PROFIdrive telegrams Telegram 1 (speed control)
e Telegram 111, 112 and 113

(positioning via EPOS)

PROFINET IRT Required for servo drives

In Startdrive
e User friendly configuration
e Limited options

Axis configuration

e Limited to “Sina-blocks” and “TO
BasicPosControl” (positioning only)

e Low functionality
o Low flexibility

PLC programming

Usability Medium
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Axis data availability

Motion Control

Sina-block

Diagnostics

Via additional blocks which establish
an acyclic communication to write or
read parameters from the drive

High complexity
High engineering effort

Simulation

Limited to Startdrive trace

Detailed diagnostics only online via
Startdrive

Faults and alarms normally only
available online via Startdrive (with
no additional engineering effort)

Openness | Add-Ins

NOTE

Additional software and licenses
(SIMIT or DriveSim) required

Table 12-1: Comparison of TOs and Sina-blocks

In the preconfigured TIA project of the AFgasic, the EM Demo Implementation — Motion Demo shows
motion control with technology objects only. No Sina-blocks are included in this demo.
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13. Process diagnostics

13.1. General

The Automation Frameworksasic offers a diagnostic concept that allows an efficient localization of faults and errors in the
machine application. Within the TIA Portal we distinguish between “System diagnostics” and “Process diagnostics”.

e System diagnostics are hardware-related and described in the chapter Diagnostics.

e Process diagnostic relate to the machine actions and processes. Bit alarms are created within the PLC program, while
their text and the alarm configuration are handled in the HMI.

Within the Automation Frameworksasic, alarms are configured in both the PLC and the HMI. Each Unit and Equipment
Module will have an alarm DB containing Boolean arrays categorized into errors, warnings, and information messages.
These Booleans will include their trigger logic and a corresponding alarm configuration in the HMI, where parameters
such as alarm text, mode, additional information, etc., are defined.

Subsequent chapters will describe the prerequisites for the HMI and PLC, as well as the process of creating alarms using
the AFgasic concept

NOTE Thanks to its modular structure, the bit alarming method can be adapted with your own
implementation
13.2. Prerequisites

This chapter explains the necessary settings for the PLC and the HMI. The final settings to meet end-user requirement may
differ.

13.2.1. PLC device settings

Central Alarming Activation

“Central alarm management in the PLC" must be activated in the properties of the PLC device. This enables the Alarm
Server on the PLC. Full text messages are generated in the PLC program and then sent to PLC Alarm Server which pushes
the messages to all connected and available alarm clients for example the TIA Portal engineering, the display on the PLC,
or all connected HMIs.

J General || 10 tags || System constants || Texts

b General i

b PROFINETinterface [X1] St dlams

» DI 14/DQ 10 General

b High speed counters (H5C)

» Pulse generators (PTO/PYM} o E Central alarm management in the PLC
Startup
Cycle

Communication load
systern and clock memaory
SIMATIC Memory Ci

Figure 13-1: Activation of the central alarm management in the PLC
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13.2.2.

Multilingual support

Process diagnostics

The default language setting in the Automation Framework is English, but multilingual is supported. To Display the

messages in the correct language:

e Open the project languages Configuration in the Languages & resources folder.

e Select all the project languages you want to add to the project.

Automation_Framework » Languages & resources » Project languages

JDevIces ‘l Plant objects ‘

G

¥ ] Automation_Framework
B Add new device
oy Devices & networks

[iz] Drives

Hubs

| loDevices

¥ Ungrouped devices

g Securitysentings

38 Croszdevice functions
(4§ common data

[5]) Decumentation settings
t@ Languages & resources

(rrryrvrrvrrvrvv~

(( DP.FRWA1.1.0.000CC1-KEO1 [CPU 1517TF-3 PN/DP]

[( DP.FRWA1.2.0.000CC2-KEOT [CPU 1515TF-2 PN]

[ DP.FRWA1.1.0.0000P1-KE20 [MTP1200 Unified Comfort]
|21 DP.FRWA2.1.0.0000P1-KE20 [MTP1200 Unified Basic]
([ DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DUDC/RIy]

Project graphics
» L g Version control interface
¥ [ Test Suite

* g Online secess

» [ Card ReaderlUSE memory

General

Editing language: |German (Germany) ||

"] Afrikaans (South Africa)

"] albanian (Albania)

[T Armenian (Armenia)

[T Azeri (Cyrillic, Azerbaijan}

[7) Azeri (Latin, Azerbaijan)
[Measque (Basque)
[eelarusian (Belarus)
[Bulgarian (Bulgaria)

[ catalen (Catalan)

[Tl chinese (Hong Kong SAR)

[ Chinese (Macao SAR)

M Chinese (People's Republic of China)
[Cchinese (Singapore)
[FIchinese (Taiwan)

[ creatian (Creatia)

[Mczech (Czech Republic)

[ Danish (Denmark)

[0utch (Belgium)

[ Durtch (Netherlands)

[T Englich (Australis)

[English (Belize)

[Tenglish (Canada)

[Menglish (Caribbesn)

[Clenglish (ireland)

[“english (5amaica)

[Clenglish (Mew Zealand)

[ English (Republic of the Philippines)
[english (South Africa)
[JEnglish (Trinided and Tobsga)
[CJenglish (United Kingdom)

SR ey St
[english (Zimbabwe)
[Cestonian (Estonia)

["IFarcese (Faroe Islands)
[IFinnish (Finland)

[CIFrench (Belgium)

[IFrench (Canada)

M French (France)

[CIFrench (Luxembourg)
[CIFrench (Principality of Monace)

Figure 13-2: Overall project language settings

[“IFrench (Switzerland)

[ Galician (Galician)

[T Georgisn (Georgia)

[ German (Austria)

M German (Germany)

[ Germen (Liechtenstein)

[ German (Luxembourg)

[ German (Switzerland)

[T Greek (Greece)

[CIHindi (India)

[MHungerien (Hungary)
[Micelandic (icelend)
[indanesian (Indonesia)

4 izalian (taly)

[Titalian (Switzerland)
[Miapanese (Japan)

[ Kazakh (Kazakhstan)

[ kiswehili (Kenya)

[Ikonkani (India)

M korean (Kores)

[ kyrgyz (Kyrgyzstan)

[ Latvian (Latvia)

[Cithuanian (Lithuanis)
[IMacedonian (Former Yugoslav Republic of Macedonia)
[Malay (Brunei Darussalam)
CIMalay (Malaysia)

[ Marathi (India}

[FIMengolian (Cyrillic, Mongolia)
[F]Norwegian, Bokmal (Norway)
[CINorwegian, Mynorsk (Norway)
[ Pelish (Feland)

[Tl Portuguese (Brazil)

[ rortuguese (Portugal)
[JRemanian (Romania)
[JRussian (Russia}

[2) sanskrit (india)

[T serbian (Cyrillic, Serbia and Montenegro (former))
[T Serbian (Latin, Serbia and Montenegro (former))
[Cslovak (slovakia)

[Islovenian (Slovenia)

Reference language: German (Gérman):) m

[ spanish (Argentina)

[ spanish (Bolivie)
[CIspanish (Chile)
[CIspanish (Colombia}
[spanish (Costa Rica)
[Tspanish (Dominican Republic)
[FIspanish (Ecuador)
[Ispanish (€l Salvader)

[ spanish (Guetemala)
[(Ispanish (Honduras)
[M)spanish (Mexico}
[TIspenish (Nicaragua)
[spanish (Panama)

[ spanish (Paraguay)
[(spanish (Peru)
[CIspanish (Puerto Rico)

[ spanich (Spain)
[spanish (Uruguay)
[CIspenish (Venezuelz)

[ swedish (Finland)
[Jswedish (Sweden)

[ 7atar (Russia)

) Thai (Theilend)

[ Turkish (Turkey)
[CJUkrainian {(Ukraine}
[luzbek (Cyrillic, Uzbekistan)
[(uUzbek (Latin, Uzbekistan}
M vietnamese (Vietnam)

All languages that are activated in this configuration can now be adapted within the project texts. An additional step is to
assign the project languages to the respective system languages of the PLC and its web server. To achieve this, follow

these steps:

e Select the ‘Multilingual Support’ setting within the properties of the PLC.
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e Assign the project languages that should be displayed to the system languages.

Process diagnostics

Communication load
systern and clock memory
SIMATIC Memary Card

PLC alarms 1 (4]

} Web server 2 M
} NearField Communication 3 |4f
Multilingual support 0 4 |4
Time ofday L 5|40
w Protection & Security i 6 |4f
Protection of the PLC config... T |
Access control 8 |4

} Connection mechanisms g |1l
Certificate manager 10 |40

» Syslog 11 (40

Security event

External load memaory

Languages of device display | Vileh server

German

English

French

Spanish

Italian

Japanese

Chinese (simplified}
Korean

Russian

Turkish

Portuguese (Brazil)

Figure 13-3: Project language assignment

J General " 10 tags " System constants ” Texts |

» Genersl fl .

} PROFINET interface [X1] Muidiifonat cippors

} DI 14IDQ 10 Project languages for download to the device

} High speed counters (HSC)

} Pulse generators (PTOIPWI) Assign project languages to the available languages of the device and web server.
SELE Note:
Cycle

Project languages are configured under “Languages & resources = Project languages”.

Project language

[English (United States)
English (United States)
English (United States)
English (United States)
Englizh (United Stotes)
English (United States)
English (United States)
English (United States)
English (United States)
English (United 5tates)
English (United States)

All assigned project languages will be loaded to the device. The number of loadable project languages is limited by the device.

- 4@

All assigned project languages will be loaded onto the PLC. The PLC S7-1200 G2 can support a maximum of three
different project languages at the same time. When the system language is switched, the corresponding project texts are
automatically updated to the selected language.

NOTE

13.2.3.

Additionally, pay attention to the HMI language settings.

Common alarm class settings

In each TIA Portal project, it is possible to create custom alarm classes in addition to the standard alarm classes
"Acknowledgment” and "No Acknowledgment". For newly defined classes, you can specify names, display names,
priorities and whether acknowledgement is required.

JDevices " Plant objects [

Automation_Framework » Common data » Alarm classes

=t

i

[£:] loDevices

i Ungrouped devices

re = 7
|2 Cross-device functions

[g§ Common data
ER collaboration devices

Lan Alarm classes

»
»
» 5§ Security settings
»
hd

oY System diagnostic settings
@il Supervision settings
» [ Logs

» @ Instruction profiles

» Documentation settings

» E@ Languages & resources

» [ & Version control interface
» 5 Test Suite

» i Online access

» [w Card Reader/USE memory

=

e 2

5]
(_;saoo\lmu‘ W N -

Figure 13-4: AF Alarm Classes configuration
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Alarm classes

Name D Display name
Acknowledgement 33 E A

No Acknowledgement 34 NA

Alarm_Project 37 Al_Prog

Error_AF 35 Error

Warning_AF 36 Warn
Information_AF 38 Info

F-Alarm_AF 39 F-Alarm
Warning_Project 40 Warn_Prog
CriteriaAnalysis_AF 41 CriteriaAnalysis_AF

Acknowledgment

Q3

0000000

Priority

[]

0O 0O 00 0O O O O O
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The AFgasic provides the following user defined Alarm classes:

e Alarm_Project

e Alarm_AF

e Warning_AF

e Information_AF
e F-Alarm_AF

e Warning_Project

e CriteriaAnalysis_AF

Process diagnostics

The Alarm classes can then be assigned to the diagnostic settings described in the following chapters.

13.2.4.

System diagnostic settings

The PLC already implements certain diagnostic functions. The previously defined alarm classes can be assigned to the
different categories of system diagnostics. For this purpose, first select the system diagnostic settings area in the
Common data folder (1) and then adjust the assignment (2). Furthermore, is also possible to deactivate the respective

category for the project.

Il Automation_Framework » Commondata » System diagnostic settings

| Devices | Plant objects |
C) EXE
* General settings = e
» [t] Drives Categories 4
¥ i Hubs

¥ &3] loDevices
» [id Ungrouped devices
» 55 Security settings
» [pf Cross-device functions
« [g# common dats
'-_ﬁ Callaboration devices
[ Alarm class
T
& Supervision settings
L3 ﬁ Logs
| Instruction profiles
» 5] Decumentstion settings
b @ Languages & resources
» [l Versicn control interiace
» [ Test Suite

gnostic Tetmings

Figure 13-5: System diagnostic settings in the AF
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Categories

Category

. 1| Error
02 Maintenance demanded

3 Maintenance required
2 |Info

<]

Activate the categories and associate them to alarm classes

Activation

=]

DE5

No Acknowledgeme... fw]

Mo Acknowledgement

Acknovdedgement | Fricrity |
o

o
o
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13.2.5. HMI alarm class settings

Process diagnostics

HMI alarms can be freely configured, and custom alarm classes can be assigned. In the Automation framework, the alarm
classes defined in the Common Alarm Class Settings are used for configuring alarms in the HMI.

