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Preface

This document describes integration of the PROFIsafe driver into the software of the EK-
ERTEC200P-2 Evaluation Kit. A single-channel hardware architecture and a dual-channel
hardware architecture can be simulated in the implementation.

For the dual-channel implementation, the second microcontroller is simulated, as is the
second independent timer. The application example serves as an example of the firmware
implementation. However, with its existing hardware, it does not constitute a safety-oriented
module and has no safety certificate.

The GSDML has been configured for the PROFIsafe application example so that the fail-safe
telegrams conform to PROFlsafe Profile V2.6 MU1.

The user data is thus structured as follows:

* 1 byte user data (input and output)

* 1 byte status/control byte

* 4 bytes CRC

In addition, the implementation builds on the code of the Evaluation Kit. The user should
have a basic understanding of the Evaluation Kit before adding the PROFIsafe driver to it. The
basic functions of the Evaluation Kit are revisited and explained once again in this description.
The PROFIsafe driver supports multi-instance operation. This means that multiple (up to 32)
F-devices can be installed on one device. Only one instance is configured in this application
example.

NOTICE

Safety operation in a real F-application

The purpose of the application example is to present a possible implementation of the
PROFIsafe driver. The application example is not suitable for safety operation in a real F-
application.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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Introduction 1

1.1 Requirements

Basic understanding of the following is required:

PROFIsafe Starter Kit V3.5.2 (6ES7195-3BF03-0YAO) (not required for commissioning)
EvalKit ERTEC200P V4.7.0 (6ES7195-3BE00-0YAOQ)

PROFlIsafe_3192 V26MU1_Aug18.pdf

profisafe_driver_v2_2 3 programming_manual_en-US.pdf and Evaluation Kit
EK-ERTEC200P-2 PN 10 V4.7.0

— Interface_Description_PN_|O_DevKits_V4.7.0.pdf

— Guideline_EvalKit_ERTEC200P_V4.7.0.pdf

— Manual_ERTEC200P-2_V1_0.pdf

— Howto use J-link JTAG Debugger_on_EB200P_V1_1.pdf

— GSDML_GettingStarted_V1_5.pdf

GSDML Specification

— GSDML-Spec_2352 V243 May22.pdf

PROFINET communication

C programming language

J-Link debugger

Required software and tools

TIA Portal V17

— Example project: Application_Example_PSD_DevKit ERTEC200P_4.7

— GSDML-V2.35-Siemens-ERTEC200pEvalkit-20210601.xml (
...DevKit4.7_PSD_Image\contributions\GSDML\GSDML-V2.35-Siemens-
ERTEC200pEvalkit-20210601.xml )

NOTE

The enclosed GSDML with the V2.35 schema can no longer be used for PROFIsafe
certification. It serves here as an illustrative example and has to be converted to the
current GSDML schema for certification.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7

Getting Started, 09/2022,



GSDML configuration 2

2.1

2.2

2.2.1

Preparation

To configure the DevKit as an F-device during the engineering, you need an extension in the
GSDML file.

The original GSDML file of the DevKit is located in folder "...\contributions\GSDML\(GSDML-
V2.35-Siemens-ERTEC200pEvalkit-20210601.xml)".

The extension of the GSDML is an integral component of the application example.

A TIA test project with GSDML PSD_DevKit_Testproduct V16 that has been adapted for the
application example is available in subdirectory contributions\Simatic_TIA

The following tools and documentations served as the basis for the extension:

* GSDML _GettingStarted V1 _5.pdf

* PROFINET GSD Checker

e GSDML-Spec 2352 V243 May22.pdf

If no changes are made to DAP and submodules, items 2.2.1 to 2.2.4 are omitted.

NOTE

The GSDML-DeviceProfile-V2.35.xsd used serves as an example. An implementation of
the PROFIsafe device, including a new PROFINET device, must be made with the
currently valid GSDML-DeviceProfile, if a product is to be released with it.

Extensions — Step by step

DAP (Device Access Point)

Copy DAP3 from the GSDML, rename it to DAP9 and add the fail-safe functions to it (Standard
MRP PROFIsafe Profile V2.6.1).

Assign a unigue ModuleldentNumber for the F-device in DAP9.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
Getting Started, 09/2022,



GSDML configuration

2.2 Extensions — Step by step

The following figure shows an excerpt from the GSDML:

<DeviceAccessPointItem ID="DAF 9" PhysicalSlots="0..1" ModuleIdentNumber="0x0000000%"
<ModuleInfo CategoryRef="ID ERTEC200PDEVEKit">
Figure 2-1 GSDML DAP9

You can configure the F-module in the F-device (DAP9) on slots 1 to 16.

<UseableModules>
ModuleltemRef ModuleltemTarget="ID Mod 71" RAllowedInSlots="1" iz
< /UaeableModules:

Figure 2-2 GSDML Moduleltem

For configuration of the F-application, the ModuleldentNumber is defined in a define in
header file "psd_interface.h" (see section 5.2 (Page 45)).

2.2.2 Module (slot submodules)

Submodule "ID_MOD_01" with one byte input and one byte output serves as the basis.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
Getting Started, 09/2022, 9



GSDML configuration

2.2 Extensions — Step by step

Using the structure of this submodule as a basis, create and configure the fail-safe-specific
extensions in the new submodule "ID_Mod_71". The new submodule can be found in the
configuration under "1 byte 10 PSD 2.6.1".

|&? Topology view  |gh Network view | [IY Device view |_

E 4 a J Device overview I
Fa)
— Y Module .. Rack Slot |address
- * ERTEC-DEVKit 0 0
1 » Interface 0 0 X1

[

1 byte 10 PSD 2.6.1_1 |0 1 85..90

¢l——module name-->»

cText TextId="TOK TextId Module 1I0" Value=" 1 byte Io"/>
cText Textld="TOK Textld Module 1I" Value=" 1 byte I"/>
cText Textld="TOK TextId Module 10" Value=" 1 byte oS>
cText Textld="TOK TextId Module 64I0" Value=" 64 bytes 0" />
cText Textld="TOK TextId Module 64I" Value=" 64 bytes I"/>
cText Textld="TOK TextId Module 640" Value=" 64 bytes o"fs
cText TextIld="TOK TextId Module 250I0" Value="250 bytes 10" />
cText TextId="TOK TextId Module 250I" Val
L

a
lue="250 bytes I"/>
cText TextId="TOK Textld Module 2500" Val

a
B alue="250 bytes O"/>

cText TextId="TOK TextId Module 641 Isochron" Value=" 64 bytes I IRT" />

cText TextId="TOK TextId Module 640 Isochron" Value=" 64 bytes O IRT" />

cText TextId="TOK TextId Module 1I Isochron" Value=" 1 byte I IRT"/>

cText Textld="TOK TextId Module 10 Isochron" Value=" 1 byte O IRT"/>

cText TextId="TOK TextId Module MoltiSub" Value=" multi subslots 1I 1I 10 10"/>
cText TextId="TOK TextId MoltiSublI" Value=" 1 byte I"/>

¢Text TextId="TOK TextId MultiSublO" Value=" 1 byte Q"
EIEXE TextId="TOK TextId Module 1I0 PSD 2 6 1" Valuesf'l byte IO PSD 2.6.1"

Figure 2-3 GSDML module name

Specify the ID and "ModuleldentNumber".

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
10 Getting Started, 09/2022,



GSDML configuration

2.2 Extensions — Step by step

Excerpt from the GSDML:

S

=

Figure 2-4 ModuleldentNumber

<ModulelItem ID="ID Mod 71" Moduleldentlumber="0x00000071">

Change the "VirtualSubmoduleList" so that you can configure the DevKit as an F-device:

<VirtualSubmoduleList>
<VirtualSubmoduleItem ID="T702" SubmoduleldentNumber="0x0001" AFI="0" FROFIsafeSupp
<I0Data F_IG_St:uctureDech&:sion-"l" E;IO_Structu:eDescCRC-"60025“>
<Input Consistency="All items consistency":>
<Dataltem DataType="Unsigned8" UseAsBits="true" TextId="F ID INPUT" >

<BitDataltem TextId="Bit 0" BitOffset="0"/>
<BitDataltem TextId="Bit 1" BitOffset="1"/>
<BitDataltem TextId="Bit 2" BitOffset="2"/>
<BitDataltem TextId="Bit 3" BitOffset="3"/>
<BitDataltem TextId="Bit 4" BitOffset="4"/>
<BitDataltem TextId="Bit 5" BitOffser="5"/>
<BitDataltem TextId="Bit 6" BitQOffset="6"/>
<BitDataltem TextId="Bit 7" BitQffset="7"/>

</Dataltem>

<Dataltem Datalype="F MessageTrailer5Byte" TextId="F ID PSD TRAILER" />

</Input>

<Output Consistency="All item=s consistency">
<Datalcem DataType="UnsignedB8" Uss=hsEits="true" TextId-“F;;D_pUTPUT" /=
<Dataltem DataType="F_MessageTrailer5Byte" TextId="F ID PSD TRATILER" />
</Output>
</I0Data>
<RecordDatalist>
<ParameterRecordDataltem Index="1" Length="4" TransferSegquence="0">
<Name TextId="T general parameter"/>
<Const Data="0x20,0x01,0x56,0x78" ByvteQffsec="0"/>
</ParameterRecordDacaltems
<F_ParameterRecordDataltem F_ParamDescCRC="16197" Index="128">
<F_Check iPar DefaultValue="NoCheck" Visible="false" Changeable="fal
<F_SIL DefaultValue="SIL3" Visible="true" Changeable="false" Allowed
<F CRC Length DefaultValue="4-Byte-CRC" Visible="true" Changeable="f
<F_CRC_Seed />
<F Passivation DefaultValue="Device/Module" AllowedValues="Device/Moc
<F_Block ID DefaultValue="1" Visible="true" Changeable="false" [
CF_Par_Version DefaultValue="1" AllowedValuss="1" Visible="true"
cF_Source_de DefaultValue="1" AllowedValues="1..65534" />
<F_Dest_Add DefaultValue="1" AllowedValues="1l..65534" /=
<F_WD Time DefaultValue="150" AllowedValues="10..65534" P
<F Par CRC DefaultValue="57377" />
<F_iPar CRC DefaultValus="4180666039" Changeable="true" Visible="true" />
</F ParameterRecordDataltem>

Lha

Figure 2-5 GSDML module

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7

Getting Started, 09/2022, 11



GSDML configuration

2.2 Extensions — Step by step

o
[ T

[WUT L% T % I % I % [ ' Y B % B % B % % B

[T U

& Ln

(ST ]

< ! ——F-Common—-2»
<Text TextId="F ID TINPFUT" Value="Input values" f=
<Text TextId="F ID OUTPUT" Value="Ountput wvalunes" f=
«Text TextId="I_ PARAMETER" Value="I-Parameter" i=
<Text TextId="F ID PSD TRAILER" Value="PROFIsafe" />
<Text TextId="General parameters" Value="General Par:c
<Text TextId="Bit 0" Values ="Bit 0" />

<Text TextId="Bit 1" Value ="Bit 1" />
<Text TextId="Bit 2" Value ="Bit 2" />
<Text TextId="Bit 3" Value ="Bit 3" />
<Text TextId="Bit 4" Value ="Bit 4" />
<Text TextId="Bit 5" Value ="Bit 5" />
<Text TextId="Bit &" Value ="Bit 6" />

<Text TextId="Bit 7" Value ="Bit 7" />

Figure 2-6 Resolving F-values

12

The most important elements are:

e "VirtualSubmoduleltem ID"

e "PROFlsafeSupported"

¢ "F-MessageTrailer5Byte"

e All properties that are listed under "F_ParameterRecordDataltem”

The bits under "Input” stand for the user data in the PROFIsafe telegram. The property "F-

MessageTrailer5Byte" adds a 5-byte long PROFIsafe trailer to the telegram. This consists of 1
byte status/control byte and 4 bytes CRC.

All properties under "F_ParameterRecordDataltem" stand for the F-parameters that are sent to
the DevKit when a connection is established.

As the final configuration step, provide diagnostics for the F-device. The diagnostics texts
have been standardized and are described in document "PROFlsafe-
Profile_3192_V261_Aug14.pdf", page 39.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
Getting Started, 09/2022,



GSDML configuration

Excerpt from the GSDML:

sfergnELagiesnnn s
<!--PROFIsafe Driver Diag -->
=ChannelDiagltem ErrorType="64">

<Mame Textld="Mismatch of safety destination address (F_Dest_aAdd)" />

<Help Textld="Help_Mismatch of safety destination address (F_Dest_Add)" />
</ChannelDiagltem=>
<ChannelDiagltem ErrorType="65">

<Mame Textld="Safety destination address not valid (F_Dest_add)" />

<Help Textld="Help_Safety destination address not valid (F_Dest_Add)" />
</ChannelDiagltem=>
<ChannelDiagltem ErrorType="66">

<Mame Textld="Safety source address not valid (F_Source_aAdd)" />

<Help Textld="Help_Safety source address not valid (F_Source_add)" /=
</ChannelDiagltem=>
<ChannelDiagltem ErrorType="67">

<MName Textld="Safety watchdog time value is 0 ms (F_WD_Time or F_WD_Time2" /=

<Help Textld="Help_Safety watchdog time value is 0 ms (F_WD_Time or F_WD_Time2" /=
</ChannelDiagltem=
<ChannelDiagltem ErrorType="68">

<MName Textld="Parameter F_SIL exceeds SIL from specific device application” />

<Help Textld="Help_Parameter F_SIL exceeds SIL from specific device application” />
</ChannelDiagltem=
<ChannelDiagltem ErrorType="69">

<MName Textld="Parameter F_CRC_Length does not match the generated value" />

<Help Textld="Help_Parameter F_CRC_Length does not match the generated value” />
</ChannelDiagltem=
<ChannelDiagltem ErrorType="70">

<Mame Textld="Version of F-Parameter set or F_Block_ID incorrect” />

<Help Textld="Help_Version of F-Parameter set or F_Block_ID incorrect” /=
</ChannelDiagltem>
<ChannelDiagltem ErrorType="71">

<Mame Textld="CRC1-Fault" />

<Help Textld="Help_CRC1-Fault" />
</ChannelDiagltem:=>
<ChannelDiagltem ErrorType="72">

<Mame Textld="Device specific diagnostic information, see manual” />

<Help Textld="Help_Device specific diagnostic information, ses manual” />
</ChannelDiagltem:=>
<ChannelDiagltem ErrorType="73">