Different colors can be set based on the alarm status. In the configured visualization device (1), you can access on the
‘Alarm Classes’ tab (2) the configuration overview (3).

| Devices | Prant abiects :

Autemation_Framework b DP.FRWAZ.1.0.0000P1-KE20 [MTP1200 Lnif

ic] b HME alarms

Discrate alams [ Analog alarms. [Lat OPC LA ARC [E Systpn'.&l 2 Alarm classes |_

* ] Autamaticn_Framesc
B A e device
i Devices & netwares
» [ DPFRVAT.0.000CCI-KEDT [CPUTS17TF-3 PNIDF]
v L[ DRFRYET 20 000CCIKEDT [CRU1STSTF 2 PN]
¥ | DPFRYEAT 1 0 D00CPIKED [MTFI200 Unified €.
= [ DPFRYEAZ 1.0 O0UOFI-REZD [MTFIZ00 Unified B_
I nevee corfgumtion
1| Online & disgnostics
¥ PRuntme sestings
» [ sereers
b i) Sereen marsgement
b g HIM s
2, Carnecticnz
= Wi elams 0
¥ T Farnmmecer set npes
il Legs
] Scheduled tazks
» g Seripts
[ Cyeiec
1 Teat and graphee lises
* (i DPFRYA21.0.000CCT-KEDT [CPU1214C DODCRR]
¥ 55 Drives
¥ [55] Hubs
b 2 labevices
b b Ungrouped devices

Alarm classes

=

Hame samte machne rrarty |Leg o |Beckgra... | Texteci_ Backgro_ | fextcol.. Backgro.. Testcal.. |Backgra.. Textcol Comman sier.
= Hlarm with single-mode .. 0 Aamndizioy 33 | B
@ Mo Acknowledgement Alarm wihait acknowle. 0 34 [ &S o Ackpasle
ad Alarm_Fraject Alsrm wiabautacknonte & 37 s ... Alarm_Project
s Lrror_ Al Alzrm wihout azknowle & L | ] . Emoe AR
G Waming AF alarm withaut acknowde . O ED Bl . Waming AF
& miformation_as Alarm wthaut scknowle i I8 [ ] L0 Informetion_..
T FAlarm_aF Alsrm withautacknowle . 0 Aambiziery 38 (i} . Flrm AT
T daming Project Alarm withautacknowle . © AlamnHiziony 20 B 2ss. .. \Waming_Froj
i Craetadnalyis_AF Alarm wahait acknowle . 8 Fil | B ., Critariakng lys
“ad Alarm Alzrm with single-mode L. 12 53 s 5. <M slamm cla
@ OperswArpuifequest  Alsrm with single-mads . 4 n W
"o Operaternoutindarmation  Alzrm withaut cutgeing 1 a0 [ i
g coticalvathRnsr Aarmowah ackncwiadg . 16 57 <t alamn cla
Gl AlarmiitaReset Alarm with acknowiedg... 12 56 255 <Moslam cla_
s fming Alzrm wik zingle-mode .. U 52 . g slamcla
T VamingWithAszer Alerm with acknowisdg... B 55 . etic mlamm cla
Ta Criticak Alarm wth single mode 16 54 <Nexalamn cla
Cal Motifcaton Alarm without acknowle . 4 5t .. =M slaim cla.
a mfermation Alarm withaut cutgeing — 1 w0 . o elammcla_
= i Alerm weth singl ! a B0 . efic mlammcla_
T SystermAlarm Alarm with single mode . 17 a1 =Mealam cla
S SytemWeiningWihoiaC Alsrm wethout cutgoing B 28 L <M alasn cla
‘ub SystemélsrmWithoutCle...  Alerm without cutgoing — 12 2y =t slamm cla_.
= Systeminfarmation Alarm withaut cutgoing — 1 58 . fic alam cla_
T Sysrembardcation Alarm wethautncknowde . 4 56 <t alarn cla

Figure 13-6: HMI alarm setting for the AF

The following default background color settings for the AF are:

e Alarm: red
e Warnings: orange
e Information: blue

e F-Alarms: yellow
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13.3. Diagnostic Concept

The holistic alarm concept within the Automation Frameworkgasic provides a standardized and modular approach to create
alarms in a machine. Its primary purpose is to enable operators to identify the cause and location of failures within the
system, ultimately increasing production availability and reducing downtime.

Within the Automation Frameworksasic, this requires a well-defined structure that integrates the alarm concept into the
framework’s functional architecture. This includes alarming across different layers of the ISA-88 model, from the Control
Module (CM) to the Unit level.

The implemented alarm concept consists of a centralized component for machine alarming at both the Equipment
Module (EM) and Unit levels. This component is based on the “CollectAlarms” block, which centralizes alarm management
and simplifies the definition of unique bit alarms and messages for the process. Within this block, users categorize and
map all alarms originating from control modules and the processes executed within the EM or Unit. A predefined
structure in the Alarms DB is available to facilitate mapping and categorization. The Alarm DB consists of different
categories such as Error, Warning, Info and Criteria Analysis where each category structure is composed by the trigger
event status and the subcategory which defines the reaction or command to the system.

The following table shows the different alarm and message categories included in the DB structure and their effects on
the process when triggered.

Alarm categories Description

Error An error message is displayed and triggers an automatic response or command to the system
according to the subcategory defined by the user.

Warning A warning message that indicates a potential issue and triggers an automatic response or command
to the system according to the subcategory defined by the user.

Information A notification providing status updates or general system information and triggers an automatic
response or command to the system according to the subcategory defined by the user.

Criteria Analysis A category used for evaluating specific conditions in the system based on predefined criteria and
triggers an automatic response or command to the system according to the subcategory defined by
the user.

Table 13-1 Alarm Categories and their description

These different categories are used to map the different alarms to the machine's process, allowing them to directly
influence the behavior of the machine through the subcategories. The state changes are handled by the
“LAF_SummarizeCommandsToUnit” block. This block sets the Interface signals of the different layers to influence the
LPML Unit Mode State Manager.
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The figure below presents the influences of each level on the higher instance by the implementation of the diagnostic
concept. All blocks shown in yellow, or purple, are library objects and do not require any further programming.

LAF
SummarizeCom
mandsToUnit

Luc LUC Interface
Status Collector Manager

LAF f LAF
SummarizeC f SummarizeC
ommandsTo ~ T ommandsTo

Unit Alarms DB il

Figure 13-7: Architecture of the Diagnostic Concept

13.3.1. Alarm Implementation in the PLC

As previously mentioned, the user defines all EM or Unit alarms within the “CollectAlarm” block. This block contains
predefined sections based on alarm categories. To add an alarm, follow these steps:

« Define a condition that should trigger the alarm and place it in the section of the "CollectAlarm" block according to the
alarm category (1).

e Insert the assignment and connect a free element of the array that is related to the trigger of the alarm category from
the DB “Alarms” (2).

» Network 3: A4dadadAsadasds Erpor AMAMAARSAAEEAdardAddddnns

¥  Network 4: Error [0] - Control Module Error
| .

"EmS5_Control
Nodes".cmPos

Axis.monitoring. “EmS5_Alarms®.
0 ermor o eror{0).trigger

] | is1
LI | |S.l

“EmS_Control
Nodes".cmSync
Axis.monitoring.

error

Figure 13-8 Alamr Mapping in FC CollectAlarms

e Open the DB "Alarms" of the correspondig EM or Unit, for our example is DB “Em3_Alarms”, select the assigned
element and add the reaction to the system (3). The reaction is defined by an integer value with the following
reactions to the system. Reactions: -1 = Reaction is defined by the subcategory configured in the ProDiag (non
applicable for 1200-G2, 1 = Stop, 2 = No Reaction, 3 = Abort, 4 = Hold, 5 = Suspend, 6 = Reset, 7 = Start, 8 = Unhold, 9
= Unsuspend, 10 = Clear, 11 = Complete.
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Automation_Framework_Basic » DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DUDUDC] » Program blocks » 13_Em3_Example_LAD » Em3_Alarms [DB161]

@ F -5 E °7 Keepactualvalues [gg Snapshot %, ¥ Copysnapshots to start values & & Loadstartvalues as actualvalues W, O
Em3_Alarms (snapshot created: 3/20/2025 4:11:15 PM)
Name Data type Startvalue  Comment
1 G] v Static | fj
2 €= v error Array{0..2] of "LAF_. EMErrors
3 4@ = v error[0] “LAF_typeAlarm® Alarm error with no reaction to unit
4 4 = trigger Bool false Unit in error
5 @ B reaction Dint 2 Reaction sent to the unit = Reactior efine the ate figure the F a e na
6 4@ = » error{1] “LAF_typeAlarm® Alarm error which stops the unit
7 @ = » errorf2] “LAF_typeAlarm® Alarm error which aborts the unit
& 4@ = » waming Array{0..2] of "LAF_... EMWarnings
9 <41 = » information Array{0..2] of "LAF_.. EM Information
10 €@ = » criteriaAnalysis Array{0..2] of “LAF_.. EMCriteria Analysis

Figure 13-9: Subcategories assignment to different alarm events

e Open the DB "Alarms" of the correspondig EM or Unit, for our example is DB “Em3_Alarms”, select the assigned
element and add a comment that is describing the alarm. This step is optional but strongly recommended to identify
which array element is already in use (3).

Automation_Framework_Basic » DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DUDUDC] » Program blocks » 13_Em3_Example_LAD » Em3_Alarms [DB161]
2 = Iy [ 3 = 9 Keep actual values @a Snapshot %, % Copysnapshots to start values & & Loadstartvalues as actualvalues W, &y
Em3_Alarms (snapshot created: 3/20/2025 4:11:15 PM)
Name Data type Startvalue  Comment

1 @[~ Sttic ] (=)

2 4@ = v eror Array[0..2] of "LAF_... EMErrors

3 @ = v error{0] “LAF_typeAlarm® Alarm error with no reaction to unit

4 4a - trigger Bool false Unitin error

5 a = reaction Dint 2 React ent to the unit = React efine the ate figure the F a e
6 @ = ) error{1] “LAF_typeAlarm® Alarm error which stops the unit

7 4 = » error{2] “LAF_typeAlarm® Alarm error which aborts the unit

8 €@= » waming Array{0..2] of "LAF_... EMWarnings

9 4= » information Array[0..2] of “LAF_.. EM Information

10 €@ = » criteriaAnalysis Array{0..2] of "LAF_. EM Criteria Analysis
Figure 13-10 Add comment to the configured element in the Alarm DB

13.3.2. Alarm Implementation in the HMI

Once the alarm has been called in the “CollectAlarms” function and the trigger conditions are set, a new discrete alarm
must be created in the HMI. The HMI discrete alarm consists of an alarm text, alarm class, trigger tag, mode, and other
parameters. To add a discrete alarm, follow these steps:

Open the HMI Alarms menu inside the HMI folder(1).
Select the discrete alarms tab (2).

Click “Add new"” to add a new alarm(3).
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Bl Automation_Framework Basic_V20 » DP.FRWA2.1.0.0000P1-KE20 [MTP1200 Unified Basic] » HM alarms
| Devices | Plant objects | WA |- Discrete alarms  [Lq Analog alarms [t OPCUA ASC [ System events [ .5 Alarm classes |
55 [ By chectin B1° 4 @ % =]
mmm alarms.
~ | Automation_Framework_Basic V20 tame Alorm text Alorm class. Triggertag Trigge. Connection of £ | Acknowledgme.. |Ackn... Acknowledg... | Connection stat-
W Add new device ]'_,,\1 \40& [$ Discrete alarm_1208 U1.EM2_Example_SCL | Criteria Criterioan.. [id] Unit1Ems_Alarms_criteriaAnalysis{O)wrigger [ 0 B5] HML_Unified B <

g Devices & networks LA 1406 Discrete alarm_1406 U1.EM_Example_SCL | Information Information_.. Unit1Em4_Alarms_information{0] trigger o

[ DPFRWA2.1.0.0000P1KE20 [MTP12... > £ 1506 Discrete alarm_1506 U1.EMS_MotionDemo | Information  Information._... Unit1EmS_Alarms_information(O] rigger
Y Device configuration > R 1508 Discrete alarm_1505 U1.EMS_MotionDemo | Information  Information_.. Unit1EmS_alarm: HML_Unified_B. ‘
% Online & diagnostics P 62 1308 Discrete slarm_1308 U1.EWB_Example_LAD | Criteria Unit1Em3_Alarms_ HM_Unified B.. <30 tog
¥ Runtime settings 1404 Discrete slarm_1404 U1.EMS_Example_SCL | Werning the! Warning_AF  Unit1Emd_Alarms_warming(1]trigger
~ B Screens 1507 Discrete slerm_1507 UT.EMS_MotionDemo | Criteria CriterieAnalys... Unit1EmsS_Alerms_information]1] trigger
B Add new screen 1403 Discrete alarm_1403 U1.EM4_Example_SCL | Werning tha! Werning_AF armingl0] trigger
» 3] 00_Screeniayout 1302 Discrete slarm_1302 U1.ENB_Example_LAD [Ertorthat  Error_AF Unit1Em3_Alarms_enorl2] wrigger
» [zl 01_CentrelFunctions A 1003 Discrete alarm_1003 U1 | Warning in subordinated Wrning AF  U1_Alarms_weming[O] trigger
» [£s] 02_MachineOverview 1010 Discrete alarm_1010 UYLEMD_General |Information  Informatien_.. UnitiEmo_Alaems_informationfo]trigger