<Mame Textld="Save iParameter watchdog time exceeded" />

<Help Textld="Help_Save iParameter watchdog time exceeded" />
</ChannelDiagltem=>
<ChannelDiagltem ErrorType="74">

<Mame Textld="Restore iParameter watchdog time exceeded” />

<Help Textld="Help_Restore iParameter watchdog time exceeded" />
</ChannelDiagltem=>
<ChannelDiagltem ErrorType="75">

<Mame Textld="Inkonsistente iParameter (iParCRC Fehler)" /=

<Help Textld="Help_Inkonsistente iParameter (iParCRC Fehler)" />
</ChannelDiagltem=>

Figure 2-7 GSDML diagnostics texts

2.2 Extensions — Step by step
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2.2 Extensions — Step by step

== PROFIzale -->

Id ismatoh of safety destination address (F_Dest Add)" Val
alp Mismatoh of safety destination address (F_Dest
safety destination address not wvalid (F_Dest_Add) " Safety destination address not valid (F_Dest_Add)" />

elp Safety destination address not valid (F_Dest J'n.dd.) Valus="Help Safety destination address not valid (F_Dest_Add)™ /
safety Source address not valid (F_Source Add) " Value="Safety source address not valid (F_Scurce Add)~ /> B B

Help Safety source address not valid (F_Sounrce Add) " Value="Help S
afaty watchdog time valoe is 0 ms (F WD Time or F WD Time2" Valu
He'lp Safety watchdog time valuoe is 0 ms ﬂ"' 'I-u'D Time or F N'D Time.
Parameter T SIL excesds SIL from specific device application®
Id="Help Parameter F SIL excesds SIL from specific device aupplu_atw"

Mismatch of safety destination address (F_Dest Add)}" />
lus="Halp Mismatch of safety destinAticn address (F_Dest_Add)™ />

fety source address not valid (F_Sooree Add)® />

"Safety watohdog time valoe is 0 me (F WD Time or F WD Time2"
we="InfoSafety watchdog time value is 0 ms (F_WD Time or F_ )
Parameter !_SIJ. exoeeds STL from specific devies applicatior
lue="Help Parameter F SIL exceeds SIL from specific dewioce i@

Figure 2-8 Resolving diagnostics texts of the GSDML
Open the GSDML file with the program "PROFINET GSD Checker". Select the "XML" tab and
run "Check". Normally, error messages regarding incorrect checksums are now displayed.

(o1 ][a7][@o]

Category: TypeSpecific, SourceXPath: // @
Moduleltem[@ID="ID_Mod_711/
Virtualsubmodulelist/
Virtvalsubmoduleltem [@ID="702"/
|CData/@F_IO_StructureDescCRC
[.="60025", Message: "'(Virtual)
Submoduleltern/ICData/
@F_10_StructureDescCRC" The CRC
over all 100ata is 60023, but should be
37562,

Line: 1183

Colurmn: 46

Figure 2-9 Error message of the GSD checker
Change the checksums so that the GSDML is executable.

2.2.3 Optional changes

Optionally, you can also change values such as "Text ID", "GraphicltemTarget", etc., in the
GSDML file. However, these values do not affect the technical behavior of the submodule.

Adapt the fail-safe-specific and general text IDs in the course of the implementation.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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2.2 Extensions — Step by step

Excerpt from the GSDML file:
<Text Textld="TOK_Textld_Module_110_PSD_2_6_1" Value="1 byte 10 PSD 2.6.1" /=

Figure 2-10 Excerpt of optional changes in GSDML

You can install the GSDML file in other PNO-compliant engineering systems. In this example,
the GSDML file was installed in TIA Portal V17.

2.2.4 Integrating the GSDML file in the TIA Portal

Integrate the GSDML file in the TIA Portal as follows:

1. In the TIA Portal, select menu "Options > Manage general station description files (GSD)".
2. In the "Manage general station description files" dialog, select the path to the GSDML file.
3. Click the "Install" button.

The DevKit can then be found under the following path:

[ Controllers

[ HMI

rj. PC systems

[ Drives & starters

(1 Metwork compaonents
rj. Detecting & Monitoring
rj. Distributed li0

(1§ Power Supplies

[ Field devices

. . . . . . . .

rj. Comrmanding & signaling
(1§ Other field devices
~ [l FROFINETIO
b rL_[. Drives
» [l Encoders
¥ P_[. Gateway
~ [ 1o
« [ SIEMENS AG
~ [ DEVKIT
~ [ i ERTEC 200F Evaluation Kit
[l Failzafe_2_6_1_Stan..
[l standard, MrP
[l standard, no MRP
[l Standard, no PDEV
» (i ET2005P
v [ Ident Systems
r F_[. Sensors
» (1l FROFIBUS DF

1

Figure 2-11 Path in the hardware catalog
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3.1 Installing tools

Requirement

Carry out the following steps for the installation:
1. Copy the content of the Evaluation Kit CD to a local drive.
2. Call the file "install.bat" there.

3. Replace the curl version in the file "get_dependencies.ps1" (7.70) with the latest version
(7.84.0_3 or newer) as version 7.70 has been removed from the website
(https:/icurl.haxx.se/windows/).

Installing tools
Successful installation requires that the tools of the DevKit be installed using the file
"...\DevKit4.7_PSD_Imagel\setuplinstall.bat".
Carry out the following steps for installation of the toolchain:
1. Unpack the image.
2. Open the image with administrator rights cmd in the setup directory.
3. Then call the install.bat file.

You can find more information on the installation in the guideline
EvalKit_ERTEC200P_V4.7.0.pdf, sections 4.1.2 ... 4.1.4.

The default hardware settings are retained (see
Manual...P\DevKit4.7_PSD_Image\doc\HW\Tech_Doc\Manual_EB200P-2_V1_0_3.pdf, section
7 - Settings on the EB200P-2).

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.1 Installing tools

If the installation was successfully completed, you receive the following information:

BN Eingabeaufforderung

¢ Total % Received 7 e \wwerage Speed Time Time Current
Dload Upload Total Spent Speed
ae 247 166 247 E E 473 g ;
g8 13eM 100

\werage Speed Time Time Time Current
Dload Upload Total Spent Left Speed
[ . 0 B

a = i-=i-— 9:00:01
188 351k e B 8 ©:00:02 0:00:82

Figure 3-1 Installation completed

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.2 Configuration for Eclipse

3.2 Configuration for Eclipse

3.2.1 Setting up Eclipse for the DevKit

Carry out the following steps to set up the DevKit:

1. In the subdirectory, open the file installed_tools\Eclipseleclipse\eclipse.exe as
administrator. The following error may occur when opening Eclipse:
Failed to load the JNI shared library "C:\Program
Files(x86)\Zulu\zulu-8-jre\bin\client\jvm.dlI".
The Eclipse version installed is a 64-bit version. Therefore a 64-bit Java version must also
be used. Please point to the corresponding Java version in the Path environment variable
of your system.

2. Create a new directory as workspace.

3. Select "Import existing projects”.
4. Asroot directory subdirectory, select pn_ioddevkits\src\projects.
) e ]
§ | Welcome Irapart Projects
i " Select a duediony toseandh far evating Echpse prajects. l =/
% ecupEe Welcome to the Eclipse IDE fo

) Sebect root dmmr}.—l Ou\Dewind, TiDewkad T_PSD_Image!pn_rddens\srcpeopecs I o Erowse...

() Select anchive file:

Projects
e [ ECES (D \Deed. TiDed.7 PSD, knsge' pa_ioddeviati Select A3
== & guitded wallk-through how to impert an exdsting ] [ EX_ERTEC (DA\DevKd TiDevKnA T PSD Irmageipn, ioadevkits
project [ HOST_EHIF (D Detind. T\ D itd. T_PSD_lenage pn_ssddevie Deseden 4
Refresh
)
-
the [DE's most fiercely contested
pred erens
1 Ciptions
Create a new Eclipse project for C/C++ source code A Seanch B mested pecpecis
oy propects mbc workspace
1 [Chere newy impested projects ugsn completion
T [iede projects that siresdy exist in the workspace |
Open the New item wizard
Working sets |
[ A project be working sets Hew...
Checkout Eclipse projects bosted in a Git repository

: Import exdsting Eclipse projects fram the flesystem
or archive 5

Figure 3-2 Importing Eclipse projects

NOTE

If the subdirectory contains the file pn_ioddevkits\src\projects\ecos_target\eb200p, you
must delete the directory eb200p_ecos_build completely.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.2 Configuration for Eclipse

Open the ECOS project in Eclipse and run Build targets \ 1*32bit NOR-FLASH 32bit.

,a:' pseWorkspace - Eclipse IDE

File Edit S5ocurce Refactor Nawigate 5Search Project Run Window Help

|i| |£| IL' |-n || Mo Launch Configurations W | om: | we hd o
- - .

vl'l"

lf Project Explorer 232 %Coﬂnﬁcﬁﬂnﬁ = % ? I v § =0
B -5 ECOS (in ertec
~ (® Build Targets

(%) build ecos-native EB200P SQRM-"I 1x32bit NOR-FLASH 16bit

(®) build ecos-native EB200P SDRAM 2x16bit NOR-FLASH 16bit
(®) build ecos-native EB200P SDRAM 2x16bit MOR-FLASH 16bit PAGE MODE
build ecos-native EB200P SDRAM 2x18bit NOR-FLASH 32bit
(®) build ecos-native EB200P SDRAM 2x18bit NOR-FLASH 32bit PAGE MODE
build ecos-native EB200P SDRAM 2x16bit SP1-FLASH
(& build posix EB200F SDRAM 1x32bit NOR-FLASH 16bit
(®) build posix EB200P SDRAM 1x32bit NOR-FLASH 32bit
build posix EB200P SDRAM 1x32bit SPI-FLASH
(&) build posx EB200P SDRAM 2:16bit NOR_FLASH 16bit PAGE MODE
(®) build posix EB200P SDRAM 2x16bit NOR_FLASH 32bit PAGE MODE
() build posix EB200P SDRAM 2x16bit MOR-FLASH 16kit
(®) build posix EB200P SDRAM 2:c16bit NOR-FLASH 32bit
(®) build pesix EB200P SDRAM 2x16bit SPI-FLASH
(®) fullclean ecos-native
(® fullclean posix

s Al Inclades

» (R ecos_target

» |5 EK_ERTEC (in ertec)
&0 HOST_XHIF (in host_praj)

Figure 3-3 Compiling ECOS
Double-click the selected build.

F B Console &1 [T Propertie LU
CIDT Build Conscle [ECOS]
make[2]: Leaving directory ~/fd/Devkits.7/Devkits.7_psD_Image/pn_loddevkits/sro/projects/ecos_target/eb200p/eb2e@p_ecos_bulld/hal/sre/arch/v3_8"

make -r -C hal/armfarch/v3_@ /d/DeviKitd.7/Deviit4.7_P5SD_Image/pn_ioddevkits/src/projects/ecos_target/eb208p/eb28@p_ecos_build/../eb288p_ecos_install/lib/target.ld
make[2]: Entering directory ~/d/Devkit4.7/Devkitd.7_PSD_Image/pn_lioddevkits/src/projects/ecos_target/eb20@p/eb20@p_ecos_build/hal/arm/arch/v3_8’

make[2]: * /d/Devkitd.7/Deviitd.7_PSD_Tmage/pn_ioddevkits/src/projects/ecos_target/eb208p/eh286p_ecos_build/../eh288p_ecos_install/lib/target.ld' is up to date.
make[2]: Leaving directory °/d/Devkita.7/Devkita.7 PSD_Image/pn_ioddevkits/src/projects/ecos_target/eb208p/eb20@p ecos_build/hal/arm/arch/vi_8*

build finished

make[1]: Leaving directory " /d/Deviitd.7/DevKitd.7_PSD_Image/pn_ioddevkits/src/projects/ecos_target/eb208p/ebl2dp ecos_build’

echo ebl@dp_ecos finished

ebl@@p_ecos finished

make: Leaving directory " /d/Devkitd.7/Devkitd.7_PSD_Isage/pn_iocddevkits/src/projects/ecos_target/eb2eép”

18:42:3@ Build Finished. @ errors, 3 warnings. (took 9m:29s.3lms)

Figure 3-4 Compile_successful

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.2 Configuration for Eclipse

3.2.2 Replacing PSD-lib in C-files

The sources for the F-application example are located in subdirectory
pn_ioddevkits\src\application\App5_FAILSAFE_PSD.

The application example contains the PROFlIsafe driver V3.5.2 only as a library compiled for
single-channel operation. If you would like to compile or debug the PROFIsafe sources for
other operating modes, you need the Starter Kit CD of PROFIsafe driver V3.5.2 or higher
(MLFB 1P-6ES7159-3BFO30YAO).

| Desktop » Dieser PC » (D:) Data » MyGitRepos » GIT-Workspace PSD_org » profisafe » starterkit » CD-contentzip

Hame Gridfe Typ
Dateiordner
% Datelordner
_Iparam. 42611 € Source File
p_invers.c 175.956 € Source File
B p_init.c 28,667 € Source File
p_64bit.c 16.049 C Souwrce File
p_tre. 40002 € Source File
@ P input.c 30,271 € Source File
poutput.c 75.769 € Seures File
8] p_state.c 19.456 € Source File
i@ p_time.c / 21.631 C Source File

v

| 4 (D:) Data ¥ Projects ¢ PSD » Devkitd.T b Test » Deviitd.7_PSD Ipn_m-il:la-trts ¥ src b application » AppS_FAILSAFE_PSD » E

Name

FaLlt_libs

| FilelDs. txt
£ p_c_fapplication.c
€] p_c_pseudo.c
ﬂ p_t_5iC
(%] PsalLib.bat
| source_code_CRC.md

Figure 3-5 Integrating source files

Integrating the sources
1. Copy the sources from the Starter Kit CD subdirectory Source to subdirectory
pn_ioddevkits\src\application\App5_FAILSAFE_PSD\PSD.

2. Copy the header files from the Starter Kit CD subdirectory Sourcelinc to subdirectory
pn_ioddevkits\src\application\App5_FAILSAFE_PSD\PSD\_inc, with the exception of files
p_c_config.h and p_c_si.h.

3. Refresh the Eclipse project so that the source files are visible in the Project Explorer.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
20 Getting Started, 09/2022,



Commissioning the DevKit

3.2 Configuration for Eclipse

[f5 Project Explorer 3% | ‘5. Connections = 0 [n] compilerl.h 23
——_— | — ;_ ;:n,;-n.:.Tn...-n.-n,.-ﬁ...Tn...-,.:.”
opyright (C) 2828 Siemens Akt
v % ECOS (in ertec) -~ T o O
5 (@) Build Targets 4 /* This program is protected by G
s ) Includes 5 /% treaties. Thn? use C.f this soft
s . & /* Source Code is subject to rest
D |4, SErelamnt Dommel Yoo sec AN
> iy, Binanes MNew > B
» B, Archives Ga Into F
» mp Includes L
w B ioddevkit_app_src Open in New Window [
» (= App_common Show In Alt+Shift+W >
> & App1_STANDARD Show in Local Terminal >
¥ = Appl_DBAI D
> (= App3_lsolpp [E Copy Ctrl+C
» (= AppA_XHIF Paste Crl+V
w = App5_FAILSAFE_PSD 3¢ Delete Delete )
» ji= Businterface )
> = DiagnesticManager Remove from Context Ctrl= Alt+Shift+Down
» (= ErrorHandler Source -
v g PSD Move...
~ = inc Rename... F2
> p_api.h
> [ p_c_configh f=g Import..
» IE p_c_crc_b.h =i Export.
5 [W p_c_erc_mih
s [B p_c_fapplication.h Build Project
> W p_e_sih Clnay
» [ p_fith F5
s [h p_globalh
.
’ |L". p_lDf_:::I.' Close Unrelated Project
> = PSD libs Build Targets 5
. Index »
s au p_c_fapplication.c i ] ]
s i€l p_c_pseudo.c Build Configurations »
> j€| pc_sic Profiling Tools >
G| p_crc.c
» g piinit.c O RunAs ’
» g p_input.c %5 Debug As 2
» g p_invers.c Profile As >
> €] p_output.c Restore from Local History...
’ E] p_param.c ¥ Run C/Ce+ Code Analysis
» [€] p_state.c
[ tirme.c L -
50 FilelDs.txt Compare With ¥

Figure 3-6 Refresh Eclipse project

Removing PSD library files from Eclipse Linker settings

* In the shortcut menu, select project EK_ERTEC\Properties\C/C++Build\Settings\GCC C
Linker\Libraries

¢ Remove the libraries.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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et Enplase i Dot = i e gL | gE Quaing

® _COMBLIRI o
- -- Sowrce (ode 23 aubdect fo reatrictices s ssreed in the licence
p brahadn Rmoascn
v o} roddectd_spp e Bedehm
[T ] Configprabone | BE20OP Dibrey EosiMate | Actve ] = laragh Confgparatiom..
Appl STANDARD e
O Appd DR Ervezrmant
= Appd_hedpe ﬁ W ool Settngrl] [ Contimsir Selirri & Bulel Saopd Busdd At o ity Pirserd 10 Ervie Pariérs
o Mg XBEF
w G Appl BALLAR] P50 Taol Chass [dibos w B GOC C Compdar Libamsan |- r B G
= Bunintedsor Cie s Gmand B Dilect
s Dl Lo L T Pt :‘; Freprosoniioe
o Enpridndlyr Pagpht Misturts B ittt
i B Pocpect el pemnce B Optimdration
_nt Poniebag Settnga B Iebuggng
s P50, kb Tarih Pegairininty B Wasreny
[ ps inpplcations Toek Tage B Mescellinacin
I8 e _ponude akdabon ' |
[ e sie WekiTent
Pl
= Pl bt
=] dustn_coch DR md
o Ty

§] sodapl_seents
f ped_intarincec
o ped_irterlnceh
] e

Libsamey parch path |-L) TR

Gk
R oot

Figure 3-7 Removing PSD libraries from Linker settings

3.2.3 Configuration for the debugger

Debugger

1. Open the configuration in Eclipse using shortcut menu Run\Debug Configurations.

2. Select the file GDB Hardware Debugging\EK_ERTEC _EB200P_Size EcosNative. Make the
settings as described in the following screenshots.

3. Download the driver for TUSB3410 here:
https://new.siemens.com/global/en/products/buildings/support/fire-safety-driver.html.

4. Debug configurations for SEGGER J-Link.

NOTE
You can find information on Segger J-Link at: https://www.segger.com/downloads/jlink
There you will also find the file "JLinkGDBServer.exe".

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.2 Configuration for Eclipse

Under "CIC++ Application:", press "Search Project..." and select "PNIO4ECOS" in the window.

& Debug Cenfigurations

Create, manage, and run configurations

CReRX|BY-

|| Mame: | PNIO4ECOS

| type filter text

w [T] C/C++ Application
[t] PNIOJECOS
[T] C/C++ Attach te Application
€] C/C++ Container Launcher
[T C/C++ Postmortem Debugger
[©] C/C++ Remote Application
Cii C/C++ Unit
w [C] GDB Hardware Debugging
[€] EK_ERTEC EB200P_Size_EcosNative
3 Launch Group
= Launch Group (Deprecated)

L4

Figure 3-8 Application

| |:| Main’ (e Argumems.l .-} En\n'mnment.l 35 Dd:—ugget.l t, Source| [ Cnmmon.l
Project:
EK_ERTEC

C/C++ Application:
EB200P_Debug_EcosNative/PMIOJECOS

Build (if required) before launching
Build Configuration: | EB200P_Size_EcosNative

() Enable auto build
(®) Use workspace settings
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S Debug Condiguistion o *

Create, manage, and run configurations ﬁ-

CEEX|BY - M‘QEZKEW_&M&W“ )
:hptl-ﬂe-‘.e-l [ Main Diebusgger| i WEMEDCW

E] CACe= Apglication

] €= Artech 1o Application

] C/Ce= Contuing Linnchod l
] €T+ Postrmostem Debugger
E] CFCe= Remote Applcatan r
— EBO0P_Sire_[ooshlatre PRICMECOS
G CiCe s Unit L pr—
T GOB Hardware Debuggng Varables_. | Breswte.
=1 mimm Busild (# required) bedore Lsunching
Taunch Roup
B Lsunch Group (Deprecated) Buld Comfigurstion;  Sehect Autormatically >
() Erabile auste Basld (#) Disable auste busld
C:luuwbﬂupmemgt Londurnis Werlppis SERwSE,

Filter matched 10 ol 10 féra

i) Dk Close

Figure 3-9 Debugger Configuration 1
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. 1S Dekug Configutions

Create, manage, and nun configurations

o *
b
Fie X d Mamne: | EK_ERTEC EEZOCP,_Size FeotMatie ]
Ty Pt et _-.“. e Startup| 57 Source] [ Commmen
[T €rCe+ Application G0E Setup
[T C/Ce+ Amach to Applecation GDE C —
[T] /e + Containas Launchis
[E] €/Co+ Postmaortem Bebugger {I}'.Futgd'.l:trm..“.nrmﬂ..‘ys&_lm-ge’.uMr.lItd_weH.\-MnG'Mn«_rl'.l.?.bd-l".bn'.nrﬂ-ﬁane eabiegelb exe Betrwrie_ }um:_
[T] €T Remate &pplication
- Remote Target
w [T ] GOB baedware Debugging £ Uae remncte tanget
(7] X ERTEC EB200P Size EosMative

[ Remmabe timesat (secondiy

=
B Laench Geoup (Deprecated) JTAG Device: Genere TCRIIP

Host naeme o IP address]l locathost |
Peel fromiber: 2331

[ Fowce thread kst upfate on suspend

Filbei matched 10 of M) Remd

@ Clore

Figure 3-10 Debugger Configuration 2

The "GDB Command:" is located — dependent on your file structure — in the following folder:
${project_loc}\..\..\..\..\..\installed_tools\MinGW\msys\1.0\local\bin\arm-none-eabi-gdb.exe
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Startup

L]
Create, manage, and run configurations @
), -

i E . Mame | I_PETEC ERMO0P_Soe_Eooubistie

Man | T Debugger | e Stastup - [, Seurce | ] Comman

Irebaliraiion Correnands
] Reser st Deley [seconds):

] Hat

maon speed 12000
mon endan btk

e
(T] EX_ERTEC EB200P Sue Exesblative
i Launch Group Load Image and Symisls
¥ Launch Group (Deprecated) EALesd image

) Ue praject Binany:  PNIOSECOS
L) U Tl
Image olfset (b
FLosd symbels
i) by project binare  PRIOSECOS
N e fibes

Symbok offset hex i

Fun Commands
et puograrm counter st (hes

[ St beeakpent st

Fewert A
Filter matchesd 10 of 10 iteern: il

G oo ] o
Figure 3-11 Debug Configurations_Startup

If you have installed the application example using the supplied "batch" file, the GDB
command must be configured relative to the project path.
Initialization commands

mon speed 12000

mon endian little

mon flash download = 1

mon flash breakpoints = 1

mon reset 1

mon mww 0x4000f078 Ox0O0ffffff

mon mww 0x10d00004 0x40000080

mon mww 0x10d0000c 0x000003d0

mon mww 0x10d00010 0x3ffffff2

mon mww 0x10d00014 0x3ffffff2

mon mww 0x10d00018 0x3ffffff2

mon mww 0x10d0001c Ox3ffffff2

mon mww 0x10d00020 0x01974600

mon mww 0x10d00028 0x0

mon mww 0x10d0002c 0x0

mon mww 0x10d00030 0x42

mon mww 0x10d00008 0x00002521
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3.2 Configuration for Eclipse

Source
1S Debug Configerations Q X
Create, manage, and nen configurations ﬁ\‘
FRrEX BT~ Marwee: | X, ERTEC ER00P Size KcosHative
& filter bt iy | §5 Debumyger | = Stariug | 1 Source T Commen
[E] CAC= = Application Sowrce Lookup Path:
=B = Amachto Applization v i Defauk A,
[E] /€~ » Containes Launcher 4, Absshute File Path
T_{-'l:u Pesbenerters Debrugger % Program Relstive File Path Edit.
[E] /= = Remote Agplication w 1 EE_ERTEC
’r___ fCww Unit = settings - VEK_ERTEC —
*# [E] GO Harchware Debragging [ EB200P_Size_EceaMative - \EK_ERTEC
(£ EN_ERTEC EB200P_Sire Ecoshative [ ioddnat_spp_snc - \EX_ERTEC
P Launch Grewp = ioddeviat_sr: - \EK_ERTEC
B Launch Grewp (Deprecaied) [ pig_ire « VEX_ERTEC PRest
] Seareh fer duphcate seusce files 5n1he path
Fitter enatcroed 100f 16 items
7 =
Figure 3-12 Debug Configurations_Source
To load the firmware into RAM, open the "Debug" tab and select the configuration
"EB200P_Size EcosNative".
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3.2 Configuration for Eclipse

3.24 Configuration of USB terminal connection

In order to change the configuration of the USB terminal connection, follow the procedure
described in document "Guideline_EvalKit ERTEC200P_V4.7.0.pdf" (sections 4.1.3. and
4.2.2). In addition, you must install a terminal program (e.g. Tera Term) on the development
computer and configure it as follows: D:\Tools\TeraTerm\teraterm-4.106

i

Datei Bearbeiten Einstellungen Steuerung Fenster Hilfe

i

Port: COM10 v oK
Speed: ‘E

Data: 3 bit v Abbrechen
Parity: none v

Stop bits: 1 bit v Hilfe
Flow control: none v

Transmit delay

E\ msec/char 0 msec/line

Figure 3-13 Configuration of terminal program

3.2.5 Build of application firmware "App_05.bin"

An executable program must exist in order to create a build of the application firmware.
Right-click "EK_ERTEC".
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Then compile the EK_ERTEC project.

3.2 Configuration for Eclipse

& EclipseWorkspace - Eclipse IDE

v v ! - 1-|-=f

- s Build All
=" Build Cantia .

Build Pro
Build Working Set

Clean...

»  Build Automatically

! Includes

s [ ieddevkit_app_sre

I 3 ioddevkit_src
» [ pnio_sre Build Targets
_L® Malefile C/C++ Index
¥ T HOST_XHIF (in host_proj
Properties

File Edit Source Refactor Mavigate Search Project Fun  Window Help
‘% 0 E . oy Open Project
! Close Project

F | One | === "W

Figure 3-14 Creating a build

Select "Build Project".

The build process is output in the console window of Eclipse.

& Problems [Z Console i7 %5 Debug < Search 0J= Variables ©g Breakpoints [J Memory ilif Registers =i Modules

CDT Build Censele [EK_ERTEC]

Building target: PNIO4ECOS
Invoking: GCC C Linker
Finished building target: PNIO4ECOS

Creating FW image...

copy from ~PNIO4ECOS® [elf32-littlearm] to “ecos.bin’ [binary]

@8:34:1@ Build Finished (took 1m:23s5.774ms)

Figure 3-15 Console output following a successful build

If the build was completed successfully, proceed as follows:

¢ Copy the binary file ecos.bin from subdirectory
pn_ioddevkits\src\projects\pnio_proj\ertec\EB200P_Size EcosNative to subdirectory

Tools\TcpFwLoader

* Rename the copied binary ecos.bin to ecos200p_app_05.bin

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.2 Configuration for Eclipse

| 4 Projects » PSD b DevKitd.7 » Test » Deviitd.7_PSD

Hame GroGe Typ
. Dateiordner
ioddevkit_app_src Dateiordner
ioddevkit_src Dateiordner

: Dateiordner
2.773.660 BIN-Datei
| PHIOSECOS 23.333.864 Datei
B PHiO4ECOS. map 1.577.006 Linker Address Map

| Desktop » Dieser PC » (D:) Data » Projects » PSD » DevKitd.7 » Test » DevEitd.7_PSD_Image Wtocls » TepFwloader »

Hame Grake Typ
- Dateiordner
[E]TepFwiloader EE200P.bat 50 Windows-Batchdatei

(¥ | TepFwiloader.exe 36864 Anwendung
2 2.239 Textdokument
2773660 BIN-Datei

(37 ecos200p_app_05.bin

Figure 3-16 Copying the binary

3.2.6 Loading and starting the PSD F-application

Before you begin loading and starting the PSD F-application, the IP address and the PROFINET
device name must be assigned by the TIA Portal.

Otherwise, no connection to the ERTEC will be detected.

If a PSD F-application has not yet been loaded, you must load this into the RAM of the
ERTEC200P DevKit once via the Segger J-Link. To do this, create the firmware as described in
section "Build of application firmware" and start the firmware with the "Launch" button.

For the debugging you must configure the SEGGER J-Link (sections 8.1 to 8.5 of file
"Guideline_EvalKit ERTEC200P_V4.7.0.pdf").