» [ia] 99_ObjectsOffrojectiibraryUsed > 5] 1108 Discrete alarm_1106 UT.EMI_TemplateLAD | information Information_... Unit1Em1_alarms_information[o] trigger
» [fl U1_unit PR 1207 Discrete alarm_1207 U1EM2_TemplateSCL |information Information_.. Unit1Em:2_Alarms_information[1] trigger
) sereen management P GR 1108 Discrete slarm_1108 U1LEMI_TemplateLaD |Criterla  Criterianalys... Unit1Em 1_Alarms_criteriaAnalysis(0] rigger
o Mg [ 68 1306 Discrete alarm_1306 U1LEWS_Example_LAD | Information Information_... Unit1Em3_Alarms_information{a]rigger
%2, Connections > 5R 1002 Discrete alamn_1002 U1 |information in subordinated  Information_.. U1_Alarms _information[0].trigger HM_Unified 8.
2 o > G2 1206 Dizcrete alarm_1206 U1 ENZ_TemplateSCL | Job Mo 15 Information_. UnitiEm2_Alarms_information[0) trigaer HM_Unifed,
» ] Parameter setgype [ GR 1208 Discrete alarm_1208 U1.EM2_TemplateSCL | Criteria Unit1Em2_Alarms_ HM_Unified €.
Logs R 1503 503 U1.EMS_MotionDemo | Yarming that Warning AF  Unit1EmS_Alarms_wamning[0)trigger HM_Unified
3] scheduled tasks Discrete alarm_1307 U1.ENB_Example_LAD | Information Information_... Unit1Em3_Alarms_information(1].zrigger
» () seripts Discrete alarm_1305 U1.ENG_Example_LAD | Worning tha Warning_AF  Unit1Em3,_Alarms_waming|2]rigger
) Cycles crete alarm_1102 U1.EMI_TemplateLAD | Errorthat  Error_AF Unit1Em1_Alarms_emror{O].trigger

E&i Yextand graphic lists
» 'j| DPFRWA2.1.0.000CCIKEOT [CPUT2..

Discrete alarm_1104 U1.EMi_TemplateLAD | Warning that Warning_AF
Discrete alarm_1007 U1LEMO_General |Wamingthat  Waming_AF  Unit1Em0_Alarms_warning|O) rigger
Discrete alarm_1001 U1 | Errorin subordinated modules  Error_AF U1_Alarms_error{0] vigger

Discrete alarm_1501 U1.EMS_MotionDemo | CM Error that Error_AF Unit1EmS_Alarms_emor(Oltrigger
Discrete alarm_1004 U1.EMO_General | Compressed air  Error_AF Unit1Em0_Alarms_error{0)trigger
Discrete alarm_1302 U1.ENB_Example_LAD | Worning tha Worning_AF  Unit1Em3_Alarms_waming[0] trigger

HM_Unified_8..
HM_Unifed.
HM_Unified 8... o
HM_Unified_8.

» th!wcr:
» = Ungrouped devices
s

6000600060066 606000060006006006606066

©0 0000000006000 000000000006006006

£ Securitysettings Discrete slarm_1201 U1.EWR_TemplateSCL|Error that  Error_AF UnitiEm2_Alsrms_error(O)trigger HM_Unified €.
» (38 Crosz-device functions Discrete slarm_1508 U1 ENB_Example_LAD [ Ercor that  Error_AF Unit1Em3_Alerms_error(o] rigger
» & Common data Discrete alarm_1204 U1 EM2_TemplateSCL | Warning that Werning_4F  Unit1Em2_Alarms_warming[0] trigger HM_Unified_8. a
» (5] Documentation settings Discrete alarm_1000 U1 | Globel power failure - Unit Error_AF UT_Alarms_error{1] trigger HM_Unified_8, o ta
» (@ Languages & resources Discrete slarm_1  UT.EMD_Genersl | Criteria Analysis  Error_AF Unit1EmO_Alarms_criteria Analysis (O] trigger HM_Unified 8., 1o 2
» T4 Version control interface Discrete alarm_2 U1 |Weming thattriggers a hold  Error_AF UI_Alarms_warning[1] trigger HM_Unified 8. <tio

» 2 Test suite

Figure 13-11 Open discrete alarms configuration

e Go to the trigger tag section and select the tag configured to trigger the alarm (4). In this example, the complete
errorStop array, contained in the Alarms DB, was previously created as a variable in the HMI. Choose the
corresponding tag (5).

DP.FRWA. P1-KE20 [MTP1200 Unified Basic] » HMI alarm

4 Discrete alarms  [.4 Analog alarms L4 OPCUA A&C [, System events |4 Alarm classes

2%

Discrete alarms

Pliip Name Alarm text Alarm class  Trigger tag Trigge..  Connection of t.. | Acknowledgme.. Ackn... Acknowledg... | Connection stat.
P R 1408 Discrete alarm_1408 U1.EMé_Example_SCL|Criteria  CriteriaAnalyz... UnitlEmd_Alarms_criteriaAnalyzis(0].rigger ) HM_Unified B.. 1o 10 °

[ LR 1406 Discrete slarm_1406 U1.EMé_Example_SCL [Information Information_... Unit1Emé_Alarms _information{0) trigger o HM_Unified_B... 1 0

[ GR 1506 Discrete alarm_1506 U1.EMS_MotionDemo | Information Information_... Unit1EmS_Alarms_information[0] trigger ) HM_Unified_B... o

[> LR 1505 Discrete alarm_1505 U1.EMS5_MotionDemo | Information Information_... Unit1EmS_Alarms_warning[2].trigger o HM_Unified_B... )

[> 54 1308 Discrete alarm_1308 UT.EM3_Example_LAD | Criteria  CriteriaAnalys... Unit1Em3_Alarms_criteriaAnalysiz[0].trigger ) HM_Unified_B... 0

P 62 1404 Discrete alarm_1404 U1.EMé_Example_SCL | Warning thal Werning AF  Unit1Ema_Alarms_warning[1].trigger ) HM_Unified_B... o

[ LR 1507 Discrete alarm_1507 U1.EM5_MotionDemo |Criteria  CriteriaAnalys... Unit1EmS_Alarms_information[ 1] trigger 0 HM_Unified_B... )

[ 52 1403 Dizcrete alarm_1403 U1.EMé_Example_SCL | Warning the! Warning AP Unit1Em4_alarms_warning[0]trigger o HM_Unified_E °

[ CR 1302 Discrete alarm_1302 U1.EMS_Example_LAD | Errorthat  Error_AF Unit1Em3_Alarms_error(2].trigger ) HM_Unified_B... °

[> 58 1003 Discrete alarm_1003 U1 | Waming in subordinated Werning AF  U1_Alarms_waming[0] rigger ) HM_Unified_8... 0

[ &4 1010 Discrete alarm_1010 U1.EMO_General | Information  Information_... Unit1EmO_Alarms _information(0} trigger ) HM_Unified_B... 0

[ 54 1106 Discrete alarm_1106 U1.EM1_TemplateLAD | UnittEm1_Alarms_ [0} rigger [ HM_Unified_¢ 0

P B3 1207 Dizcrete slarm_1207 U1.EM2_TemplateSCL | Information Tormmtion- =

> GR 1108 Discrete alarm_1108 UT.EM1_TemplateLAD | Criteria  CriteriaAnalys... CentralFunctions (o] i\l

P 53 1306 Discrete slarm_1306 UT.EM3_Example_LAD | nformation Information Global rre— -

P Discrete alarm_1002 U1 | in i v {iaj Unitt NOrE

I Discrete alarm_1206 U1.EM2_TemplateSCL | Job No 1is  Information_... »guiiel b A IEc e hon

I Discrete slarm_1208 U1.EM2_TemplateSCL | Criteria CriteriaAnalys... » % UIEMO_General [6]

[ Discrete alarm_1503 U1.EMS_MotionDemo | Warning that Warning_AF > % U1Em1_Template_LAD [8] =

I Dizcrete slarm_1307 UT.EM3_Example_LAD | Information Information._... » S U1Em2 Template_SCL (8] |

f Discrete alarm_1305 U1.EM3_Example_LAD | Warning tha: Warning_AF v % U1EM3_Example_LAD [12] | W

| Discrete alarm_1102 UT.EMI_TemplateLAD | Errorthat  Error_AF » €@ UnitiEm3_Alams_criteriaAnaly._.| | SR

I Discrete alarm_1104 U1.EMI_TemplateLAD | Warning that Warning_AF » @ UnitlEm3_Alarms_error [

[ Discrete alarm_1007 U1.EMO_General | Wamingthat  Wamning_AF » 4@ UnitiEm3_Alarms_information

I Discrete alarm_1001 U1 | Error in subordinated modules Error_AF w @ Unit1Em3_Alarms_waming

I Discrete alarm_1501 U1.EM5_MotionDemo | CM Error that Error_AF <ol

I Discrete alarm_1004 U1.EMO_General | Compressed air  Eror_AF vahnl

| Discrete alarm_1304 U1.EM3_Example_LAD | Warning tha' Warning_AF »aizl L]

[ Discrete alarm_1201 UT.EM2_TemplateSCL | Errorthat  Error_AF » €@ UnilEm3Hmilnteriace_em

PR Discrete alarm_1508 U1.EM3_Example_LAD |Errorthat  Error_AF » @ Unit1Em3Hmilnterface_jobs

PR Discrete alarm_1204 U1.EM2_TemplateSCL | Weming that Warning_AF » 4@ UnittEm3Hmilnterface_sequen, Dj =
PR Discrete alarm_1000 U1 | Global power failure -Unit  Error_AF L“L L AL _] 1>]
PE1 Discrete alarm_1  U1.EMO_General | Criteria Analysis  Error_AF (@] Showall EJ[Z)
PER2 Discrete alarm_2 U1 |Warning thattriggers a hold  Error_AF - J
PR3 [ piscrete alarm_3 Error AF  [| <Notag> [

Figure 13-12 Trigger tag configuration
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e Assign the corresponding alarm class for the configured alarm (6). Use the classes previously configured for the AF

7).