{ e C/C++ - EK_ERTEC/pnio_src/application/App3_FAILSAFE_PSD_2_6_1/psd_interface.c - Eclipse

| File Edit Source Refactor MNavigate Search Project Run Window Help

: 15 Debug v |E] PNIO4ECOS v on: | & Local

] 4 ¢ & |1 Ié} - {f ¥ O vy

= <.‘=':';>| o ¥ = 08 || |g usriod_main.c ‘ l€) p_c_pseudo.c ¢ psd

) 2&® Copyright (c) 2019 by SIEMEN:
13 #include <string.h>

14 #include <stdic.h>

> @l Includes 15 #include "psd _interface.h"

ws O mnin erm | lé #include "pniocerrx.h"

Figure 3-17 Loading the PSD F-application into RAM and starting it

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
30 Getting Started, 09/2022,



Commissioning the DevKit

)
W | |5 Deny
oo | PR

LYK

% Debog | i Project Expicrer &2
=4 7| d
e ECO§ (in erte
w g EERTEC [ et =
4 Binaries CRLEUR] i Mame: | EX_ERTEC ERD00P, Gize Ecoibative Il L
' In
s w [T] CHCs+ Application Weitiglization Co 3 £

R ioddedkit_app s

ce  Refactor  Naagate

3.2 Configuration for Eclipse

Starting the debug

1. Step:

Start the SEGGER J-Link GDB Server.

Step:

In the Project Explorer, select the file "EB200P_Debug_EcosNative".
Press "Run". The "Debug Configurations" window opens.

Select the "Startup" tab.

Then press the "Debug" button.

|| [£] EX_ERTEC EB200P Sive EcosMabive

]

1 Create, manage. and run configuratians

on | O Local IN-H =Y

G ioodendt E:Ngﬁx [ Reset and Delay isecondss. 3
0 Ul 1)
g 305, ] i1
- i (] A+ Attach bo Application CHan
& :n. ] ©AC++ Container Lasncher e speed 12000 -
& gom R e et
& ien [E] S+ Remote Appication o ———— 5
o, it €T CACes Ut
& b e (] GOB Hardware Debugging = =
G peprie ks [7] BX_ERTEC BR200°_Se_FcorMative B Lead
& Platform B Launch Group = 9
G pre B Lounch Group (Depresated] @) Use project binary: PHIGMECES
=4 Pz apl_ing O ibsefile: Werkipace File Systers.
M e image offset (e
=
& gysadegt! ] Lead symbels
~ e ) Use project binary: PHICECOS
% teloea
- O U file: T ——
Symbols cfvet ek |
(& App_tomman e ==
» App_STRND ereena
& mws)au i ] 5% program counter ok (Rl
[E——— ] et beeabopuninit st
(o Appd_KHIF
w O AppS_FAILSAFE PSD
+ o Beilnterface -
o DuagnowscManages
e —— - -

L

) o Tuener

ra

» g aedapi_everf e - [armlg '.?.\-

Filter matched 12 of 12 fern

b i et iemerfaces - [aern/l

Figure 3-18 Debugger START
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3.3 Loading the application firmware into flash memory

In parallel with this, start the console program (Tera Term). Establish a connection to the PC
via a USB interface. After correct Power On of the PSD F-application, the terminal console
should look like this:

1

Besbenten [anstellungen  Sewerun Ferster  Hille

IF address = 1%2.168.000.051, Subnet mask = 255.255.255.000, Default router = 1%2.16€8.000.051
FECONNECT_IND AR=1 AR type=l sendclock=32, reduction_ratio_in=2, reduction_ratio_ocut=2, sessiconKey=102%5, hostIP=192,168.000.011
FFOWNERSHIP_IND AR = 1 number of submodules = S

Api=0 Slot=0 Sub=1 ModID=9% SubID=1 OwnSessKey=1025 isWrong=0

Api=0 Slot=0 Sub=32766 ModID=9% SublID=2 OwnSessKey=1025 isWrong=0

Api=0 Slot=0 Sub=3276% ModID=% SubID=3 OwnSessKey=1025 isWrong=0

Api=0 Slot=0 Sub=32770 ModID=9% SubID=3 OwnSessKey=1025 isWrong=0

Apim( Slotml Subml ModID=1l3 SubIDml OwnSessKeyml1025 isWrongmd
##WRITE startup-Record from GSD file , Api=0 Slot=1 Subslot=1 Len=4, Segu_nr=&
##WRITE_REC RO, Api=0 Slot=l Subslot=l Index=0xl, Len=4, Sequ_nr=é&
#FREC_DATA = 0x20 Ox01 Ox56 0x78

#44ds Feparameter recelved ve4s

##PARAM END for Api=0, Slot=0, Sub=1, ArNum=1, Session=1025

#§PRRAM END for Apimd, Slot=d, Sub=32768, ArNum=l, Sessionwl(2s

##PARAM END for Api=0, Slot=0, Sub=3276%, ArNum=1, Session=1025

FEPARAM END for Api=0, Slot=0, Sub=32770, ArNum=l, Session=1025

##PRRAM END for Api=0, Slot=l, Sub=l, ArNum=1l, Session=1025

new I0 controller output provider status (OPS) = 0xé€0 in slot 1, subslot 1
new IO controller input consumer status (ICS) = 0x€0 in slot 1, subslet 1
§#READY FOR INPUT UPDATE DURING AR_STARTUP ARnum=1

##AR IN-Data event indication received, ArNum = 1lh, Session = Oh

new IO controller output provider status (OPS) = 0x80 in slot 1, subslot 1
mew IO controller input comsumer status (ICS) = 0x80 in sleot 1, subslot 1
LR Pa:ﬂm (}K o W

wewE ot pagsivated *ewe

v&¥® comunication err v

Asynchronous reguest ArNum=l Alarmtype=2 Apim( Slot=l Subslot=l Status = 1
User tag 1

*eas Sut passivated w*ews

Asynchronous regquest ArNum=1 Alarmtypes=2 Api=0 Slot=l Subslov=l Status = 1
User tag 0

fedk P ooutput OK e

Figure 3-19 Terminal console after successful Power On of the PSD F-application

If you have not yet transferred any F-parameters, the section including " **** F-Parameter
received **** " js omitted, and the Sync LED flashes at a frequency of 2 Hz. No F-parameter
assignment is required to load the PSD F-applications into flash memory. The console
message " **** F output OK **** " indicates that PSD F-application is exchanging process
data.

3.3 Loading the application firmware into flash memory

To load a new firmware version onto the board, you must carry out the following steps:
1. Copy the binary file (ecos200p_app_05.bin) and rename it.

Adapt the TcpFwLoader batch file.

Start Tera Term and TcpFwLoader.

Load the firmware.

Restart the DevKit board.

ik N
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3.3 Loading the application firmware into flash memory

3.3.1 Preparation

3.3.11 Application firmware

An executable program with build must exist.

If you have performed the steps in section 3.1.4 Build of application firmware "App_05.bin",
you will find the build in directory

pn_ioddevkits\src\projects\pnio_projlertec\EB200P_Size_EcosNative.
1. Copy the binary ecos.bin from subdirectory

pn_ioddevkits\src\projects\pnio_proj\ertec\EB200P_Size_EcosNative to subdirectory
Tools\TcpFwLoader.

2. Rename the binary ecos.bin to ecos200p_app_05.bin.

3.3.1.2 Configuring TcpFwLoader_EB200P.bat

You must adapt the file "TcpFwLoader_EB200P.bat" in folder "Tools\TcpFwLoader".

Transfer parameter 1 for the tcpFwlLoader function contains the designation of the binary file
of the firmware. In this case: "ecos200p_app_05.bin"

Transfer parameter 2 contains the IP address of the F-device (DevKit board). In this
implementation, the address is 192.168.0.51. The address was assigned during engineering.
You must permanently assign transfer parameter 3 with 999.

| TcpFwLoader EB200P bat E3

1 tcpFwloader ecos200p app 0S5.bin 192.168.0.51 999

Figure 3-20 Setting the file "TcpFwLoader_EB200P.bat"

3.3.2 Loading procedure

This section shows the procedure for loading the firmware graphically.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.3 Loading the application firmware into flash memory

Since two separate interfaces (TCP/IP and USB) are used for the firmware update process, you
can also load the firmware update via a PC. The following figure shows two PCs.

TepFwlLoader_EB200P.bat Embedded Software
Mit Embedded Software zum Aufspielen

(Applikationsfirmware App_05.bin)
TCP/IP

Mit Funktionsaufruf TcpRecelveAndFlashFirmware()
(applikationsfirmware App_05.bin im RAM)
Debugger

[

«-é:

Figure 3-21 Loading the application firmware into flash memory

Start the application firmware in the debugger. If the firmware has already been loaded in the
DevKit board, this step is omitted.

Open the terminal console window (Tera Term) and enter an "f".

K COM3 - Tera Term WT

Datei Bearbeiten Einstellungen Steverung Fenster  Hilfe

new IO controller output provider status (OPS) = 0x&60 in slot 1; subslot 1
new IO controller input consumer status (ICS) = 0xé0 in slet 1, subslet 1
new IO controller osutput provider status (OPS) = (0x80 in slot 1, subslot 1
new IO controller input consumer status (ICS) = 0x80 in slot 1, subslot 1

kkkk Sut passivated *EkEx

Figure 3-22 Starting firmware update console

Then load the application firmware ("ecos200p_app_05.bin") onto the DevKit board. To do
this, call "TcpFwLoader_EB200P.bat" (left PC). A CMD window opens. The loading progress is
displayed in this window and in the terminal console.

When the terminal console stops, enter a "1" to select the flash type (NOR flash) and confirm
your input.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.3 Loading the application firmware into flash memory

The following steps are required to load the firmware.

1. Start the Tera Term console.
2. Start the TcpFwLoader.
3. Enter an "f" in the Tera Term console.

sLST 1,

Eonsumer status (ICS) 0xB0 in =lat 1,

. OF, &=t

Image size 4132024

RBllacats me

Receive firmware image data

KChoose flash to bé loaded:

NOR fla

-:|2¢ EPI flash

Figure 3-23 Stop of firmware update for entry of the flash type
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3.4 Reading out the firmware version data

After a successful update, the command line and terminal should display the following:

T rface init ... OK

TCP interface wait on connection ... OK, established
Receive firmware image header Image size = 4128032
Allocate memory ... done

Receive firmware image data

finished, 4128032 bytes received
Checksum = OxeTaZeb74 OK

!l DO NOT SWITCH POWER OF

L]

ERASE & PROGRAM FLASH:

Choose flash to be loaded:
[1] HNOR flash
[2] SPI flash

(1) Erase flash
(2) Erase Verify ... OK, done
(3) Program Flash

(4) Program Verify ... OK, done
***Besp nv_data_clear***
NvData : Set Default Values

K, Flashing firmware finished
» RESET your system, to start new irmware

**Bsp nv data store: Completed *++

Figure 3-24 Firmware update successfully completed

B CAWINDOWS\system3Z\cmd. exe

To activate the new firmware, you must disconnect the supply voltage from the DevKit board.
Then reconnect the DevKit board to the supply voltage.
The flash content is copied into RAM and started. In this case, the executable firmware is

"ecos200p_app_05.bin"

After each firmware update, you must load the F-source address and F-destination address
into non-volatile RAM of the deviceF-address assignment (initialization) (Page 37)

3.4 Reading out the firmware version data

To call the version data of the F-application in the terminal console, write a "V" in the Tera
Term console. The firmware CRC and the version are then output in the console.

36
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3.5 F-address assignment (initialization)

Datei EBearberten Einstellungen Steuerung Fenster Hilfe

**&* I pSD CRC: d8%9e0019 Version: 2236f**+%*
[] —

Figure 3-25 Firmware version console output

PSD-CRC corresponds to the CRC of PROFIsafe driver sources defined in "p_c_config.h"
(depending on single channel or multi-channel PSD build variant). The CRCs have been
defined according to "source_code_CRC.md" in the PSD directory. The version corresponds to
the Versionld specified in "p_c_config.h".

i

{ et B TR D Y e o=t -
/ get Firmwar version Crc
rsi1o s

#define Ve Data 0x06
#define ((P_WordQOx2FOlul /* version 47 testversion 01

#ifdef REDUNDANT

#define VersionCRC ( (P_DWord) Ox6B227F0Bul) /* source crc */
#else
#define ( (P_DWord)PxAB47F4F5ul} /* source crc
#endif
AR AR AR AR AR AAAAAAAAARAR KK KA CRC-Tab Memoryv-Model ***aaax ks A A A AR KA R RAARAAR KA R R A 2

Figure 3-26 Definition of CRC and firmware version in p_c_config.h

3.5 F-address assignment (initialization)

The F-addresses must match the addresses configured in the TIA Portal.
Once the F-addresses have been loaded, a Power Off/On is required.

3.5.1 Writing the F-source address and F-destination address

F-source address and F-destination address

F-source address

Open the Tera Term console and enter an "A".

The instruction to type in the F-source address in hex format follows. Type this in hex format
into the console. See figure "Initialization" below.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
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3.5 F-address assignment (initialization)

F-destination address
The instruction to type in the F-destination address in hex format follows. Type this in hex
format into the console. See figure "Initialization" below.

**¥Bgsp nv_data_store: Completed *v*

new IO controller ocutput provider status (OPS) = 0x60 in slot 1, subslot 1
new IO controller input consumer status (ICS) = 0x60 in slot 1, subslot 1
new IO controller output provider status (OPS) = 0x80 in slot 1, subslot 1
¢ IO controller input consumer status (ICS) = 0x80 in slot 1, subslot 1

/pe in F- source address in hex format eg. 0x0001 fanc»urce addreggll

F- destination address in hex format eg. 0x0064 for[destination address]100

vi#*Bgp nv_data_store:NvDataType=b, Size=4, CheckSum: ffff55e5 #%w

*&%#% profisafe Source and Destination — Address set #*%%®
Wk Param ‘:‘K PR R

Figure 3-27 Initialization
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4.1 Preparation of standard source files

In order for the DevKit to also match the extended GSDML (section 2), you must change the
source code.

¢ Todo this, copy the directory "App1_STANDARD".
e Rename it to "App5 FAILSAFE_PSD 2 6 1"

4.2 Setting EXAMPL_DEV_CONFIG_VERSION

The "EXAMPL_DEV_CONFIG_VERSION" defined in App_commonl\usrapp_cfg.h specifies the
example application to be compiled.

In this case: "App5_FAILSAFE_PSD_2_6_1". The definition takes place on a continuing basis
and builds on the existing applications of the DevKit.

|| usrapp_cfg.h &3

53 #define EXAMPL_DEV_CONFIG_VERSION 5
Figure 4-1 Setting of define EXAMPL_DEV_CONFIG_VERSION
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4.3 Changes in the source file usriod_main.c

4 = EK_ERTEC
+ [ai Includes
4 3 pnio_src
» G- acp
» = appl_startup
4 = application
4 = App_common
: fhpp_psd.h
: indapi_event.h
. €] iodapi_log.c
- €] iodapi_rema.c
. ] perform_measure.c
: perform_measure.h
- 4g] PnUsr_Api.c
» PnUsr_Api.h
. |.€] Tep_Flash_fw.c
. €] TepIF.c
, Tep_IF.h
» usrapp_cfg.h
; usricd_cfg.h
+ [€] usriod_diag.c
: usriod_diag.h
- €] wsriod_PE.c
; usricd_PE.h
+ [€] usriod_utils.c
: usriod_utils.h
¢ = Appl_STAMDARD
¢ = App2_DBAI
= App3_lsohpp
» 5= AppS_FAILSAFE P5D 2 6.1
» = PSD

Figure 4-2 Path usrapp_cfg.h

To prevent function duplications, all "App5_FAILSAFE _PSD 2 6 1"-specific codes are
referenced as follows:

55 #if (EXAMPL_DEV CONFIG VERSION == 5)

Figure 4-3 Define, to eliminate conflicts (function duplications)

4.3 Changes in the source file usriod_main.c

Directory "App5_FAILSAFE_PSD_2 6 1" contains the source file "usriod_main.c", in which the
global variable "loSubList" has been declared and initialized.
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4.3 Changes in the source file usriod_main.c

The settings/defines that are changed here must match the GSDML (DAP,
ModuleldentNumber SubModule, etc.). The settings defined here match the example GSDML
of the TIA project contained in DevKit 4.7.

static PNIO_SUB_LIST_ENTRY IoSublist []

=
ffApd  Slot Subalot, HodId, Subld, InLen, ©Qutlen, I&HD support
t o, o 1, MODULE_ID DAF, SUBMOD_ID DEFAULT, o, o, FNIC IMO_SUBMODULE + PNIO IMO DEVICE} ,
{ 0, [+ 0xB000, HODULE_ID DAF, SUBMOD ID FPDEV_IF, [+ s FNIO IMO_SUBMODULE}, // FDEV interface
{0, o 0x8001, MODULE_ID DA, SUBMOD_ID_FDEV_PORT, 0, LR FNIO_IMO_SUBMODULE},  // PDEV portl
#if (ICD_CFG_PDEV_NUMOF_PORTS >= 2)
i o, o 08002, MODULE_ID DA, SUBMOD_ID_FDEV_BORI, 0. LR FNIO_IMO_SUBMODULE},  // PDEV porsz
#endif
#if (IOD CFG_PDEV_NUMOF_PORTS >= 3)
{ 0, o 0%8003, HODULE_ID_DAF, SUBMOD_ID_PDEV_PORT, O, o, FNIO_IMO_SUBMODULE), // PDEV porc3
#endif
#if (IOD _CFG_PDEV_NUMOE PORIS >= 4)
t o, o 0x8004, MCDULE_ID DAP, SUBMOD_ID_PDEV_PORT, O, o, FNIO_IMO_SUBMODULE}, // PDEV porcd
fendif
o0, 1, 1, EXAMPL_MOD_ID SLOT1, SUBMOD_ID DEFAULT, 1, 1, ENIO_IMO_SUBMODULE} // IO subalot
F=q 0, 25 1 EXAMPL ID SLOT2, SUBMOD ID DEFAULT, 1 1 ENIC IMO SUOBMODULE} /IO subsloe*/

ri
Figure 4-4 Variable loSublList with entries adapted to the GSDML

The same applies to the global variable "loSubList" in header file "usrapp_cfg.h".

€3 #if (PNICD_FLATFORM & FNIOD PLATFCORM_EBIOOF)

€4 #define MODULE_ID DRP_NO PDEV 0x01 L

‘5 #define MODULE_ID_DAP_Z2PORT_NO_MRF 0x02 £

#define MODULE_ID DRP_SWITCH 0x03 £

£7 #define MODULE_ID DAP_1PORT Ox04 '

&2 #define MODULE ID DAP POF_1PORT 0x0% ’ :

£% #define MODULE_ID DAP POF Ox0E '

70 #define MODULE ID DARP 52 O0x07 i 7 enabled
71 #de L {x08 /{ DAE 8

72 lla.enne MODULE_ID DAP FRILSAFE 2 & 1 Dxl)il /5 n the

13 S—

74 #define MODULE ID DAP NO PDEV Ox01 ff DARP 1 no PDEV, for old pnio controller only
75 #define MODULE ID DAP 1PORT 0x02 /f DAP 2 standard, no MRF capability, but Fast STartup
TE fendif

78 /% Comsistency check - Some config combinations are invalid -»> inform user =/
115 #if ( IOD_INCLUDE_POF o)
R#if LIDE _MEP ==_11
117 #define MODULE_ID DAP HGD'U".E_TD_W.P_FEI]’.SAFE_Z_E___J.]
118 #e
118 #define MODULE_ID DAP MODULE_ID DRP_2PORT_NO _MRP
120 #endif
121 #else
122 #define MODULE_ID DRP MODULE_ID DAP_FOF
123 #endif

Figure 4-5 Define of the DAP
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Preparation/configuration of standard source files

4.3 Changes in the source file usriod_main.c

The number for the definition "MODULE_ID_DAP_FAILSAFE_2 6 1" can be found in the

GSDML under the name "ModuleldentNumber" in the DAP (see Figure 2-1 (Page 8)).

define I0 module IDs
(must fit to G5D file)

=
[ag] 1

o
J

#define I0 MODULE_1 BYTE_INOUT @x20

93

99 #define I0 MODULE_1 BYTE_IN Bx21
160 #define I0 MODULE 1 BYTE_OUT @x22
181 #define I0_MODULE_64 BYTE_INOUT @x29
162 #define I0_MODULE G4 BYTE_IN 3o
183 #define I0 MODULE 64 BYTE_OUT @x31
184 #define IO MODULE 64 BYTE IN IRT  @x5@
185 #define I0 MODULE 64 BYTE OUT_IRT  @x51
186 #define IO _MODULE_MULTISUBSLOT BxEe
17

108 #define I0 MODULE_FAILSAFE 2 6 1  @x71

Figure 4-6 Define of the module
The number for the definition "IO_MODULE_FAILSAFE_2 6_1" has been defined in the GSDML

under the name "ModuleltemTarget" in the DAP (see Figure 2-2 (Page 8)).
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Configuration of the PROFlsafe driver 5

The "Application example for implementation of the PROFIsafe driver on the Evaluation Kit
EK-ERTEC 200P-2 V4.7" corresponds with single-channel operation of the PROFIsafe driver.

Changes to the configuration of the PROFIsafe driver require integration of the sources from
the StarterKit CD, as described in section 3.1.2 Configuration for the debugger.

5.1 Header file p_c_config.h

5.1.1 NOF_INSTANCES

Set the define "NOF_INSTANCES" in this implementation to 1 since the PROFIsafe driver is
implemented with one instance.

onfiguration parameters are valid for all PSD-Instances

Figure 5-1 Define for PROFIsafe instances

See profisafe_driver_v2_2 2 programming_manual_en-US.pdf (section 5.1).

5.1.2 REDUNDANT

You can set or comment out the define "REDUNDANT". Both operating modes are supported
by this implementation.

'* with define = Two Channel */
8 /* no define = One Channel */
9 #define REDUNDANT

kd B3 B2

Figure 5-2 Define for REDUNDANT operating mode

Dual-channel operation

With the define "REDUNDANT", the PROFIsafe driver operates as in a dual-channel controller
architecture. The DevKit has a single-channel hardware design. The necessary dual-channel
architecture is simulated in the existing application (App_05). For this purpose, the functions
psd_OutTransfer(), psd_OutSync(), psd_InTransfer() and psd_InSync() are provided by the
application to synchronize the "two" software controllers. You can find a description of the
functions in profisafe_driver v2_2 2 programming_manual_en-US.pdf (section 4.4).

Single-channel operation
Without the define "REDUNDANT", the PROFlIsafe driver operates as a single-channel driver.
The inverse functions are called in this case. See
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Configuration of the PROFIsafe driver
5.1 Header file p_c_config.h

profisafe_driver v2_2 2 programming_manual_en-US.pdf (section 5.2 for redundancy,
section 4.5.8 for single-channel operation).

5.1.3 Length configuration

The defines "OUTDATA_MAX_LEN_INST_01" and "INDATA_MAX_LEN_INST_01" define the
user data length of the F-telegram. Change the defines to match the settings in the GSDML.
(see Optional changes (Page 14))

In this implementation, the user data of the F-telegrams has a length of 1 byte.

The other instances are set to 0 as they are not being used.

..................................
Miovmbayr & vy
Number of user da

/™ maximal 123 I/

ot ot

/* maximal 12 I/
I 1]

#define OUTDATA MAX L

#define INDATA MAX LEN INST_

#define OUTDATA MAX LEN INST_02 lu
#define INDATA MAX LEN INST_O02 lu
#define OUTDATA MAX LEN INST_03 lu
#define INDATA MAX LEN INST_03 lu
#define OUTDATA MAX LEN INST_ 04 0

$define INDATA MAX LEN INST_ 04 0
Figure 5-3 Setting of the length configuration

5.1.4 Source/destination address; SIL class

These parameters specify the fail-safe address assignment and the safety integrity level (SIL)
of the F-module.

The define "F_DEST_ADD" matches the destination address. Since the DevKit has neither a DIP
switch nor a coding element for setting the address, the destination address is permanently
set to 0x0001.

The F-source address is taken from the configuration parameters. The SIL class has been
permanently set to SIL3 in the F-application ("Fapp_Init" function in "PSD\p_c_pseudo.c").

NOTE

You must configure the PROFIsafe destination address and SIL as defined in the application
during engineering. Different settings result in a parameter error.

5.1.5 Telegram properties

The defines "IN_TELE_LEN"and "OUT_TELE_LEN" define the length of the F-telegrams with
user data (1 byte), control/status byte (1 byte) and CRC (4 bytes).
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Configuration of the PROFIsafe driver
5.2 Header file psd_interface.h

The define "FPAR_LEN" is defined with a length of 14 bytes and 2 bytes optional WD2. This
configuration has been defined in the GSDML file (see sectionModule (slot submodules)
(Page 9), figure 2-5)).

The settings/defines must match the GSDML.

You can find more information on the F-parameter structure in the document PROFIsafe-
Profile_3192_V261_Aug14.pdf (section 8.1.9.).

5.2 Header file psd_interface.h

The file "psd_interface.h" can be found under

"..\DevKit4.7_PSD_Image\pn_ioddevkits\src\application\App5_FAILSAFE_PSD". It contains all
the declarations used for the PROFIsafe implementation.

5.2.1 Slot and subslot

The defines "FAPP5_SLOT_NR"== 1 and "FAPP5_SUBLSOT_NR" == 1 correspond with a
modeling with one slot and one subslot. See section 2.2.2 Module (slot submodules).

5.2.2 Parameters for telegram properties

The defines "F_PAR_DS"and "F_PAR_LEN" define the data record and telegram length of the F-
parameters.

You can find more information on the F-parameter structure in the document PROFlsafe-
Profile_3192 V261_Aug14.pdf (section 8.1.9.).

The defines "I_PAR_DS", "I PAR_LEN"and "I_PAR_USER_DATA" define the data record and

telegram length of the I-parameters. |-parameters are not used in the F-application of this
implementation.

You can find more information on the I-parameter structure in the document PROFIsafe-
Profile_3192 V261 _Aug14.pdf (section 8.2.).

5.2.3 Interface for BusEvents

The structure BusEvents defines control events for the state machine of the F-application. The

events are set or reset, depending on their state, both in the F-application of the PSD and
from the DevKit interface.
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Configuration of the PROFIsafe driver

5.2 Header file psd_interface.h

The type BusEvents is declared as follows:

typedef struct

T ]

* New parameters
* parameters.

!
unsigned
unsigned

have been received. The application may reject or assign new

char hasNewParameter;
char hasNewFParameter;

/

* error state set on hard fail 1 = hard fail ® = 0K

B

char errorState;

unsigned
jEw

* Process data output disabled message received from bus. (e.g. CPU in Stop mode)
* 7

ungigned char processDataOutputIsDisabled;

P

* A new process data telegram has been received.
* g

ungigned char hasNewProcessOutputData;

-||' EES

'* Bus has been reset and now it is up again.
wy

unsigned char busHasBeenReset;
_.;':-::-:

New process data received.
ny

ungigned char procDatReceived;
P

= Process data for sending to FHost prepared.
oy

ungigned char procDatSendRequ;

J**
.” I0 device Application ready received from PROFInet
ws

ungigned char icdfpplicaticnReady;

fault insertion test active or version request over record 248
&

unsigned char faultInserticnTest;
}BusEvents;

Figure 5-4 Type BusEvents

5.24 Diagnostics defines
Defines such as "FAPP_F_DEST_ADD_MISMATCH" are error codes that are displayed by the F-
host. For security reasons, the PROFlIsafe driver uses Hamming codes as return values for its
functions. The return values must be mapped onto the standardized error codes by the
application.
The mapping is described in section 12 Mapping the error numbers (Page 87).
You need defines such as "NO_ELEMENT_ACTIVE" and "NOT_QUITTED" for diagnostics
handling.
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Configuration of the PROFIsafe driver

5.2 Header file psd_interface.h

5.2.5 Diagnostics type DiagType

The diagnostics type "DiagType" has been defined as follows:

a5

96

a7

98

a9 typedef struct

100 {

la1 P _Byte isDiagCreateQuitted;
la2 P_Byte isDiagDeleteQuitted;
1a3 PNIO UINT16 activeErrorCode;
la4 PNIO UINT1l6 diagQueue;

l@s }DiagType;

Figure 5-5 Diagnostics structure

The diagnostics type is needed for diagnostics handling.
Explanation of the variables:

isDiagCreateQuitted TRUE: Create — Acknowledgment
isDiagDeleteQuitted TRUE: Delete — Acknowledgment
activeErrorCode Mapped error number
diagQueue Diagnostic buffer
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State machine

The state machine described below is used for the F-application. The application state
machine is controlled by events and states from the PSD. The implementation of the F-
application is based on sources of PROFIsafe StarterKit V3.5.1 (6ES7195-3BF03-0YAQ).