Automa F £20 [MTP1200 Unified Basic) » HM alarms
4 Discrete alarms |14 Analogalarms [L&l OPC UA A&C [ System events [ .4 Alarm classes |
2 % =]
Discrete alarms
D Name Alarm text Alarm class | Trigger tag Trigge.. Connection of t.. Acknowledgme.. |Ackn.. Acknowledg.. Connection stat..
R 1408 Discrete alarm_1408 U1.EMé_Example_SCL|Criteria  CriteriaAnalys... Unit1Emé_Alarms_criteriaAnalysis[0) trigger o HM_Unified_8 s o
£R 1406 Discrete alarm_1406 U1.EM4_Example_SCL | Information Information_... Unit1Emd_Alarms_information[0] trigger 0 HMI_Unified_B... (]
J 1506 Discrete alarm_1506 U1.EMS_MotionDemo | Information Information_.. Unit1EmS_Alarms_information[0] trigger o HM_Unified B.. -/ o
! 1505 Discrete alarm_1505 U1.EM5_MotionDemo |Information Information_... Unit1EmS_Alarms_warming[2] trigger o HM__Unified B... < )
Discrete alarm_1308 U1.EM3_Example_LAD | Criteria  CriteriaAnalyz... Unit1Em3_Alarms_criteria Analyzis[0) trigger o HM_Unified B... < o
Discrete alarm_1404 U1.EMé_Example_SCL | Waming that Warning_AF  Unit1Ema_Alarms_warning[1) trigger (] HM_Unified_B... )
Discrete alarm_1507 UT.EMS_MotionDemo | Criteria  CriteriaAnalys... Unit1EmS_Alarmz_information(1].trigger ) HMI_Unified_B. o
| Discrete alarm_1403 U1.EM:_Example_SCL | Waming that Warning_AF  Unit1Em4_Alarms_wamning[0) trigger o HM__Unified B... < o
Discrete alarm_1302 U1.ENG_Example_LAD | Errorthat  Error AF Unit1Em3_Alarms_error(2] trigger o HM_Unified_B... - o
Discrete alarm_1003 U1 | Waming in subordinated Werning AF  U1_Alarms_warning[0].trigger 0 HM_Unified B.. 1 0
Discrete alarm_1010 UT.EMO_Genera! | Information information_... Unit1EmO_Alarms_information[0] trigger ) HM_Unified_B.. o
Discrete alarm_1106 U1.EMI_TemplateLAD | Information Information_... Unit1Em1_Alarms_information[0].trigger 0 HMI_Unified_8. o
Discrete alarm_1207 U1.EM2_TemplateSCL | Information Information_... Unit1Em2_Alarms_information[1] trigger o HM__Unified B... < )
Discrete alarm_1108 UT.EMI_TemplateLAD | Criteria CriteriaAnalyz... UnitlEm1_Alarms_criteriaAnalysiz[0] trigger o HM_Unified_B... o
Discrete alarm_1306 U1.ENG_Example_LAD | Unit1Em3 Alams srigger 0o HM| Unified B I
| Dizcrete alarm_1002 U1 [ Information in subordinated "
| Discrete alarm_1206 U1.EN_TemploteSCL |Job No 1is [ 7 3% oraz-t 0. 0000F1- 4]
| Discrete alarm_1208 UT.EM2_TemplateSCL | Criteria o RIS | Neme
i Common data .
Discrete alarm_1503 U1.EM5_hotionDemo | Warning that 2 Alor classes L@  Opentorinputinformation Al
Discrete alarm_1307 U1.ENB_Example_LAD | Information [4  OperatorinputRequest
Dizcrete alarm_1305 U1.EMS_Example_LAD | Warming tha| f@  SystemAlarm
| Discrete alarm_1102 U1.EMI_TemplateLAD | Error that fa  SystemAlammuithoutCle..
I Discrete alarm_1104 U1.EMI_TemplateLAD | Warming tha! { G@  syteminformation
| Discrete alarm_1007 U1.EMO_General | Warning that £ =1 SystemNotification
Discrete alarm_1001 U1 |Error in zubordinated modules ) G sytemweming A
Discrete alarm_1501 U1.EMS_MotionDemo | CM Error tha | L& systemWamingWithoutC. i
I Discrete alarm_1004 U1.EMO_General | Compressed air (4 Weming
I Discrete alarm_1304 U1.EMS_Example_LAD | Waming tha| 1= ring_Al % 71
Discrete alarm_1201 U1.EM2_TemplateSCL | Eror that [4  Werning_Project
Discrete alarm_1508 U1.EM3_Example_LAD | Error that L@  WarningWithReset
Discrete alarm_1204 U1.EM2_TemplateSCL | Warning that
Discrete alarm_1000 U1 | Global power failure - Unit (<] [] ] [>] &
Discrete alarm_1  U1.EMO_General | Criteria Analysis W Create [vlfx]
BR2 Discrete alarm_2 U1 | Warming that triggers a hold B )
PR3 8] Discrete alarm_3 Error_AF | @ns_mmn:_wammgnx,mgge: [elo  [$] HM_Unified B.. -fiotag o
<Add new>

Figure 13-13 Alarm class selection

e Write the alarm text. This is the information that will be displayed when the alarm is triggered (8). Use meaningful
text that helps identify and resolve the issue, and include the information configured in the PLC tag
referenceDesignatorCombined. This tag can be found within the Config DB of the Unit or EM.

e Assign the Alarm ID, which is a unique identifier for the alarms identification(9)

e Add the alarm ID to the Alarm name (10)

Automation_Framework » DP.FRWA2.1.0.0000P1-KE20 [MTP1200 Unified Basic] » HM alarms

;] Discrete alarms ‘l_){] Analog alarms H,; OPCUA A&C H;’_ System events Hﬂ Alarm classes
> * —

= SF —a

Discrete alarms

D Name Alarm text | Alarm class Trigger tag [Triggerbit | Connection of . Ack...
A 1206 Discrete alarm_1406  U1.EM4_HpmEncaps | Warning that triggers a suspend command for Vlerning_AF Unit1Ems4_Alarms_warningSuspendo] 0 HMI_Unified_B... <tio. [
4 1407 Discrete alarm_1407 U1.EM4 HpmEncaps | Information message Infarmation_AF UnittEm<_Alarms_infarmation[a] o HIMI_ Unified_B_. -1
A 1408 Discrete alarm_1408 U1.EM4_HpmEncaps | Criteria Analysis message Int tion_AF UnittEmé_Alarms._criteriaAnalysis[0] o HMI_ Unified_B_..
i 1302 [@] Discrete alamn_1302 [ U1 EMB_Conveyor | Errorin CM 1-5top command sentto the unit [=] Unit1Em3_Alsrms_errorstap(o] Eo [@] HM_Unified B <100
<Add news

Figure 13-14 Alarm text , ID and name definition.

NOTE . . . .
The alarm ID structure in the Automation Frameworksasic was defined to ensure a consistent and

unique ID for the alarms. However, the user can create their own format.
It is composed as follows:

Unit No. (1st digit) + Em No.(2nd digit) + Alarm No. (3rd and 4th digits ) = Unit 1" + EM ‘3" + Alarm ‘02’
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NOTE e e . . . .
The faceplate “LAF_fpManageAlarms” performs a filtering function to display active errors, warnings,

or information messages at the EM or Unit level. For this to work correctly, the alarm text must include
the combined reference designation

LB E

Keep actual values iiil Snapshot “;, Copysnapshots to startvalues [gb (% | Load startvalues as actual values [y Hiy

Em3_Config
| :Name Data type | Startvalue lanitor value .Rg@__ain Accessible f... | Writa... -Vis_iblein . | Setpaint
<] ¥ Static
2 gl e T em "LAF_typeEmCenfi... = =] =) ] 0
5 «m 8 ¥ referenceDesignat.. “LAF_typeReferenc...
4 g = parent wetringf128] WETRINGE'U1" WSTRINGE 'U1"
T | = relative Wstring[25] WETRINGE'E... WSTRING#'EMS"
LT | L combined wstring[128] £t WSTRING#'U1.EM3_Conveyor® |

Figure 13-15 Unit or EM Reference Designation

69 EmExampleLAD 51 D Date & Time Alarm text
1 41212025 3:31:04] U1.EM3_Conveyor | Error that triggers an abort command for the unit
41212025 3:31:04] U1.EM3_Conveyor | Temperatur Sensor Error - stop command sent to the unit

41212025 3:31:04] U1.EM3_Conveyor | Error, the unit does not react

This is an
example.

W W

_f;{;m_!; b@ﬁg

Figure 13-16 LAF_fpManageAlarms filters and displays the active alarms in the EM or Unit

Alarms configuration can also be managed via export and import file functions. Using a spreadsheet for editing allows
users to significantly accelerate the creation or modification of alarms in the HMI.

Tl D Name Alarm text [en-US], Alarm text 1 B Fieldinfo [Alarm text 1] Class Trigger tag

2 1000  Discrete alarm_1000 U1 | The unit aborted due to a global power failure Error_AF UL_Alarms_errorAbort[0]

3 | 1001 Discrete alarm_1001 U1 | Error in subordinated Modules Error_AF U1_Alarms_errorNoReaction[0]

4 | 1002  Discrete alarm_1002 U1 | Warning in subordinated Modules Warning_AF U1_Alarms_warningNoReaction[0]

5 | 1003  Discrete alarm_1003 U1 | Information in subordinated Modules Information_AF U1_Alarms_information[0]

% | 1004 Discrete alarm_1004 U1.EMO_General | Error, the unit does not react Error_AF Unit1EmQ_Alarms_errorNoReaction[0]

7 | 1005 |Discrete alarm_1005 ULEMO_General | Error that triggers an abort command for the unit Error_AF UnitlEmQ_Alarms_errorAbort[0]

& | 1006 Discrete alarm_1006 UL.EMO_General | Stop command sent to the Unit due to compressed air failure Error_AF UnitlEmQ_Alarms_errorStop[0]

9 | 1007 Discrete alarm_1007 U1.EMO_General | Warning, the unit does not react Warning_AF UnitlEmO_Alarms_warningNoReaction[0]
10 1008  Discrete alarm_1008 U1.EMO_General | Warning that triggers a hold command for the unit Warning AF Unit1EmQ_Alarms_warningHold[o]

11| 1009  Discrete alarm_1009 ULEMO_General | warning that triggers a suspend command for the unit warning_AF UnitlEm0_Alarms_warningsuspend[0]

12 | 1010 Discrete alarm_1010 ULEMO_General | Information message Information_AF UnitlEmQ_Alarms_information[0]

13 | 1011 Discrete alarm_1011 UL.EMO_General | Criteria Analysis message Information_AF  UnitlEmQ_Alarms_criteriaAnalysis[0]

1 1100  Discrete alarm_1100 ULEM1_TemplateLAD | Error, the unit does not react Error_AF UnitlEm1_Alarms_errorNoReaction[0]

15 | 1101  Discretealarm_1101 ULEMI TemplateLAD | Error that triggers an abort command for the unit Error_AF UnitlEm1_Alarms_errorAbort[0]

16 | 1102  Discrete alarm_1102 UL.EM1_TemplateLAD | Error that triggers an stop command for the unit Error_AF UnitlEm1_Alarms_errorStop[0]

17 | 1103 Discrete alarm_1103 U1.EM1_TemplateLAD | Job No 1is locked and can not be executed Warning_AF Unit1Em1_Alarms_warningNoReaction[0]
18 1104  Discrete alarm_1104 ULEM1_TemplateLAD | Job No 2 is locked and can not be executed warning_AF UnitlEm1_Alarms_warningNoReaction[1]
19 | 1105 Discrete alarm_1105 UL.EM1_TemplateLAD | Warning that triggers a hold command for the unit Warning_AF UnitlEm1_Alarms_warningHold[0]

20| 1106 Discrete alarm_1106 U1.EM1_TemplateLAD | Warning that triggers a suspend command for the unit Warning AF Unit1Em1_Alarms_warningSuspend[o]
21 | 1107  Discrete alarm_1107 ULEM1_TemplateLAD | information message Information_AF UnitlEm1_Alarms_information[0]

Figure 13-17 Editing Alarms using a spreadsheet software
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13.3.3. Error handling within the LBC Library Blocks

Error Detection

The LBC blocks have internally error detection and analysis so that a status with the current cause is given to the user. By
handling the error analysis, it becomes easier for the user to find the error source and solution.

When an error occurs, an alarm should be generated, and the correct alarm message should be displayed. If an error
occurs (e.g. error in block operation), the error must be given as output, and the status set (e.g. 16#8001). Constants are
assigned to the status code, which contain the specific information about the error (e.g. 16#8001: Error: Wrong operation
of the function block).

LBC AxisCtriBasic

Name Data ype Default value Re.. | Accessiblef . | Writa. | Visiblein .. Setpoint Comment
33 i@ = Constant
S4 ] = FE_STATE_MNO_PROCESSING Dint o FB state: No processing
3541 = FB_STATE_EMNABLING Dint 10 FB state: Enabling
36 4] = FB_STATE_PROCESSING Dint 50 FB state: Processing, motion commands can be exe.
37 4w FB_STATE_DISABLING Dint g0 FB state: Disabling
32 @~ UNKNOWN_AXIS uDint o Constant value for unknown axis type
39 41 = POS_AXIS UDint gl Constant value for TO_PositioningAxis type
40 g1 = SPEED_AXIS UDint 2 Constant value for TO_SpeedAxis type
41 4] = SYNCS_STD_AXIS UDInt 3 Constant value for TO_SynchronousAxis type in STD
42 ] = STATUS_MNO_ERROR_CCCURRED Word 16#0000 Status: Mo error occurred during execution
43 41 = STATUS_WNO_CALL Word 16£7000 No call of FB
44 g = STATUS_FIRST CALL Word 1687001 First cycle of FB after enabling
45 41 = STATUS_SUBSEQUENT_CALL Word 1657002 FB is enabled, new motion commands can be execu.
46 41 = STATUS COMMAND ABORTED Ward 168#7FFF Commanded functionality has been aborted byano..
47 4] = SUB_STATUS_MO_ERROR Wiord 1680000 Mo error occurred in sub function call
48 41 = ERR_INVALID_COMMAND Word 1658004 Invalid command selected: Command not supporte..
49 4= ERR_TO_ERRCR Word 16%#8100 Error of Technology Object is present. Withdraw co...
50 4q = ERR_INVALID_AXIS Word 16#8208 No axs interconnected. Technology Cbject not sup...
51 41 = ERR_MC_POWER Word 16%# 8600 Error occurred during MC_POWER command
52 4] = ERR_MC_RESET Word 1688601 Error occurred during MC_RESET command
53 4w ERR_MC_HOME Word 165#8602 Error occurred during MC_HOME command
54 40 = ERR_MC_TORQUELIMITING Wiord 16#8603 Error occurred during MC_TORQUELIMITING comma
55 4] = ERR_MC HALT Word 1688604 Error occurred during MC_HALT command
56 40 = ERR_MC_MOVEIOG Word 1658605 Error occurred during MC_MOVEIOG command (co...
57 4l = ERR_MC_MOVEWELOCITY Word 16#8606 Errar occurred during MC_MOVEVELOCITY command
58 4] = ERR_MC_MOVERELATIVE Word 1688607 Error occurred during MC_MOVERELATIVE command
59 41 = ERR_MC_MOVEABSOLUTE Word 16#8608 Error occurred during MC_MOVEABSOLUTE comma...
60 4] = ERR_MC_STOP Word 16#8610 Error occurred during MC_STOF command
61 4= ERR_UNDEFINED_STATE Word 16#8700 Error: due to an undefined state in state machine

Figure 13-18: Status code and constant for error handling in the LBC_AxisCtrlBasic block

NOTE The LBC normal blocks used in the Automation Framework can also be used in the Automation

Framework Basic version, but they have not been optimized for the G2 or for reduced code memory
consumption, as is the case with the LBC_Basic blocks.
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The alarm message is generated using an HMI text list provided for each LBC block, and its specific information about the

status of each control module will be displayed on the screen with the specific faceplate.