6.1 Structure of state machine

A dedicated state machine is used for the F-application.

The variables "fApp_State", "param_state", "conf_state" and "com_state", which contain the
status of the state machine, have been declared globally for this purpose. The variables have
been declared in file "p_c_pseudo.c" in directory "App5_FAILSAFE_PSD\PSD" and initialized as
follows:

&rrOr_STATE
£ app state
pd:am_s:at.e
c-::f_s:ate- = ;

com_state = CI:I * INITIA

INITIALIZE:

'H

Figure 6-1 Declaration and initialization of the state machine

The F-application "f_app_state" has three states:

INITIALIZE State after Power On, application has not yet been initialized

NO_CYCLIC_DATAEX F-application has been initialized but not yet parameterized. No process data exchange
is taking place.

CYCLIC_DATAEX F-application has been parameterized, and a plausibility check of the F-parameters was
OK. Cyclic data exchange is active

Parameter assignment "param_state" (F-parameters received) is signaled with the following

states:
INITIALIZE No F-parameters have been received yet
PARAM_FPAR_OK Check of F-parameters was OK
PARAM_FPAR_NOT_OK Error detected during check of F-parameters

States of F-telegram length configuration "conf_state" are:

INITIALIZE No length configuration received yet

CONFIG_OK Length configuration received and result of telegram length check matches sum of pro-
cess data length and PSD trailer

CONFIG_NOT_OK Error detected during check of length configuration; discrepancy in process data length
or length of PROFIsafe trailer

The cyclic F-process data exchange "com_state" has the following states:

INITIALIZE No process data exchange is taking place yet (after Power On).
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State machine

6.2 State diagram
DATAEX_OUT_RCV F-application is ready to receive the next output telegram.
DATAEX_OUT_GET A new valid output telegram has been received from the F-host.
DATAEX_IN_SET F-application is ready to set the input data.
DATAEX_IN_SEND Input data has been set, F-application is ready to send the input telegram to the F-host.
6.2 State diagram

FApp_Hard Errox()

Figure 6-2 State diagram
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State machine

6.3 Transition table

6.3 Transition table

START - INITIALIZE

After Power On, the F-application initializes with default values. The state machine is set to
INITIALIZE state.

INITIALIZE - NO_CYCLIC_DATAEX

Once the PROFINET device has received its configuration data, the application and PROFIsafe
driver are initialized with call of psd_Initinstance().

After error-free completion (return value: "INIT_INSTANCE_OK"), the state machine is in
NO_CYCLIC_DATAEX state.

NO_CYCLIC_DATAEX

When the F-parameter data record is received (in this application: data record number 128),
the function psd_FParBuild() is called. If executed successfully (return value:
FPAR_BUILD_OK), the PROFIsafe driver goes to param_state PARAM_FPAR_OK; if an error is
detected, it goes to PARAM_FPAR_NOT_OK.

After receipt of new length configuration user data from the F-host, the function
"psd_Config()" is called. This sets "conf_state" to CONFIG_OK if the check is error-free and to
CONFIG_NOT_OK if an error is detected.

Besides process data, the cyclically called DevKit function PNIO_cbf data_read()
(iodapi_event.c) supplies the io controller provider status (IOPS). This sets the event
processDataOutputlsDisabled using interface function psdinterfaceProcessDataReceived()
(psd_interface.c).

When processDataOutputlsDisabled = 1, the function FApp_Get_Communication_State()
(p_c_pseudo.c) called in the state machine supplies return value "STOP"; when
processDataOutputlsDisabled = 0, "RUN" is returned.

NO_CYCLIC_DATAEX —> CYCLIC_DATAEX

If no error is present (event errorState = 0), parameter assignment was successful
(param_state = PARAM_FPAR_OK), length check was error-free (conf_State = CONFIG_OK)
and communication is in "RUN" state (IOPS value 0x80), the state machine changes to
CYCLIC_DATAEX state. The subsequent call of FApp_Start Communication (p_c_pseudo.c)
sets com_state to DATAEX_OUT_RCV and starts the cyclic process data exchange via
PROFlsafe.

CYCLIC_DATAEX

When com_state = DATAEX_OUT_RCV, the F-application is ready to receive a new process
data telegram. Event procDatReceived = 1 starts the interface function
psdinterfaceReceiveProcessData (psd_interface.c). This copies the process output data
received from the F-host. The subsequent call of FApp_Read_FOutput_Telegram checks the
output data and, if OK, sets com_state to DATAEX_OUT_GET. If the output telegram is error-
free, the data is copied to the process data buffer and switched to the corresponding output
LED ports. com_state changes to DATAEX_IN_SET. The function psd_SetFInData
(p_c_pseudo.c) prepares the next input data telegram for the F-host. com_state changes to
DATAEX_IN_SEND and thereby signals readiness to send the input telegram.
psdinterfaceSendProcessData (psd_interface.c) copies the data of the input telegram to the
data record buffer and sets the event procDatSendRequ. When com_state =
DATAEX_OUT_RCV, the cyclic process data exchange via PROFlsafe restarts.
CYCLIC_DATAEX - NO_CYCLIC_DATAEX

Besides process data, the cyclically called DevKit function PNIO_cbf _data_read()
(iodapi_event.c) supplies the io controller provider status (IOPS). This sets the event
processDataOutputlsDisabled using interface function psdinterfaceProcessDataReceived()
(psd_interface.c).
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State machine

6.3 Transition table

When processDataOutputlsDisabled = 1, the function FApp_Get_Communication_State()
(p_c_pseudo.c) called in the state machine supplies return value "STOP". When
FApp_Stop_Communication() (p_c_pseudo.c) is called, the PROFIsafe communication stops,
process data becomes 0 and the state machine switches to NO_CYCLIC_DATAEX state.

... > HARD_FAIL

If a PROFIsafe function supplies impermissible return values, the function Fapp_Hard_Error()
is called. This sets event errorState = 1. User data including relevant GPIOs are set to fail-safe
values and the PROFIsafe communication is stopped. The HARD_FAIL state can be assumed
from any state of the state machine.
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Embedding the PROFIsafe driver into the F-device

7.1 Embedding the PROFIsafe driver into the F-device
Processor 1 Simulated 2nd Processor
B
Synchronous Synchronous PSD

Interface Interface

Stack Interface
Simulated Application

Channel 2

Slave-Stack

Bus Driver

PROFINET

Figure 7-1 Embedding the F-device in redundant operation
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Embedding the PROFlsafe driver into the F-device
7.1 Embedding the PROFIsafe driver into the F-device

PSD
Invers

PSD
Stack-
Interface

Slave-
Stack

Bus Driver

PROFINET

Figure 7-2 Embedding the F-device in non-redundant operation

NOTE

Implementation on single-channel and dual-channel architecture is described in section
2.1 of manual "PROFlsafe Driver V2.2.3 for F-Slaves" (link to manual:
https://support.industry.siemens.com/cs/ww/en/view/109769384)
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Sequence diagrams

8.1 Error-free sequence

8.1.1 Startup of configuration/parameter assignment

Parameterization
PROFIsafe/Devkit
Interface
1
i
I
1
i
I
]
I
I
]
1
i
I
]
i
I
1

Events
F-Host

Parameterization
PROFIsafe

nstance 1——p

4—return value

—

-——-'l psdinterfaceReceiveRecord() --[ psdinterfacelnit() |——-———————————————

F—new F-parameter—
ecordindex 128

h J

- psd_config) |- psd_rparbuild() | - - - { psd_initinstance() |- ----------mmmmo o

4+—return value

I

i

I
—hasNe-.-.rFParameter~I

1

-| Transmit Recordindex 128

Figure 8-1 Startup of application
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Sequence diagrams

8.1 Error-free sequence

8.1.2 Transition from STOP to RUN
Events Start / Stop PROFIsafe/DevKit
F-Host PROFIsafe Interface
I 1 1
I I 1 i I
i I I i i
I 1 I i I
I 1 I I I
i I I I 1
I 1 I | I
I 1 i I I
i I I I I
i I I i
- I | 1
1 I ]
| I ]
' Telegram with 10PS = 0x80 :
I I i
I - -
i =
I S
I o)
I
: rocessDataOutputisDisabled = 00— i [ OP5 = OxB80
! g
£ i o)
§ I &
¥ H param_state == PARAM_FPAR_OK
= i ! && conf_state == CONFIG_OK
E ] E&Rerror_state == false €
& e && communication_State == RUN E
_ T
g i
2 i
I ]
B ]
a ]
I
|
I
T |
| ! |
1 ! I
r ! return value 1
—— 1 : :
' ! I

Figure 8-2 Startup of communication
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Sequence diagrams
8.1 Error-free sequence

8.1.3 Cyclic data exchange
Events Com e il cator
E.Host mr|ﬂ'ﬁ!ﬂ:ﬂfﬁt

—procDatReceived == 1

tra ns it telega m

racDatSend Regqu se 1—

telepra m recehed

|
|
|
|
|
|
|
|
|
z
&
=
4
-8
|
|
1
=
]
=
=
%
I”I
ki
—
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

—| pmdllntertace ProcessataSand || } —| pedinterfaceSendFrocess Data ) |— —_—_——— e ——— — —| ped Inte rfac e ReceiveProcess Da i ) } —{ pedintarfacaPracasstata Recaivad(l }-

eyelic communication loop

Figure 8-3 Cyclic data exchange
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Sequence diagrams

Telegram with 10PS = Ox60

8.1 Error-free sequence

PROFIsafe/DevKit
Interface

processDataOutputlsDisabled == 1—

8.1.4 Stopping of PROFIsafe communication
Events Start / Stop
F-Host PROFIsafe

.' |
i i
i l
i I
1 |
i I
1 |
i I
- I
|

:

i

<

3

'l:ll

4

transmit telegramm

I

Figure 8-4 Stop of PROFIsafe communication

———10PS = 0x60

eturn value

-====1-- psdinterfaceProcessDataRecelved() |---1--~~~~~""=""""]
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Sequence diagrams

8.2 Error scenarios

[

stare diagnosis

w—diagnosis
——acknowledgs

8.2 Error scenarios
8.2.1 Errors during parameter assignment
Events :“mc Fr:“t; glzion Parameterization
F-Host Inte f‘ PROFIsafe

I T 1
I I ] I |
1 i i 1
] ] I 1
1 1 i 1
1 1 | 1
1 1 1 1
1 1 I 1
I i i 1
1 1 I ]
1 1 I 1
| 1 i 1
1 1 | 1
] I 1 I i
1 i 1 ! 1
1 —L_ 1 1
1 — 1
1 = ? 1
: nstance 1——e ﬁ E :
1 %® i
I 'E = 1
: £ g i
: 4——return value ol ‘E. :
: - o |
o | 1 | | 1
~ | | | ! 1
3 = = :
é ecordindex 128—n 5 =1 1
: : 3 -
g (—failed F-parameter [
£ % g
E’ eturn value —hasNewFParameter =
= g DiaglD
T 1 ‘g
I N 3

a

H

:

i

1

1

1

i

1

1

Figure 8-5 Incorrect parameter assignment

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
58 Getting Started, 09/2022,



Sequence diagrams

8.2 Error scenarios

8.2.2 Telegram error in state "CYCLIC_DATAEX; DATAEX_OUT_RCV"
Communication
Events Communication
PROFIsafe/DevKit
F-Host et PROFIsafe
= ! i
]
§ = I !
¥ |
_E el OPS == Ox80 § I—procDatReceived == 1-m = :
: 5 g i
£ 3 |
E § |
e
H g |
]
{ | |
| 1 T I
I 1 i I ]
| ] I 1
| ] g I 1
| ! I I
I 1 I 1
| ! I 1
| I I 1
| ! % ! 1 I
I ! I i
| H [
I H E I
I H 1
I 1 1
I : :
i ! B |
I ! T !
I ! ! !
| 1 1 |
I ! ! I
I ! I I
[ ! ! !
; i '
I ! 1
+—diagnosis ! ! |
» i | 1
g | I |
w 1 | |
= ] I I
z I I I
g ] | !
4 1 | I
| acknowtedg ! : :
]
: | : .
T i | 1 1
I | I i |
| : | 1 |
* An error can occur if the telegram is corrupted during transmission or if there is an error during copying in the

memory (inconsistency).

Figure 8-6 Telegram error
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Program flow diagram

The following legend applies to all diagrams in section 9
Legende:

[ DevKit -Funktionen

[ ] F-Applikation/DevKit Interface
I F-Applikation

[ ] PROFIsafe

Il Diagnose

Il Hard Fail

Figure 9-1 Legend

The functions shown in the program flow diagram are presented in more detail below based
on the PROFIsafe driver.

The diagnostics is examined separately since it is processed in its own thread.

PROFIsafe properties of the application are initialized (corresponding to FW parameters).
The outputs are initialized to zero (fail-safe values)
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Program flow diagram

9.1 PnUsr_DeviceSetup()

The figure below shows the program flow diagram of the DevKit:

Recerdindex == 128

Recard Date
walid?

=1

F-Host state
Run?

Mew record
ALSE— TRUE

Figure 9-2 Flow of application - new

TRUE:

N 0 IIH

9.1 PnUsr_DeviceSetup()

The function "PnUsr_DeviceSetup()" is called when the DevKit is started.
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Program flow diagram

9.2 PNIO_cbf _rec_write()

psdinterfacelnit()

=

psd_InitInstance()

result == INIT_INSTANCE_OK

TRUE

Figure 9-3 PnUsr_DeviceSetup()

The PROFIsafe driver is initialized in this function with the instance 1.

9.2 PNIO_cbf _rec_write()

Evaluating F-parameters

If a record data record is received, this function is called.

In the example application, only the F-parameters are evaluated. The F-parameters are sent
by the F-host with data record 128.
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Program flow diagram

9.2 PNIO_cbf_rec_write()

psdinterfaceReceiveRecord()

Recordindex == 128

]
o
f app_state == NO_CYCLIC_DATAEX
&& FApp_New_FPar_available() == TRUE
Ye—FALSE

2

hd

psd_FParBuild()

result == FPAR_BUILD_OK

FALSE

<N>TRUE

Figure 9-4 Evaluation of F-parameters
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Program flow diagram
9.2 PNIO_cbf _rec_write()

Length configuration of process data
This block is called in NO_CYCLIC_DATAEX state of the state machine.

FApp_New_LenConfig_available == TRUE
&&f app_state == NO_CYCLIC_DATAEX
&& error_state == FALSE

FALSE

L
]
=
 J

psd_Config()

return values of psd_Config()

FPAR_CONFIG_NOT_OK FPAR_CONFIG_OK FPAR_CONFIG_NOT_POSSIBLE

Figure 9-5 Configuration
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Program flow diagram
9.3 PNIO_cbf data_read()

9.3 PNIO_cbf_data_read()

F-host status

The IOPS is generated by the F-host and shows whether the F-host is in RUN or STOP state:
IOPS 0x80 (GOOD) = F-host in RUN
IOPS 0x60 (BAD) = F-host in STOP

PNIO_cbf_data_read|()

psdinterfaceProcessDataReceived|()

f app state == CYCLIC DATAEX

)n

8,
processDataOutputlsDisabled == 0 %
&&param_state == PARAM_FPAR_OK
&&conf_state==CONFIG_OK

&&error_state==FALSE

processDataQutputisDisabled ==

—TRUE

psd_Run() psd_Stop()

return values of psd_Run() return values of psd_Stop()

PSD_DATAEX:

PSD_HARD_FAIL—
PSD_HARD_FAIL—
PSD_PARAM

Fapp_Cycle()

Figure 9-6 F-host status
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Program flow diagram
9.3 PNIO_cbf data_read()

Communication - psd_RecvFOutTele()

The time values are read in using the function OsGetTime_ms() and passed to the function
psd_RecvFOutTele().

The function psd_RecvFOutTele() expects two independently generated time values. Only
one time value is generated for the application example.

procDatReceived| f_app_state == CYCLIC_DATAEX
&& com_state == DATAEX_OUT_RCV
&&procDatReceived == 1

psd_RecvFOutTele()

Result ==RECV_FOUT_TELE_OK

Figure 9-7 Communication - psd_RecvFOutTele()
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Program flow diagram

Communication - psd_GetFOutData()

com_state == DATAEX_OUT_GET
B& error_state == FALSE
FALSE

w
=2
&=
1

psd_GetFOutData()

return values of psd_GetFOutData()
h 4

F_OUTPUT_OK
F_OUTPUT_OLD_CONSNR
F_OUTPUT_PASSIVATED

F_OUTPUT_COMM_ERR F OUTPUT NOT OK
F_QUTPUT_WD_TIMEGUT - -

Figure 9-8 Communication - psd_GetFOutData()

9.3 PNIO_cbf data_read()

The process data memory OutDataArray is passed to the function psd_GetFOutData(). Once
the telegram has been verified in the function psd_GetFOutData(), the user data is activated
or, if an error is detected, overwritten with zero.
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Program flow diagram
9.4 PNIO_cbf _data_write()

9.4 PNIO_cbf data_write()

Communication - psd_SetFInData()

f_app_state == CYCLIC_DATAEX
&& com_state == DATAEX_IN_SET
&&error_state == FALSE

FALSE

psd_SetFInData()

write PSD status
(PROFlsafe trailer)

Figure 9-9 Communication - psd_SetFInData()
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Program flow diagram

9.4 PNIO_cbf_data_write()

Communication - psd_SendFInTele()

f_app_state == CYCLIC_DATAEX
&& com_state == DATAEX_IN_SEND
&&error_state == FALSE

FALSE

psd_SendFInTele()

I

write PSD CRC (PROFlIsafe trailer)

<

FALSE— ¥

w
]
=
v

psdinterfaceSendProcessData()

I

write input buffer
procDatSendRequ=1

l

Figure 9-10 Communication - psd_SendFInTele()
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Program flow diagram
9.4 PNIO_cbf _data_write()

Communication - PNIO_cbf_data_write()

psdinterfaceProcessDataSend()

procDatSendRequ =0

Figure 9-11 PNIO_cbf data_write()

PNIO_cbf data_write is called if an input telegram is sent from the DevKit to the F-host.
Here, the process input data preassigned in the p_fApp_PNIO_Send buffer (status of F-
outputs + PROFIsafe status + PROFIsafe crc) is copied to the output buffer and the event
procDatSendRequi is reset.

Event procDatSendRequ = 0 signals to the F-application to copy new process input data into
the p_fApp_PNIO_Send buffer for the next com_state == DATAEX_IN_SEND.
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Program flow diagram

9.5 PNIO_cbf_ar_connect_ind()

9.5 PNIO_cbf ar_connect_ind()

PNIO_cbf_ar_connect_ind()

psdinterfaceSetProcessData()

set process data pointer to arrays of
corresponding PROFInet telegrams

Figure 9-12 PNIO_cbf_ar_connect_ind()

This block is not shown in the general chart since it can occur at any time.

The function is called when the F-host is disconnected from the DevKit.

The pointers that point to the PROFINET telegrams are set to zero since no telegrams are
received from that moment on.
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Program flow diagram
9.6 DG_update()

9.6 DG_update()

Diagnostic buffer

Figure 9-13 Diagnostic buffer
The diagram describes how the DG_update() task handles diagnosis events.
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Program flow diagram

9.6 DG_update()

In the event of incoming diagnosis events, the diagnostic buffer is filled with incoming
diagnosis events from the function "DG_setEvent()". "DG_clearEvent()" sets the state of the
diagnosis event as outgoing.

The data structure of the diagnostic buffer "diagEvents_" has been defined in
DiagnosticManager.h as follows:

typedef struct
{
unsigned short ID;
unsigned char sendTIoBus;
}DiagEvent;
Figure 9-14 DiagnosticManager
ID corresponds with the diagnosis event ID, sendToBus describes the state of the diagnosis

event.

¢ sendToBus =0: Diagnosis event has already been sent to the bus or, if ID =0, the
diagnostic buffer is empty

» sendToBus =1: Incoming diagnosis event
¢ sendToBus =2: Outgoing diagnosis event
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PROFIsafe functions 1

10.1 psd_Initinstance()

psd_Initinstance()

Source file: p_c_pseudo.c

Function: Fapp_Init

Transfer parameters

INST_01 Instance 1

DYNAMIC_TELE_LEN_CONF_ON Dynamic telegram length configuration active.

Evaluation of return value:

If the return value is "INIT_INSTANCE_OK", the state "NO_CYCLIC_DATAEX" is assumed.
If the return value is "INIT_INSTANCE_NOT_OK", the function FApp_Hard_Error() is called.

10.2 psd_FParBuild()

psd_FParBuild()

Source file: p_c_pseudo.c

Function: FApp_Param

Transfer parameters

INST_0O1 Instance 1

fParameterData "Firmware parameters" such as destination address,
source address and SIL are stored in this variable.

fParameterDatalength Length of data structure of F-parameter.

iParameterCrc16 I-parameters are not supported in this example.

iParameterCrc32 I-parameters are not supported in this example.

Evaluation of return value:

Based on the return value of psd_FParBuild() (error detected), a diagnosis event is sent to the
thread DiagnoseHandling() with the function addDiagnose().

The return values are mapped onto the error numbers from the GSDML file and passed to the
function addDiagnose().
If execution of the function is successful, the state "PARAM_FPAR_OK" is assumed.
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PROFIsafe functions

10.3

10.4 psd_Run()

psd_Config()

psd_Config()

Source file: p_c_pseudo.c

Function: Fapp_LenConfig

Transfer parameters

INST_0O1 Instance 1

Evaluation of return value:

10.4

If an error is detected, the F-application changes to safe state with FApp_Hard_Error().
If the check is successful, the state "conf_state = CONFIG_OK" is assumed.

NOTE

For the length configuration, a length of 1 byte was entered for
OUTDATA_MAX_LEN_INST_01 and INDATA_MAX_LEN_INST_01 in header file "p_c_config.h",
since it was defined this way in the GSDML file of the DevKit. (see Length configuration (Page
44))

For the function psd_GetConfigPtr(), the telegram lengths were determined and passed.
Here, the telegram has a length of 6 bytes (1 byte user data + 1 byte status byte + 4 bytes
CRQ). The telegram length was defined in section Interface for BusEvents (Page 45).

psd_Run()
psd_Run()
Source file: p_c_pseudo.c
Function: FApp_Start_ Communication

Transfer parameters

INST_O1 Instance 1

Evaluation of return value:

If the return value is "PSD_DATAEX", the state "f_app_state = CYCLIC_DATAEX" is assumed. As
a result, the F-application changes to state PROFIsafe process data exchange.
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PROFIsafe functions

10.6 psd_RecvFOutTele()

10.5

If an error is detected, the F-application changes to safe state with FApp_Hard_Error().

NOTE

After the DevKit has received a PROFINET frame, the IOPS status is read out. If this is 0x80 (F-
host in Run) and param_state == PARAM_FPAR_OK, conf_state == CONFIG_OK and
error_state == FALSE, the F-application changes to state CYCLIC_DATAEX (process data
exchange).

psd_Stop()
psd_Stop()
Source file: p_c_pseudo.c
Function: FApp_Start_Communication

Transfer parameters

INST_0O1 Instance 1

Evaluation of return value:

10.6

76

Return value PSD_PARAM is not evaluated in the example.
The F-application changes to NO_CYCLIC_DATAEX state and stops the PROFIsafe process data
exchange. PSD com_state changes to INITIALIZE state.

NOTE

The IOPS status is read out after every receipt of a PROFINET telegram by the DevKit. If IOPS is
0x60 (F-host in Stop), the event "processDataOutputlsDisabled" is set. The event is evaluated
multiple times in FApp_Cycle. When Event = 1 (active), psd_Stop is called using
Fapp_Stop_Comunication().

psd_RecvFOutTele()

psd_RecvFOutTele()

Source file: p_c_pseudo.c

Function: FApp_Read_FOutput_Telegram

Transfer parameters

INST_0O1 Instance 1

time1 Time stamp in ms

time2 Time stamp of simulated CPU 2 in ms
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PROFIsafe functions

10.8 psd_SetFInData()

Evaluation of return value:

10.7

If the return value of function psd_RecvFOutTele() is not "RECV_FOUT_TELE OK", the F-
application changes to safe state with FApp_Hard_Error().

NOTE

The transfer parameters "time1" and "time2" should be generated by 2 independent timers.
However, since only one F-device is being simulated here, both values are the same (see
section "Embedding the PROFIsafe driver into the F-device (Page 52)").

psd_GetFOutData()

psd_GetFOutData()

Source file: p_c_pseudo.c

Function: FApp_Get_FOutput_Data

Transfer parameters

INST_0O1 Instance 1

& FOutputDataCB Buffer for PSD control bytes

& OutDataArray Buffer for process output data

OUTDATA_MAX_LEN_INST_01 User data length without PROFIsafe trailer, here:
1 byte

Evaluation of return value:

10.8

Based on the return value of psd_GetFOutData (error detected), an "incoming” diagnosis
event is sent using \DG_setEvent(event ID) if an error is detected.

The return values are mapped onto the error numbers from the GSDML file. If the check is
error free, the state com_state = DATAEX_IN_SET is assumed (prepare process input data and
status byte for F-host input telegram).

psd_SetFInData()

psd_SetFInData()

Source file: p_c_pseudo.c

Function: FApp_Set_FInput_Data

Transfer parameters

INST_01 Instance 1
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PROFIsafe functions
10.9 psd_SendFInTele()

& FInputDataSB Buffer for PSD status byte

& InDataArray Buffer for process input data

INDATA_MAX_LEN_INST 01 |User data length without PROFIsafe trailer, here: 1 byte

Evaluation of return value:

If the return value of function psd_SetFInData() is not SET_FIN_DATA_OK, the F-application
changes to safe state with FApp_Hard_Error().

If no error is detected, the state com_state = DATAEX_IN_SEND is assumed (send process
input data to the F-host).

10.9 psd_SendFInTele()

psd_SendFInTele()

Source file: p_c_pseudo.c

Function: FApp_Send_FInput_Telegram

Transfer parameters

INST_0O1 Instance 1

Evaluation of return value:
If the return value of function psd_SendFInTEle() is not "SEND_FIN_TELE_OK", the F-
application changes to safe state with FApp_Hard_Error().
If no error is detected, the state com_state = DATAEX_OUT_RCV is assumed (receipt of F-
output data from the F-host).
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Integration of PROFIsafe driver source files into the 1 1
application example

If you want to debug the function of the PROFIsafe driver on the DevKit, you must use the
original sources files of the PROFIsafe driver. Three source files ("p_c_pseudo.c”,
"p_c_fapplication.c" and "p_c_si.c") have been provided for this purpose on the CD of the
PROFIsafe Starter Kit V3.5.1 (6ES7194-3BF03-0YAO) in folder "Example”.

11.1 p_c_fapplication.c

psd_OutTransfer(), psd_OutSync(), psd_InTransfer(), psd_InSync()

The functions psd_OutTransfer(), psd_OutSync(), psd_InTransfer() and psd_InSync() simulate
a data exchange between two processors with the static variable SyncValues. These functions
are only called when the define "REDUNDANT" has been set.

In this application example, the two processors are emulated on one processor, and the
synchronization functions are therefore executed without errors.

disable_int()
No changes were made here since the PROFlIsafe driver can also operate without an interrupt
disable in this application.

enable_int()
No changes were made here since the PROFlIsafe driver can also operate without an interrupt
disable in this application.

11.2 p_c_si.c

psd_SetFParPtr()

This function copies the F-parameters received from the F-host into the static parameter
buffer prm_fpar defined in the same file.

psd_GetFParPtr()

This function returns a pointer that points to the F-parameters.
This has been stored in a global variable "prm_fpar” in the same file.
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Integration of PROFIsafe driver source files into the application example

11.3 p_c_pseudo.c

psd_GetConfigPtr()

This function returns a pointer to the PROFIsafe telegram length.
This has been stored in a global variable "io_range" in the same file.

psd_GetinputBuffer()

This function returns the pointer to the array with the cyclic process input data.
This has been stored in a global variable "InDataArray" in "p_c_pseudo.c".

psd_InputSendAck()
The return value is always "FIN_TELE_UPDATE_OK".

psd_GetOutputTelegram()

This function returns the pointer to the array with the cyclic process output data.
This has been stored in a global variable "OutDataArray" in "p_c_pseudo.c".

11.3 p_c_pseudo.c

calcFParCRC()

This function calculates a 16-bit CRC for the console output following a CRC error.
Terminal programs such as Tera Term or similar tools can be used for the console output.