Text lists

[

bl

el al:

el

b

- Mame a
LAF_tIDriveDiagSina_StatusWord_Bit15

LBC_Analoglnput_ShortStatus
LBC_AxisControl_Buttons
LBC_AxisControl_ShortStatus
LBC_Basic_Buttons
LBC_DigitalSignal_ShortStatus
LBC_PT1Filter_ShortStatus
LBC_SinaSpeed_Buttons

LBC SinaSpeed_ShorStatus
LBC_ThreeWayActuator_Buttons
LBC_ThreeWayActuator_ShortStatus
LBC_TwoWayActuator_Buttons
LBC_TwoWayActuator_ShortStatus
LUC_UnithModes
LUC_UnitSpecialFunctions

selection

Value/Range
ValueiRange
ValuelRange
Value/Range
ValueiRange
ValuelRange
Value/Range
ValuefRange
Value/Range
Value/Range
Value/Range
Value/Range
Value/Range
Value/Range
ValuelRange

Comment

TextList for PLC library block: LB

TextList for faceplate buttons: L...

TextList for PLC library block: LB...

Basic TextList for PLC library bloc..

TextList for PLC library block: LB
TextList for PLC library block: LB...

TextList for faceplate buttons: L...

TextList for PLC library block: LE...

TextList for faceplate buttons: L...

E TextList for PLC library block: LB
TextList for faceplate buttons: L.
TextList for PLC library block: LB...

1] Luc_unitstates ValuelRange
ﬂ PowerStatus Value/Range
T
Text list entries
. | Default Value a Name Text

@ o STATUS_NO_ERROR_DCCURRED Ho error
O 28672 STATUS_NO_CALL He job
O 28673 STATUS_FIRST_CALL First call
O 28674 STATUS_SUBSEQUENT_CALL Subsequent call
O 28675 STATUS_POSITION_WOT_DEFINED Uncertain position of actuator
O 28676 STATUS_IN_MEUTRAL_POSITION Actustor in NEUTRAL position
o 28677 STATUS_IN_WORK_POSMON_1 Actuatorin work position 1
O 28678 STATUS_IN_WORK_POSMOM_2 Actuator in work position 2
O 28688 STATUS_MOVE_FROM_NEUTRAL_TC_WORK_1 Actuator moving to work 1
O 28689 STATUS_MOVE_FROM_NEUTRAL_TO_WORK_2 Actuator moving to work 2
O 28690 STATUS_MOVE_FROM WORK_1_TO_MEUTRAL Actuator moving to neutral position

Figure 13-19: HMI Text lists for LBC blocks
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14. Simulation

14.1. Overview

Additional software and license are required for HMI simulation. More details see chapter Hardware

NOTE and Software Requirements.

PLC simulation with S7-PLCSIM

S7-PLCSIM offers tools for troubleshooting, validation and verification of the implemented logic in the PLC program.
Simulation tables, allow for the monitoring and modification of PLC inputs and outputs as well as DB tags. Simulation
sequences can be used to simulate an external process interacting with the PLC program. In addition, function blocks can
be programmed to provide the expected behavior of the process within the PLC.

This is a manual approach for testing the logic in the PLC program. The quality of the simulation depends on how accurate
the process is modeled in the simulation sequences of S7-PLCSIM or programmed as function block within the PLC.

Supported simulation features for S7-1200 G2

Feature S7-PLCSIM S7-PLCSIM Advanced
General simulation support
for $7-1200 G2 ves No
Debudadi d itori ‘ PLC logic only,
ebugging and monitoring o safety and standard program, Not supported

PLC program and tags
prog g basic I/0 simulation

Validation of user management and

access control (UMAC) Not supported Not supported
Testing Motion Control applications Update 1 (see link below) or
with technology objects (TOs) physical S7-1200 G2 device required

L . Not supported
(TO can be tested in simulation mode

without physical drive)
Table 14-1: Supported simulation features for $7-1200 G2

NOTE PLCSIM V20 Update 1 download link: https://support.industry.siemens.com/cs/es/en/view/109963851
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14.2. PLC and HMI integration of simulation signals

PLC integration

Simulation can be activated in the PLC by setting the respective bits in the data block “Data” in folder “Global” to “TRUE".
Program code in the PLC, which uses PLC internal simulation program code or should be not active while the simulation is
enabled, must react to these bits:

e Data.general.simulation.withSimit
This bit indicates that a SIMIT simulation is connected. It is not used yet and is intended for future use cases.

e Data.general.simulation.plcinternal
This bit indicates that internal simulation is activated. In this case, the simulation is done with additional program code

in the PLC internally. The start value of this bit is “TRUE” by default.

NOTE Additional program code, which belongs to simulation, should be programmed in separate FBs and

DBs. This clearly separates the user program and the simulation program code. In addition, the
simulation program code can be deleted easily.

The AFeasic example project does not show any simulation program code. The used technology objects
are set to simulation mode by default. If real hardware is used, the simulation mode must be disabled
manually in the configuration of the technology object.
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HMI integration

The PLC internal simulation can by be activated or deactivated by the operator via the “Simulation” button in the
“MachineOverview” screen in the HMI. An active PLC internal simulation is shown with a green status (1).

SIEMENS Machine Overview

@ fode AT G- Unit
© > > Start Sto Reset/Clear| N Special N
7 ON Production - Idle C 1] e Smith

Machine Overview

Unit1 2l

This is an .
example. i

' Status *
2

Figure 14-1: HMI objects in “MachineOverview” screen which belong to simulation

NOTE . . S : ) : .
If the simulation is not required in the HMI, then delete these HMI objects in the “MachineOverview”
screen.
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14.3. PLC simulation with PLCSIM

The internal simulation is activated by default in the AFsasic example project. The technology objects are set to simulation
mode by default. Follow the steps below to start a PLC simulation with PLCSIM.

Start S7-PLCSIM.
Create a new PLC instance for the S7-1200 G2 by clicking the “+" icon (1).

S7-PLCSIM V20

Communication Mode: (&) PLCSIM Softbus Ginternal only) () TCPiP Single Adapter () TCPIP Multiple Adapter

$7-1500

Simulation for 57-1500, 57-1500C,
firmware version 2.0 and above

$7-1200

Simulation for 57-1200 CPUs, firmware
version 4.0 and above

5$7-1200 G2 1
Simulation for §7-1200 G2 CPUs, firmware

I \ version 1.0
L]

ET 200SP

Simulation for ET 200SP CPUs, fimware
version 2.0 and above

No instances

Figure 14-2: How to create a new PLC instance in PLCSIM

Start the PLC instance by clicking the “Power” icon (1).
S7-PLCSIM V20

> Communication Mode: (8) PLCSIM Softbus (internal only)

m Instance_1

® RUN /STOP 0 [X1]: 192.168.0.1
@ ERROR
@ MAINT

STANDARD 57-1200 G2

Figure 14-3: How to start a simulated PLC instance in S7-PLCSIM
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Go to TIA Portal and download the PLC (1). PLCSIM is preselected as PG/PC interface when a simulated PLC instance is
currently running (2). If any following pop-ups occur, continue with the required actions.

Project  Edit View  Incert Onfine  Options  Tools  Window  Help
G 3H sepoen 3 X 13X 0 G GBS coonine F oo

filine A3 M08 et (1102 8

e
| Devices

o | o) o By checkin B¢ B

v _| Automation_Framewverk_Basic
B Add new device
B Devices & nerw:

‘> [ DPFRWAZ T 0 000CCIKEDT [CPU1214C DGDODE]
Y Device configuration
% Online & diagnastics

| Extended download ta device

Configured acorss nodes of "DP.FRAAZ.1.0.000CCTHE07"
Oevice Device rype. shat Interface type | Address Subner
¥ gy Frogram blocks DP.FRWA2.1.0.000CC., CPU 1214CDCID.. FXE PHAE 10.64.1.66 TESTHET
b L Technology abjects

b [ Extemel source fles

b @ PCags

» Dl e data ypes

v L warch and force mbles
b L Online backups

» [ Traces

v [ Device proy data

¥} Program info
¢ PLC supervizions & alamme
) PLcalarm test sty

b [ Local modules [ErWda et e iba tama i diea] ~ |
. 2: ‘:J’::mu‘“m Devies Device type Interfsce type Address Terget deyice
- h'i et CPUccmmeon CPU-1500 Samula. PRIE 10,647 66 B CPUcamman
C - = PIAE Enteraddress here
¥ S Security semings mg_
» 78 crossdevies functions
» i comman data
» ;::1 Documentation settings sk LED
» [ Languages & resources
¥ _a Version contrel interface
* 1 sivare Slartaesrch
: :; :‘Ln;:::’j;m memary online sius informarion [ misplay anly srrar messages
B sconcompl 1 devices af 1 ible devices found. -~
3 fetrieving device mfamation 5
Ed scan and infarmation retreval completed -
!

Figure 14-4: How to download the PLC to a simulated PLC instance

Start the simulation of the HMI (1). The WinCC Unified runtime will open automatically in the browser. HMI simulation
may require additional software and license depending on the engineered power tags.
Project Edit View Insert Online Options Tools Window Help

i E saveproject | & X 2 o X M2 G B E
Project tree

| Devices | Plantobjects |

[/ = By checkin By By L@

* ] Automation_Framework_Basic
B Add new device
o Device
% ohenvaz 00000 K
Y Device configuration
%/ Online & diagnostics
¥ Runtime semings
» [ screens
» [§) Screen management
» @ HMitags
%24 Connections
= HMI alarms
» [ ] Parameter set types
&l Logs
5] scheduled tasks
» [g) Scripts
3 Cycles Prepare download to device.
Ll Text and graphic lists
» [ DP.FRWA2.1.0.000CC1-KEO1 [CPU 1214C DUDC/DC]
» %) Drives
» h Ungrouped devices
» &g Securitysettings
» [ Crozs-device functions
» [§§ common data
» (£l Documentation settings Cancel
» [@ Languages & resources TS,
» [& version control interface
» I3 sivarc
» [ Online access
» 5 Card Reader/USB memory

networks

Figure 14-5: How to start the simulation of the HMI application
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Go back to S7-PLCSIM and navigate to “SimView” (1). For example, add a sim table (2) from the library to simulate digital
inputs or to monitor digital output.

S7-PLCSIM V20 Q2 Unsaved workspac

SimView_1 i\ t V3

E SIM Table

View and modify values in a table

view

Event

Configure and trigger events

mulate an external process
interacting with your program

Figure 14-6: How to add a sim table in S7-PLCSIM

NOTE S7-PLCSIM offers additional simulation options such as events and sequences (see ). Check

the online help by clicking the “?” icon in the top right corner of S7-PLCSIM to learn more about it.

Add PLC tags manually by entering the physical address (e.g. “Q0.0:P") into the “Address” field of the sim table or import
the PLC tags from the running simulated PLC instance. For the import, navigate to “Properties” (1). If needed, set a filter
and click on “Load Selected Tags” (2) to add the PLC tags to the sim table.

ST-PLCSIM V20

s SimView_1
E —_— SimTable_1
DP. 2.0
instance Binding

B L] Name 41 e Display Farmat i MonitorfModify State I Instance_1

m Views

play Columns

Figure 14-7: How to add PLC tags to a sim table in S7-PLCSIM
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Start the sim table (1) and modify the state of the digital inputs (2) or monitor the state of the digital outputs in the online
view.

S7-PLCSIM V20 €

SimView_1

1 ————————————————

B8 SimTable_1

D Name |7 Address |1 Display Format |1 Monitor/Modify State Comment |1

D dummyinput 10.0:P

L

Figure 14-8: How to start a sim table in S7-PLCSIM

NOTE Tipp: Save the PLCSIM workspace to reuse it next time (1) — (2).

S7-PLCSIM V20 ff\-‘z- Unsaved workspace

SimView_1 New Ctrl+N

| [~ Open Ctrl+ O

g8 SimTable_1 Save Ctrl +5

[(4 saveas Ctrl + Shift+S
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15.

15.1.

In the engineering system, you can specify whether you are using local, the user data is stored in the device, or central
user management where the user data is loaded from UMC. By default, the use of the local user management is defined
in TIA Portal.

To be able to manage users in your project, you can perform the following actions:

User Management

General

Open the editor "Security settings > Users and roles" (1).

Open the Roles Window (2)

By selecting one of the users (3), the settings of the user are shown in the bottom screen

Open the Runtime Rights Window (4), there you can see the Runtime rights of the role (5).

To assign roles to a user, follow these steps:

Open the "Users" tab (6).

User Management

Select the user to whom you want to assign roles (7). Note that you cannot use multiple selection.

Enable the desired roles (9) in the "Assigned roles" section (8).

The procedure described is illustrated by the pictures below:

[ Devices | Plant objects |
B (%] = By checkin By B

» [ Drives
» Tl Hubs
» Tl loDevices
» Gl Sensors
» ‘& Ungrouped devices.
~ 5% Securiy settings
.i.! Settings
i User: and role:
» (28 Crossdevice functions
» (3 Unassigned devices
» (& common data
» (5] Documentation setings
» [ Languages & resources
» L4 Version controlinterface
» 3 Online access
» [ Card ReaderlUsB memory

AOEE

©

<D

v | Details view

Automation_Framework_DevProj V2 » Security settings » Users and roles

Roles.
Name Description

i Orve Adminiztrator
#i Drive Safety Engineer
4 Drive Engineer and Service

1 Drive Operator
9 Drive Guest
4 Drive Ex Role Fieldbus

1 Fvthonitor
i HM MonitorClent

i HM Oniine Confguration £n
# NETadminitrator

i NETStandard

System-defined role *Drive Admini.
m-defned role “Drive Safety
m-defined role *Drive Engine.
m-defned role “Drive Operat

System-defined role "Drive Guest®
System-defined role “Drive Ext. Rol
@ Role SDI Standardiady  System-defined role "Drive Ext Rol

System-defined role "HM Adminis

System-defined role "HM Monitor”
System defined role "HM Monitor

m-defined role “NET Adminis.

System defined role "HM Operator”

m-defined role “HM Online C...

System-defined role *NETStandard®

Runtime timeout
0 Mn 3
30 Mn
30 Min
30 Min

30 Mn

30 Min
30 n
30 Mn
20 Min

30 Mn
30 Mn
30 Hin
30 Mn

30 Mn

<

Engineering rights. ] Runtime rights

Function rights c...

v Runtime rights HNome Group
1500V [¥] Read drive dota or acknowdedge
DP.FRUA [¥] Control drive in manuel mode

v 57

| Userspecific runtime rights

Comment
| *Drive Administrator” role

“Drive Safety Engineer” role

“Drive Engineer and Service” role

“Drive Operator” role

“Drive Guest® role

Anyone can change drive dats via the feldbus proto.

Auser with this role can change drive data via the 5

User Management, Moniter, Operate, Remots access

Monitor, Operate, Remote access - Monitor only
Monitor, Remote access - Monitor only

WinCC Unified Client Monitor - limited access
Operate HM, read and write access, personalized

[# Users [#8 Usergroups |1 Roles |

é

Function rights

DP.FRVIA1.1.0. [¥] Perform drive disgnostics

¥ SINAMICS [ perform firmware updete
DP.FRWA.1.1 [¥] Create backup or load drive data t
DPFRVIAL.1.1 [¥] dit device configuration or drive
DPFRVAT 22 [ editsafety ntegrated application
DPFRVIAT1.1 [¥] Edit web zerver configuration
DPFRVAT1T [¥) Manage users and roles
DPFRVALLY

» VinCC Unified Co...

Comment

Figure 15-1: Configurate roles and rights
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Users and roles

User Management

Automation_Framework_DewvProj V2 » Security settings »

m [§ Users lﬁ Usergroups |- Roles |
% ie g |
Users
User name Password Funtime timeout | UM domain 1D Comment
# & anonymous User created by default that does ..
G f M smih e [~1# 30 Min PY: Siemens1123] Role: Admi
§ M sones 000000 MR rreeeses ™ 30 Min PW: Siemens!123 Role: Mainten
f ™ Rober:s ot M 30 Min PW: Siemenz!123 | Role: HM Oper...
= - Ty
| Assigned user groups Assigned roles | Assigned rights |
Assigned roles
Assigned to | Hame Description Runtime timeout Comment
oid =] Drive ¥ role *Drive Admini... 30 Min “Drive Administrator® role [~
w = Drive SafetyEngineer System-defined role *Drive Safety . 30 Min *Drive Safety Engineer” role w
fi & Drive Engineer and Service System-defined role "Drive Engine... 30 Min “Drive Engineer and Service” role
i B Drive Operator System-defined role *Drive Operat... 30 Min “Drive Operator” role
ft B8 Drive Guest System-defined role *Drive Guest® 30 Min “Drive Guest” role
ww 0O Drive Ext. Role Fieldbus System-defined role "Drive £xt. Rol... 30 Min Anyone can change drive data via... -
i B Drive Ext. Role SDI Standard/Adv  System-defined role *Drive Ext. Rol... 30 Min A user with this role can change d...
i & HM defined role "HM Adminis... 30 Min User Management, Monitor, Oper..
[H =] HM Operater System-defined role *HM Operator® 30 Min Moniter, Operate, Remote access
it O HM Monitor System-defined role "HM Monitor” 30 Min Menitor, Remote access -Monitor ..
Bk B HM Monitor Client System-defined role "HM Monitor . 30 Min WinCC Unified Client Monitor -fimi. =
#h B Hh Online Configuration Engineer  System-defined role *HM Online C... 30 Min Operate HMI, read and write acce.
i & NETA defined role *NET Adminis_ 30 Min
i B NETStandard System-defined role *NET Standard” 30 Min
#n & NETDiagnose System-defined role *NET Diagnos.. 30 Min
H = Administrator Userdefined role: 10 Min Level 1+ Level 2+ Level 3
(=] Maintenance Uzerdefined role 30 Min Level 2+ Level 3
B Operator Userdefined role 30 Min Level 3
=] Everybody (Web zerver)-DPFRWA  Userdefined role 30 Min Role ofa migrated user ofthe leg.
=] Audit 12t Signature Userdefined role 30 Min
B Audit 2nd Signature Userdefined role 30 Min [»e]
& Properties |74 Info & | % Diagnostics

Figure 15-2: Configurate users and assigned roles

User Management and Access control (UMAC) to protect the Project, PLC, Drives and Scalance

TIA Portal offers comprehensive UMAC for the TIA projects and devices. You can administrate the access to the
engineering. Users can run only functions along their roles.

To active UMAC it is necessary to enable project protection.

WARNING

NOTE

Project protection cannot be revoked.

With loss of login information from protected projects — the project will be lost.

Use of project protection is advised only with proper login and password information safekeeping.

It is recommended to activate UMAC or Project protection earliest in commissioning phase if you need
to make sure that functions or configurations are not changed from anybody anymore, latest after the
handover to the end user.

Please find more information in the TIA Portal online help under “UMAC" or in the manual for
SIMATIC Step7 V19 (chapter 9):

https://support.industry.siemens.com/cs/de/en/view/109826862.
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15.2.

Demo Implementation

User Management

The AFsasic project includes an example of how various user management/access control can be configured based on
“Local Users”. There exists three different “function rights” in the “User-specific runtime rights” (4), which were created to
set up different access levels for HMI users. In the picture below for the Administrator user(3), the “User-specific runtime

rights” can be found in the tab “Roles” (2), in the “Users and roles” menu (1).

| Devices Plant objects

[ = 8y checkin By By X

» gl Drives B
* & Hubs

» & laDevices

b ) Sensors

il rive Ext Role s01 Stendardiady
fi v

Description
Sytemdefined role *
System-defined o
Systemdefined o
System-defined role "Drive £xt Aol 30 i

Automation_Framework DevPro] V2 » Security settings » Users and roles

Runfime fimeout | Comment
30 Min
P tén

30 tan A

# with this role can change &
ole "HM Adminis . 30 Min User Management, Monitor, Oper.

i i opsrator
i s vinieor
4 HM Monieor Clent

» 3 unassigned devices.
» [ commen deie i NETAdminisator

» (E] Decumentation setings
» B Languages B resources
b [l Verzion conuol interface:
» (i Gnline access

m-defined role "rvi Operatar 30 Min Monitor, Operste, Remote access
m-defined role "HM Moniter” 30 Min Monitor, Remote secets - Manitor
m-defined role HM Moniter .. 30 Min VinCC Unified Client Monitar -limi..

[# Users [ifi Usergroups [T Roles |

i #M Oniine Canfigurstion Enginesr  System-defned role "HI Onfine € 30 1 Operste HM, 1=ad and write acce.
System-defined rofe "NETAdminis... 30 hin
System-defined role "NETStandard” 30 tin
System-defined role "NETDiagnos.. 30 hin
Userdefined role 0 i 5] Level 1+ Level 2+ Level 3 ||
Uzergefined role 30 Min- Level 2+ Level 3 ”

b (89 Card Readeiss memony

| Engineering rights | Runtime rights

| User-specific runtime rights |

~ | Details view

Figure 15-3: User and roles page

To assign function rights to a role or remove assigned function rights, follow these steps:

e Open the "Roles" tab.

Function rights
Neme: Group Comment
e - - 1- ~
Level 1 Userspecive runime Agh Tamin:
Level 2 Userzpecific ranime rights Adminis trater - Maintenance

] Level 3 Userspecific funtime ights Adrminstratar + Maintenance - O

e Selectarole (1) or create a new one. Please note that you cannot use multi-selection for assignment.

e In the lower area, open the tab with the category from which you want to assign or delete function rights.

e Activate the function rights that you wish to assign to the role (2).

e Deactivate the function rights that are no longer assigned to the role (2).

| O] [i Users [l Useraroups [i | Roles ||
=
Roles
Name Description Runtime timeout | Comment
fi NETAdministrator System-defined role "NET Adminis_.. 30 Min [~]
#i NETStandard System-<defined role "NETStandard” 30 Min
fi NETDiagnoze System-defined role *NETDiagnos... 30 Min
L Administrator Userdefined role 30 Min Level1+level 2+ Llevel3
1l Maintenance Userdefined role 20 Min ] Level 24 Level 3 0
| operator Userdefined role 30 Min Level 3
4| Everybody (Web server) -DPFRWA  Userdefined role 30 Min Role of a migrated user of the legacy web server user...
l Audit 15t Signature Userdefined role 30 Win =
| Audit 2nd Signature Userdefined role 30 Min
4] Anonymous (Protection access)-  Userdefined role 30 Min  Role Created for anonymous user to accesslevel in pr.
¥
Engineering rights | Runtime rights | User-specific runtime rights
Function rights c... Function rights.
~ Runtime rights Name Group Comment
» 57-1500 V3.1 (fail [] Reset UMC passward A
P SINAMICS [ First electronic signature Used to provide electronic signat...
~ WinCC Unified Co [7] second electronic signature Used to provide electronic signat...
DP.FRWAT.1.0... [0 control Panel access
[] importand export users
M Level2 Userspecific runtime rights Administrator + Maintenance
¥ Level 2 User-specific runtime rights Administrator + Maintenance + O... =
[ Levelt Userzpecific runtime rights Administrator
<] m | > v

Figure 15-4: Runtime rights
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User Management

These roles can be renamed, or the list can be extended by another role. To assign roles to a user, follow these steps:
e Open the "Users" tab (1).
e Select the user to whom you want to assign roles (2). Note that you cannot use multiple selection.

e Enable the desired roles in the "Assigned roles" section (3).

Automation_Framework_DevProj V2 » Security settings » Users and roles

O] [# Users [§ Usergroups [ Roles

%ie =
Users
User name Fassword Runtime timeout UM domain 1D Comment
# B anonymous User created by default that does _ [a]
§ B smith ™ 30 Win PW: Siemens!123] Role: Administr_ =l
A8 ones CICE WS 23] Role: Maintena... =l
t & Roben: M 30 Min PW: Siemenz|123 | Role: HM Oper...

‘ Assigned user groups U Assigned roles H Assigned rights \

Assigned roles
Assigned to  Name Description Runtime timeout Comment
#n O Drive Administrator System-defined role *Drive Admini... 30 Min “Drive Administrator” role [a]
#w O Drive Safety Engi ystem-defined role *Drive Safety ... 30 Min "Drive Safety Engineer” role i
i =] Drive Engineer and Service System-defined role *Drive Engine_ 30 Min *Drive Engineerand Service” role
W O Drive Operator System-defined role *Drive Operat . 30 Min “Drive Operator” role
w B Drive Guest System-defined role *Drive Guest™ 30 Min “Drive Guest” role
i O Drive Ext. Role Fieldbus System-defined role "Drive Ext. Rol... 30 Min Anyone can change drive data vis... =
W B Drive Ext. Role SDIStandard/Ady  System-defined role "Drive Ext. Rol... 30 Min A user with this role can change d... 1
W & HW Administrator System-defined role "HMI Adminis_. 30 Min User banagement, Menitor, Oper...
0 =] HK Operator System-defined role *HM Operater” 30 Min Moniter, Operate, Remate access ..
i (=) HMI Manitor System-defined role *HM Monitor® 30 Min Monitor, Remate access - Monitor ...
#w B HM Monitor Client System-defined role *HM Monitor . 30 Min WinCC Unified Client Monitor - limi...
#n 0O HM Online Configuration Engineer  System-defined role “HM Online C... 30 Min Operate HMI, read and write acce...
] NET Administrator System-defined role "NET Adm 30 Min
i NETStandard System-defined role "NET Standard” 30 Min
i NETDiagnose System-defined role *MET Diagnos.. 30 Min
i Administrator User-defined role 30 Min Level 1 +Llevel 2 + Level 3
4 & Meintenance Userdefined role 30 Min Level 2+ Level3
g B8 Operator Userdefined role 30 Min Level 3
g B Everybody (Web server) -DPFRWA  User-defined rale 30 Min Role of a migrated user of the leg

Figure 15-5: Assign roles

After the user and the roles are configured, it is necessary to set up the project and screens with the related access levels.
In the AFsasic project, an example has been implemented. The “Setting” screen (2) should be only accessible for the users
with the “Role” “Level1”. Therefore, the “Security” settings (3) need to be configured and “"Authorization” must be set to
“Level1”. This configuration led to the behavior, that only users with role “Level1” can access the settings page of the
AFsasic HMI.

Automation_Framework_DevPro] V2 » DPFRWA1.1.0.0000P1-KE20 [MTP1200 Unified Comfort] » Screens » 00_Screenlayout » ScreenLayout

Devices \ Plant objects { m
WS hioan Hi' L @ER|FAasABIATAUF+I= WEN S & S & %y -IBI USAKANE R S
[~
~ _| Aupmation Framework_DevProl ¥2 ~

B AGd new device
rh Devices & netwarks
» [l DP.FRWA1.1.0.000CC1-KEOT [CPU ...
» _Jj DP.FRWA1.2.0.000CC2-KEOT [CPU ...
= {3 DP.FRWA1.1.0.0000P1-KE20 [MITP...
Y Device configuration
%! Oniine & diagnostics
Y Runtime setings
~ [ screens
B¢ Add rew screen

00_Screenlayout =
i ) screentayout
¥ . PopUps

» Ty SubNavigation
+ T ThirdNavigation
» %u 01_CenmaFunctions

b Fa 02_MichineOverview g [100%

» B 99_ObjectsOfProjectiibraryu
» B UI_Unit_scL
b By U2_Uni2
» T U3_Demo
¥ £z US_Unit_ Dummy
) Screen management
g HMags
%2, Connectons
2 Hva alarms.
» ] Parameter set ypes
T wops
8] scheduled tasks
» [§) scrips
& comaboration data
) Cycles

B

| Properties | Events Texts | Expressions

BEEY al=
Name Static value
v General
Graphic Setings_icon
v Appearance
» Format

» Miscelaneous

> Securly
Authorization Level 1
Expiick unlock - required

Operator control - allow

# Dynamization (2)

None

Figure 15-6: Assign an Authorization level to a screen object
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User Management

System defined roles:

Drive Administrator

Drive Safety Engineer
Drive Engineer and Service
Drive Operator

Drive Guest

Drive Ext. Role Fieldbus — Anyone can change drive data via the fieldbus protocol if the "Anonymous" user has this role
(with the exception of the settings for Safety Integrated and user and role management). This also applies to the
"Drive Engineer and Service" role.

Drive Ext. Role SDI Standard/Adv - A user with this role can change drive data via the SDI Standard Panel (with the
exception of the settings for Safety Integrated and user and role management). This also applies to the "Drive
Engineer and Service" role.

HMI Administrator - User Management, Monitor, Operate, Remote access, Remote access - Monitor only, Openness
Runtime - read and write access, OPC UA - read and write access, Import & export users, Reset UMC Password,
GraphQL access.

HMI Operator - Monitor, Operate, Remote access - Monitor only.
HMI Monitor - Monitor, Remote access - Monitor only.

HMI Monitor Client - WinCC Unified Client Monitor - limited access.
NET Administrator

NET Standard

NET Diagnose

User defined roles:

Administrator — Level 1 + Level 2 + Level 3
Maintenance — Level 2 + Level 3

Operator — Level 3

User group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Administrator X X X X X X X X X
Maintenance X X X X
Operator X X
Anonymous

Table 15-1: Runtime and user specific rights
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Run the demo

16. Run the demo

The AFeasic is tested using real hardware and is a runnable program. However, some use cases involve a higher number of
devices than are available in the test environment. As a result, some devices and signals are simulated or simply
represented as tags in a data block. The AFsasic project can be executed either with real hardware or through simulation.
For running in simulation mode, PLCSIM and PC Runtime are required.

This approach allows for the evaluation and verification of the program’s functionality in a controlled environment before
final deployment with all physical devices. Simulation ensures that multiple scenarios and configurations can be tested
without needing all the necessary hardware from the beginning. In summary, the AFsasic provides flexibility and
robustness in the testing process, ensuring that both real hardware execution and simulation deliver consistent and
reliable results.

When the user tries to download the compiled program in the PLC (1), a window will pop up asking for login with the
credentials of the user that is authorized to write in the PLC.

5 (W saveprojecr. & X T3l T X W8 (=2 |G Bl R coonline ¥ cooffine o M x | 1| naiy -
Project tree o«

| Devices | Plantobjects

w ] Automation_Framework_Dev_TIA_V20

I Add new device

g5y Device: & networks

» (i DP.FRWA2.1.0.0000P1-KE20 [MTP1200 Unified Basic]

» [ DPFRWA2 1.0 000CCI-KEOT [CPU 1214C DOUDCIRIY]
» [t Drives
» [t] Hubz
» &) loDevices
» i Ungrouped devices
» &g Security settings Althorized connection [DP.FRWA2.1.0.000CCT-KEOT]
» 28 Crozz-device functions
b L3l Unassigned devices
» (5 Commondata
» [£] Documentation settings

Apassword is needed to access write-protected objects ofa protected device.

» [@ Language: & resources Usertype: | Log on with access level password =]
» L4 Version contral interface Username: |
» [ Test Suite .

» [igi Online access L

» (5 Card ReaderlUSE memo e —
o - Lﬁ 0K | Cancel |

Figure 16-1: Download of the compiled program in the PLC

The user type to choose is “Project user” (2). Then the “User name” and “Password” field must be fulfilled. The information
of this credentials can be found within the Security settings in the “User and roles” menu (See Chapter 15 User
Management). For demo purposes, the user must have an administrator role. In this case the login data will be the
following:

Automation_Framework » Security settings » Users and roles

%t ie
Users
User name Usertype  Password Runtime time... UM domain ID Comment
§f ™ Anonymous User created by default that does not ...
{ [M Smith Localuser ******** || 30 Min PW: Siemens!123] Role: Administrator |
f 8 Jones Local user **wwrwEw 8 30 Min PW: Siemens!123| Role: Maintenance
i &

Roberts Localuser *******+ [ 30 Min PW: Siemens!123 | Role: HMI Operator

Figure 16-2: Login data of user with administrator role

Authorized connection [DP.FRWAZ2.1.0.000CCT-KEOT]

A password is needed to access write-protected objects of a protected device.

Usertype: || Local user m

User name: || smith

Password: .......----l

, 0K ] 1 Cancel 1

Figure 16-3: The user must fulfill the login data to authorize the connection with the PLC
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Run the demo

From the HMI side, to run the demo, the user must simulate the panel. Once the simulation is running, the HMI is not
operable. The user has to login with the same login data as in the PLC with administrator credentials. For that, by
pressing/clicking in the “User” field, a pop up for sign in will appear (1). Now the user can fulfill the login data (2), then
the HMI will be operable.

Machine Overview i " | st g [E] 2025/07/03 13:21:38 =

SIEMENS

b

an 2 S >l start | sStop  JR

Machine Overview

Unit1

This is an
example.

Status

Simulation ON

Figure 16-4: Non operable HMI. The user has to login with administrator credentials

WinCC Unified Runtime

[} Remember me

Changes language

Figure 16-5: Login in the HMI with administrator credentials
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Additional information

17. Additional information

17.1. Siemens Guidelines

Standardization

The standardization guide shows you how you can modularize your machines and systems. It gives you recommendations
and hints for structured and standardized programming of your automation solutions.

https://support.industry.siemens.com/cs/ww/en/view/109756737

Programming Guideline

The controller generation SIMATIC S7-1500 with its up-to-date system architecture should always be used together with
the TIA Portal. Both are perfectly coordinated and offer efficient options of programming and configuration. The
Programming Guideline for SIMATIC S7 1200 and S7-1500 provides information about innovations, recommendations,
and tips to create a powerful user program with TIA Portal in combination with SIMATIC S7-1200 and S7 1500 controller.

https://support.industry.siemens.com/cs/ww/en/view/81318674

Programming Styleguide

A PLC program should be as readable and structured as possible so that it is feasible for each software developer,
commissioner and maintenance engineer to read and understand the code.

If each developer realized his tasks in its own philosophy, it would be unavoidable that the resulting code is only
interpretable by the respective creator.

With the Programming Styleguide for SIMATIC S7-1200 and S7-1500 Siemens offers some help to create a uniform
program code which is maintainable and reusable even in case of multiple developers working on the same application
program.

https://support.industry.siemens.com/cs/ww/en/view/81318674

Engineering guideline for WinCC Unified

Unified Panel and PC-RT devices offer the latest technologies such as HTML5, JavaScript and scalable vector graphics
(SVGs). In order to use them efficiently, you should follow some engineering recommendations.

The presented implementations can be helpful if you start a new project but also if you have an existing project already
there.

https://support.industry.siemens.com/cs/ww/en/view/109827603

Test Suite Advanced: Checking TIA Portal projects for compliance with a programming style guide

The application example provides a rule set for checking the Styleguide with TIA Portal Test Suite Advanced. A demo
project shows you how the Styleguide check works.

https://support.industry.siemens.com/cs/ww/en/view/109779806

Guideline on Library Handling in TIA Portal

The Guideline on Library Handling in TIA Portal describes the creation of a corporate library using typified library elements
in TIA Portal. Using such types offers some advantages, for example a central update function of all instances, system-
supported version management and change tracking of library elements.

https://support.industry.siemens.com/cs/ww/en/view/109747503

Multiuser Engineering in TIA Portal

With Multiuser Engineering in TIA Portal, it is possible to work with multiple users together and simultaneously on a
project. By processing different objects in parallel within a multiuser project, you can significantly shorten the project
planning and commissioning times.

https://support.industry.siemens.com/cs/ww/en/view/109740141
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Additional information

17.2. TIA Portal Options

TIA Portal Test Suite

The TIA Portal Test Suite enables you to define a rule set which contains several rules against which Function Blocks,
Functions, Organization Blocks, varieties of global DBs/Instance DBs, PLC tags and User Defined Datatypes are validated.

https://support.industry.siemens.com/cs/ww/en/view/109825229

SIMATIC Visualization Architect (SiVArc)

With the SIMATIC Visualization Architect (SiVArc), TIA Portal provides an option to generate the visualization with the aid
of rules which define the assignment between the control program and the visualization. Using this option saves
configuration time and prevents errors, particularly in recurring tasks.

https://support.industry.siemens.com/cs/ww/en/view/109826234

17.3. Software for shared tasks at a glance

The powerful tools offered by SIMATIC software will save you valuable time, allowing you to focus on your core
automation tasks. An overview of the software is shown in the following link:

https://new.siemens.com/global/en/products/automation/industry-software/automation-software/software-for-shared-
tasks.html

TIA Selection Tool

For your application we offer the TIA Selection Tool to support all project planners, beginners and experts alike. No
detailed portfolio knowledge is necessary. TIA Selection Tool is available for download as a free desktop version or a cloud
variant.

http://lwww.siemens.com/TIA-Selection-Tool

Start directly https://mall.industry.siemens.com/tstcloud/#/Start

Sinetplan

The Siemens Network Planner supports planners of automation systems based on PROFINET and supports the professional
and proactive simulation of the network of a system.

https://support.industry.siemens.com/cs/ww/en/view/109763136

PRONETA

PRONETA Professional supports the operator of automation systems in the automated data acquisition of the components
used as well as the comprehensive diagnostics functions used in the PROFINET network.

Professional https://support.industry.siemens.com/cs/ww/en/view/109781283

Basic https://support.industry.siemens.com/cs/ww/en/view/67460624

SIMATIC Automation Tool
SIMATIC Automation Tool can be used in the field for operating and maintaining the installed devices.

https://support.industry.siemens.com/cs/ww/en/view/109816217

Siemens OPC UA Modeling Editor (SIOME)

With the free "Siemens OPC UA Modellingo Editor" (SIOME) tool, we have created an editor for defining your own OPC UA
Information Models or mapping existing companion specificati ns on your SIMATIC PLC/SINUMERIK. Using this tool, you
can import and edit Information Models as XML files or generate and export individualized models.

https://support.industry.siemens.com/cs/ww/en/view/109755133
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Additional information

SIMATIC Controller Profiling

With SIMATIC Controller Profiling, you can analyze and evaluate the runtime behavior of your user program on a SIMATIC
S7-1500 controller from firmware 3.1 in depth and S7-1200 G2 controller. All relevant information can be graphically
displayed and evaluated using Google Chrome.

https://support.industry.siemens.com/cs/document/109750245
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18. Appendix

18.1. Service and Support

SiePortal

The integrated platform for product selection, purchasing and support - and connection of Industry Mall and Online
support. The SiePortal home page replaces the previous home pages of the Industry Mall and the Online Support Portal
(SI0S) and combines them.

e Products & Services
In Products & Services, you can find all our offerings as previously available in Mall Catalog.

e Support
In Support, you can find all information helpful for resolving technical issues with our products.

e mysSieportal

mySiePortal collects all your personal data and processes, from your account to current orders, service requests and
more. You can only see the full range of functions here after you have logged in.

Technical Support

The Technical Support of Siemens Industry provides you fast and competent support regarding all technical queries with
numerous tailor-made offers — ranging from basic support to individual support contracts. Please send queries to
Technical Support via Web form:

SITRAIN - Digital Industry Academy

We support you with our globally available training courses for industry with practical experience, innovative learning
methods and a concept that's tailored to the customer’s specific needs.

For more information on our offered trainings and courses, as well as their locations and dates, refer to our web page:

Industry Online Support app

You will receive optimum support wherever you are with the "Siemens Industry Online Support” app. The app is available
for iOS and Android:

Available on the Aiuﬂnlum'l' on
D App Store P> Google play
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18.2. Links to literature

No.

Topic

Appendix

\T\

Siemens Industry Online Support
https://support.industry.siemens.com

\2\ Link to this entry page of this application example
https://support.industry.siemens.com/cs/ww/en/view/109987391

\4\ TIA Portal Add-In Code2Docu for generating documentation
https://support.industry.siemens.com/cs/ww/en/view/109809007

\5\ Siemens Information Model Kit for manufacturing use cases

https://support.industry.siemens.com/cs/ww/en/view/109814835

Table 18-1: Links and literature
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18.3. Change documentation
Version Date Modification

2.0.0 2025/04/07 First version

2.1.0 2025/05/14 Update:

e Improved performance :
Reduces runtime of the following blocks per PLC cycle by optimizing code and
distributing load to different subsequent PLC cycles. Additionally, improved
behavior, interface and memory consumption.

- FCLAF_PIcDiag
- FCLAF_Checksum
- FB LAF_MemCardDiag

e Improved HMI resource consumption:
Reduced amount of used HMI ressources by optimizing tag connection for the
following screens :

- Settings

- SettingsChecksum
- SettingsDateTime
- SettingsIM

2.1.0 No official version

2.1.1 2025/05/20 Update:

e Fixed bug in LAF_fpDirectEmControl.
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2.2.0 2025/6/30 e Added symbols and single letters texts to all configured project languages
e Improved Documentation and added chapter for Manual Operation
e Updated the Sub and Third Navigation structure
e Added the chapter 7.3.7 for the new scripts for the navigation
e Updated the chapter about how to remove a unit on the HMI
e Added the chapter about how to add a new unit on the HMI
e Updated the chapter about how to resize the HMI
e Added the chapter 7.6 for the style setup
e Renamed FB “CallGlobal” to FB “CallGeneral”
e Improved read local PLC time handling
- Changed type of Global.Data.general.localPlcDateAndTime from
LAF_typeGlobalDateTime to DTL to make it compatible with S7-1200 G2. (G2
doesn’t support data type DT).
- In FB CallGeneral, substituded FB LAF_ReadPlcDateAndTime with the system
function RD_LOC_T, as LAF_ReadPIcDateAndTime is not needed any more.
- Changed Global.Settings.setLocalPIcTime.newDateAndTime from DT to DTL to be
compatible with S7-1200 G2.
- In FB CallSettings, substituded FB LAF_SetPlcDateAndTime with the system
function WR_LOC T, as LAF_SetPIcDateAndTime is not needed any more.
- Added a FC“LAF_ConvertDTL" to be called before the relevant SICAR blocks to
provide the needed data type “LSicar_typeGlobalDateTime".
e Text list improvement : Corrected the numbering of the entries in the follwoing text
lists :
- PLC_Checksum_PD
- PLC_ControlOnOff_PD
- SMC_Diag_AlarmWarninfo_PD
¢ Information model kit types renamed:
- From LAF_typeMachinelnformation to LAF_typelnformation
- From_typeMachineStatus to LAF_typePerformancelndicators
e Update LBC Library

LAF Library
NEW:
LAF_LinkUnitStatusToSequence [ V2.2.0
- First released
LAF_ManCmMultiplexing / V2.2.0
- First released version
LAF_ReadBoolSignals / V2.1.0
- First released version
LAF_ReadWordSignals / V2.1.0
- First released version
UPDATE:
LAF_Checksum /V2.2.1
- Update header info
- Reduced runtime of the block per PLC cycle by distributing the work load to
multiple subsequent PLC cycles.
- Included Alarms, per default ProDiag. If no ProDiag is configured, alarms could
be published via Program Alarms by enabling the respective input of the block.
- Update header info
LAF_ConvertDTL/V2.2.0
- Interface types updated, no functional changes.
LAF_ClearAlarms / V2.2.0
- Header information updated and removed commandsToUnit
- Alarms array data type updated from Bool _LAF_typeEvents_ type.
- Interface data type _LAF_typesEvents_ updated.
LAF_ClockGenerator / V2.0.0
- Block information updated
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LAF_CmDummyCn /V2.2.0

- Update block info

- Improved control module behaviour: Added command2, added error when
command1 and command2 are set the same time, added

LAF_ControlEm /V2.2.0

- Creation of inputs to enable HMI and local interfaces to set mode and state,
_enModeStateCtrlIByHmi_and _enModeStateCtrIByLocal_. Fixed bug in assigning
the _unitStatus_ to the local interface.

- Updated interface type _LUC_typeCommands_, LAF_typeEmControlNode_and
_LAF_typeEminterface_. Implemented special functions evaluation from local
and HMI interfaces. Updated evaluation of the enable status of the EM, now is
always enabled independant if the EM is linked or unlinked. Rearranged the
order of _hmilnterface_and _locallnterface_ interfaces.

LAF_ControlLadSequence / V2.2.0

- Updated block info

- Updated header info

- Improved code for the initialization logic. Removed ImmediateStop as implicit
functionality and realized that functionality as a normal job. Added rising edge
detection in the single mode step. Improved general code and simplified
interfaces.

LAF_ControlSclSequence / V2.2.0

- Updated header info

- Improved code for the initialization logic. Removed ImmediateStop
LAF_HmiHeaderMultiUnitManager / V2.0.0

- Block information properties updated

- Updated unit data information from _LAF_typeUnitinterface_ to
_LUC_typeControlinterfaceCompact_.

LAF_HmiHeaderSingleUnitManager / V2.2.0

- Implemented special functions managment between PLC and HMI. Updated unit
data from _LUC_typeMonitoring_ to _LUC_typeControlinterfaceCompact_.
Interface variables _modeRequestButtons_and _stateCommandButtons_
replaced with _hmilnterface_.

- Interface types updated, no functional changes.

LAF_ManEmConfig / V2.2.0
- Corrected Predefined parameter for "screenData". Changed max areas number
const from 7 to 6.
- Updated block with call to Multiplexing FC and new adapted UDTs
LAF_ManOperationCm /V2.2.0

- Updated header

- Updated UDT for ManOperation
LAF_ManualOperationFaceplate / V2.2.0

- Updated header

- Adapted UDT for manOperation
LAF_ManualOperationinternal / V2.2.0

- Updated header. Corrected Description

- Adapted new UDT for ManOperation
LAF_ManualOperationMain / V2.2.0

- Updated header; Corrected Predefined parameter for "screenData"

- Adapted new UDT version for manOperation
LAF_MemCardDiag / V2.2.1

- Update block info

- Reduced runtime of the block per PLC cycle by distributing the work load to
multiple subsequent PLC cycles.

- Included Alarms, per default ProDiag. If no ProDiag is configured, alarms could
be published via Program Alarms by enabling the respective input of the block.

- Update header info

LAF_PowerOnOff / V2.0.0

- Update block call
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Version Date Modification

LAF_ReadCycleLimits / V2.0.0

- Update block info

LAF_Selectlob / V2.2.1

- Locked Output behaviour changed

- Update block info

- Improved the code and the behaviour. Removed the Output _jobStatus_and
InOut _jobs_ and moved all relevant variables in the InOut _sequence_. The
connection between the FB LAF_SelectJob and the Sequence is realized by the
InOut _sequence_.

- Inthe code, replaced _sequence.status.manualControlAllowed_ by
_sequence.enableManualCtrl_. _sequence.status.manualControlAllowed_ is set
by the FB LAF_Status. Sequence and therefore the value change is seen by
LAF_Selectlob one cycle after the value change of
_sequence.enableManualCtrl_. That caused unwanted

LAF_SetAxisSimulation / V2.2.0

- Block information updated

- Simulation Trigger logic improved
LAF_SetDriveObjectConfig / V2.0.0

- Block information updated
LAF_StatusLadSequence / V2.2.0

- Updated block info

- Updated header info

- Improved general code and simplified interfaces.

LAF_StatusSclSequence / V2.2.0

- Updated block info

- Updated header info

- Improved general code and simplified interfaces.

LAF_SummarizeCommandsToUnit / V2.2.0

- Unification of prodiag and bit alarms. Extention of commands sent to the unit.
Implementation of subcategories evaluation in bit alarms.

- Extention of subcategories according to the commands sent to the unit. There is
a subcategory defined for each posible commnd that can be sent to the unit.

LAF_UpdatelobHistory / V2.2.0

- Header information updated

- Changed history InOut to a [*] to enabled flexible length
LAF_UpdateStepHistory / V2.2.0

- Header information updated

- Changed history InOut to a [*] to enabled flexible length

DELETED:

LAF_HmiHeaderManager / V1.1.0
LAF_ManageAlarms / V1.1.0
LAF_MapUnitStatusToSequence / V1.2.0
LAF_ReadPlcDateAndTime / V1.1.0
LAF_SetPIcDateAndTime / V1.1.0

2.2.1 2025/07/11 Bugfixes
e HMI Third Navigation's size bug fixed.

e LAF_CopylJsonFiles bug fixed and updated to V 2.1.1
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2.2.2 2025/09/30 Bugfixes
LAF_SelectJob /| V2.2.2

- Output "#startPending” (in < V2.2.2 = Output "#readyToStart") now gets updated
correctly

LAF_fpDirectEmControl / V2.2.2

- The event on the buttons write into the “commands” structure now so we are
not bypassing the block via the “status” structure.

CallEquipment U3SEM4

- In some networks GlobalDBs where accessed ddirectly in the code, instead of
accessing the GlobalDBs from the interface.

LUC_typeHeaderConfig / V2.2
- Fixed typo in variable names.
ManualOperationLines Screen

- Fixed SubNavigation bug so all manual operation lines appear when changing
from one equipment module to the other through subNavigation.

Updates
LAF_typelobStatus / V2.2.2

- Changed variable "#readyToStart" to "#startPending" for better understanding
LAF_Selectlob /V2.2.2
- Changed output "#readyToStart" to "#startPending" for better understanding

- Itis now possible to restart a singleCyleJob with a new rising edge at input
"#startCondition". So far, another job had to be called first before a
singleCycleJob could be restarted again.

LUC_StatusCollector / V2.2.0

- All commands are now cleared during the first PLC cycle and collected during the
second. This ensures that only commands from fully executed units and
equipment modules are captured, providing up-to-date data for processing.

LAF_typelnterfaceSignalsHmi / V2.1.1

- Changed default values for “screenActive” as TRUE and “selectedPage” as 1.
NEW
LAF_fpUnitSelection / V2.2.0

- Added the faceplate for the Unit selection in a popup: “Select Unit” for better
usability.

Navigation.UnitSelected Script

- Created a script to show in the header the selected units from a SelectUnit
popup, that contains the new LAF_fpUnitSelection faceplate.

Table 18-2: Changelog
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