Fapp_Process_Dat_Out()

This function switches process output data to the output LEDs of the DevKit.

Fapp_New_FPar_available()

This function evaluates the events "hasNewParameter" and "hasNewFParameter" and returns
"TRUE" when an event is active. The events are reset at the same time.

Fapp_Get_Communication_State()

This function evaluates the event processDataOutputlsDisabled and returns "STOP" when the
event is active. When Event = O, the return value is "RUN".
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Integration of PROFIsafe driver source files into the application example

11.3 p_c_pseudo.c

Fapp_Hard_Error()

This function calls all error handlers (stop PROFIsafe communication, stop process data
output, switch fail-safe values, console output of line number and FilelD) and sets the
errorState event.

main()

The main() function is replaced by the MainAppl() function in this implementation example.
The definition is made in usriod_main.c.

Fapp_Cycle()

The state machine of the PSD has been adapted to the firmware of the DevKit (see State
machine (Page 48)).

Fapp_Init()

This function initializes all application-specific data of the PSD during Power On and has been
adapted to the firmware of the DevKit. The initialization of interface events and specific F-
parameters, such as source address, destination address and SIL, has been added.

If an error occurs during initialization of the PSD instance, the F-application goes to safe state
with FApp_Hard_Error().

If initialization is completed without errors, f_app_state changes to NO_CYCLIC_DATAEX (wait
for parameters).

(see flow diagrams Startup of configuration/parameter assignment (Page 54) and
PnUsr_DeviceSetup() (Page 61))

Fapp_Param()

This function is called when interface event hasNewFParameter is active in f_app_state
NO_CYCLIC_DATAEX; it checks the F-parameters received from the bus.

Depending on the return value of the called FParBuild(), an "incoming" diagnosis event is sent
using DG_setEvent(event ID) if an error is detected. Event IDs are mapped onto error numbers
of the GSDML. If the check is error-free, then param_state = PARAM_FPAR_OK.

(see flow diagrams Startup of configuration/parameter assignment (Page 54) and Errors
during parameter assignment (Page 57-58)).

Fapp_Read_FOutput_Telegram()

This function checks the output telegram received from the F-host. For the time stamps time1
and time2 (timeout check), the same timers are read by the operating system of the DevKit.
(see diagrams Cyclic data exchange Cyclic data exchange (Page 55), Telegram error in state
"CYCLIC_DATAEX; DATAEX_OUT_RCV" Telegram error in state "CYCLIC_DATAEX;
DATAEX_OUT_RCV"(Page 58) and Communication - psd_RecvFOutTele()

PNIO_cbf data_read() (Page 64) and the description of the psd_RecvFOutTele() function
psd_RecvFOutTele() (Page 76))
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Integration of PROFIsafe driver source files into the application example

11.4 DiagnosticManager.c

Fapp_GetFoutData()

This function gets the checked output data as well as bit information of the control byte for
the process data output.

Depending on the return value of the called psd_GetFOutData(), an "incoming" diagnosis
event is sent using DG_setEvent(event ID) if an error is detected. Event IDs are mapped onto
error numbers of the GSDML. If the check is error free, then com_state = DATAEX_IN_SET
(prepare process input data and status bytes for F-host input telegram).

See diagrams Cyclic data exchange Cyclic data exchange (Page 55), Telegram error in state
"CYCLIC_DATAEX; DATAEX_OUT _RCV" Telegram error in state "CYCLIC_DATAEX;
DATAEX_OUT_RCV"(Page 58) and Communication - psd_GetFOutData()

PNIO_cbf data_read() (Page 64) and the description of the psd_GetFOutData() function
psd_GetFOutData() (Page 77).

Fapp_Set_Finput_Data()

This function assigns process input data and the PSD status byte for the F-host with function
call psd_SetFInData(). If the return value of function psd_SetFInData() is not
SET_FIN_DATA_OK, the F-application changes to safe state with FApp_Hard_Error().

If no error is detected, then state com_state = DATAEX_IN_SEND (send process input data to
the F-host).

See diagrams Cyclic data exchangeCyclic data exchange (Page 55) and Communication —
psd_SetFInData() PNIO_cbf data_write() (Page 67) and the description of the
psd_SetFInData() function psd_SetFInData() (Page 77)

Fapp_Send_FInput_Telegram()

This function prepares the F-input telegram for the F-host with function psd_SendFInTele(). If
the return value of function psd_SendFInTEle() is not SEND_FIN_TELE_OK, the F-application
changes to safe state with FApp_Hard_Error().

If no error is detected, then state com_state = DATAEX_OUT_RCV (receive F-output data from
the F-host).

See diagrams Cyclic data exchange Cyclic data exchange (Page 55) and Communication —
psd_SetFInTele() PNIO_cbf data_write() (Page 67) and the description of the
psd_SetFInTele() function psd_SendFInTele() (Page 78)

11.4 DiagnosticManager.c

DG_setEvent()

82

This function enters diagnosis event numbers in the diagnostic buffer as "incoming".

The error number that was defined together with its diagnostics text in the GSDML is needed
as transfer parameter.
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Integration of PROFIsafe driver source files into the application example

11.5 Psd_interface.c

DG_clearEvent()
This function removes diagnosis event numbers from the diagnostic buffer. "Outgoing
diagnosis event".

The error number that was defined together with its diagnostics text in the GSDML is needed
as transfer parameter.

DG_update()

This function is called cyclically as a task; it processes all diagnostics entered in the buffer. See
diagram for DG_update() task for handling diagnosis events DG_update() (Page 71)

11.5 Psd_interface.c

All functions implemented in the file "Psd_interface.c" serve as an interface between the
ERTEC 200P DevKit software and PROFlIsafe F-application. The DevKit and F-application cycles
run asynchronously. Therefore, the program flow is controlled using events.

psdinterfacelnit()

This function, which is called from DevKit PnUser_DeviceSetup() during Power On, initializes
the PROFIsafe driver, diagnostics manager and F-application. Return value is PNIO_OK or, if an
error is detected, PNIO_NOT_OK.

See diagram Startup of configuration/parameter assignment (Page 54).

psdinterfaceSetLED()

This function, which is called in F-application Fapp_Process_Dat_Out(), switches process
output data (or 0, if an error is detected) to the LEDs of the DevKit.

psdinterfaceF_App_Cycle()

This function, which is called from DevKit MainAppl(), implements the F-application. It is
processed cyclically (see State machine [(Page 48))

psdinterfaceReceiveRecord()

This function is called from DevKit PNIO_cbf rec_write() when a data record is received.
Depending on the data record number, control events (hasNewFParameter, faultinsertionTest
etc.) are set for the F-application and the data is copied to the relevant buffer of the F-
application. (see diagram PNIO_cbf rec_write()). Return value is PNIO_OK or, if an error is
detected, PNIO_NOT_OK.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
Getting Started, 09/2022, 83



Integration of PROFIsafe driver source files into the application example

11.5 Psd_interface.c

psdinterfaceSendRecord()

This function is called from DevKit PNIO_cbf rec_read() following a read data record request
(F-parameter, Trace, fault insertion test). Depending on the data record number, the data of
the F-application is copied to the transfer buffer of the DevKit. Return value is PNIO_OK or, if
an error is detected, PNIO_NOT_OK.

psdinterfaceSetProcessData()

This function is called from DevKit PNIO_cbf ar_connect_ind() during initialization after
Power On; it sets the process data pointer of the F-application to the corresponding buffer of
the DevKit.

See diagram PNIO_cbf_ar_connect_ind() |(Page 70).

psdinterfaceProcessDataReceived()

This function, which is called from DevKit PNIO_cbf data_read() upon receipt of process data,
sets the event procDatReceived and, depending on IOPS, the event
processDataOutputlsDisabled.

See diagrams "F-Host Status" and PNIO_cbf_data_read() (Page 64) "Communication —
psd_RecvFOutTele()" PNIO_cbf _data_read() (Page 64)

psdinterfaceReceiveProcessData()

This function, which is called from F-application Fapp_Cycle() following event
procDatReceived, copies process output data from the buffer of the DevKit to the process
data buffer of the F-application.

See diagram "Communication — psd_RecvFOutTele()"PNIO_cbf data_read() (Page 64)

psdinterfaceSetProcessData()

This function, which is called from F-application Fapp_Cycle(), copies process input data from
the process data buffer of the F-application to the transfer buffer of the DevKit and sets the
event procDatSendRequ.

See diagram "Communication — psd_SendFInTele()".PNIO_cbf data_write() (Page 67)

psdinterfaceProcessDataSend()

This function, which is called from DevKit PNIO_cbf data_write, resets the event
procDatSendRequ after successful sending of the process input data to the F-host, thereby
releasing the DevKit transfer buffer for new process input data of the F-application.

See diagram "Communication — PNIO_cbf data_write()" PNIO_cbf data_write() (Page 67)
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Integration of PROFIsafe driver source files into the application example

11.7 DevKit iodapi_event.c
11.6 DevKit PnUsr_Api.c

PnUsr_DeviceSetup()

The initialization function psdinterfacelnit() of the F-application interface is called here.

PNIO_cbf_rec_read()

This function is extended to record indices 240 (Fatal Error Report) and 201 (PSD Trace
Report); it calls the interface function psdinterfaceSendRecord().

switch (RecordIndex)
{

case O0xQ00FQ0: //record 240 for wversion request, fault insertion tests and fatal error report
Status = padinterfaceSendRecord (RecordIndex,pBuffer,pBuflen);
break;

case 0x00CS: frecord 201 PS5 trace report
Status = padigf-Ssil-SendRecord (Recordindex, pBuffer, pBuflen) ;
break;

Figure 11-1 PNIO_cbf rec_read()

PNIO_cbf_rec_write()

This function is extended to record indices 128, 129 and 240; it calls the interface function
psdinterfaceReceiveRecord().

p—— -t

switch (RecordIndex)
{
case 0xE0al:
Status = PROFIenergy RequestHandler (pAddr, pBuflen, pBuffer, pPnicState, ArNum);
break ;

case 0x0080: //

case 0x0081: /

case O0x00FQ: //record 240
Scatus = padinterfaceReceiveRecord (Recordindex,pBuffer,pBuflen);
break:

n request and fanlt insertcion tesSts

Figure 11-2 PNIO_cbf rec_write()

11.7 DevKit iodapi_event.c

PNIO_cbf_data_write()

Call of the interface function psdinterfaceProcessDataSend(). See description of interface
functionPsd_interface.c (Page 83).
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Integration of PROFIsafe driver source files into the application example

11.8 DevKit usriod_main.c

PNIO_cbf_data_read()

Call of the interface function psdinterfaceProcessDataReceived(). See description of interface
functionPsd_interface.c (Page 83).

PNIO_cbf_ar_connect_ind()

Call of the interface function psdinterfaceSetProcessData(). See description of interface
functionPsd_interface.c (Page 83).

11.8 DevKit usriod_main.c

MainAppl()

Call of the interface function psdinterfaceF_App_Cycle(). See description of interface
functionPsd_interface.c (Page 83).
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Mapping the error numbers

12

Since the return values of psd_FParBuild() and psd_GetFOutData() do not correspond with

the error numbers defined in the GSDML together with their error texts, the return values are
mapped onto the PROFIsafe-specific error numbers.
The diagnostics texts have been standardized and are contained in PROFIsafe profile
"PROFIsafe-Profile_3192 V261 _Aug14.pdf", page 39.

The table below presents an overview of the transformed error numbers:

(F_WD_Time or F_WD_Time_2
elapsed)

Hex [Number PSD return values Description psd_FParBuild() |[psd_GetFOutData()
Hex
0x40 |64 0x4A Mismatch of safety destination X
address (F_Dest_Add)
0x41 |65 0x41 Safety destination address not valid |X
(F_Dest_Add)
0x42 |66 0x54 / 0x2C Safety source address not valid or X
mismatch (F_Source_Add)
0x43 |67 0x79 Safety watchdog time valueisO ms |X
(F_WD_Time, F_WD_Time_2)
0x44 (68 0x86 Parameter "F_SIL" exceeds SIL from |X
specific device application
0x45 (69 0x98 Parameter "F_CRC_Length" does not [X
match the generated values
0x46 |70 O0xAB Version of F-Parameter set incorrect |X
0x47 |71 0xB5 Data inconsistent in received F-Para- (X
meter block (CRC1 error)
0x48 |72 O0xCD / Ox72 Device specific or unspecified dia- X
gnosis information, see manual
0x4B |75 OxEO Inconsistent iParameters (iParCRC X
error)
0x4C |76 Ox1F F_Block_ID not supported X
0x4D |77 0x67 Transmission error: data inconsistent X
(CRC2 error)
Ox4E |78 0x79 Transmission error: timeout X

The right side of the table indicates which function sends which diagnoses.

Application example for implementation of the PROFIsafe driver on the Evaluation Kit EK-ERTEC 200P-2 V4.7
Getting Started, 09/2022,

87



LED status of the DevKit

Various LEDs are controlled in this implementation to enable you to better identify an error

source.
LEDs Meaning Remedy
SYNC ERROR MAINT
pes On Hard error situation Power Off/ Power On
Flashes Flashes
Off e Off Incoming diagnosis event act- |Evaluate diagnostics and
Flashes ive handle the error
P Off Off No parameter assignment In case of sustained flashing,
Flashes check the parameter assign-
ment in the TIA Portal.
u Off Off Cyclic data exchange
On
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User LED output 1 4

LEDs are located above port X50 (Figure 18) of the DevKit. These are representative of
outputs that are switched.

In this application, only the first 4 LEDs or, in non-redundant operating mode, the last 4 LEDs
are switched. Which LED is switched depends on the first 4 bits of the process data.

The left-most LED is the LSB and the fourth LED from the left is the MSB.

In non-redundant operating mode, the last 4 LEDs are additionally switched starting from the
right inversely to the left 4 LEDs.

blue |Status LED (connector for GPIOs connected)

red LEDs for output of user data (left LSB, right MSB)

green |LEDs for output of user data (in non-redundant operating mode)

Figure 14-1 User LEDs of the DevKit

NOTE

The first LED from the left is always lit because it merely indicates whether the connector for
user GPIOs has been plugged in.
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User LED output

X43
XHIF(3) 1 ® ® |2
NC 3 ] @ 4
5| e @6 42
Ne7 e @ |8 1 @ @ | 2 syncw)
N9 | e e |10 3 | | 4 synco)
5 L ® | 6 Trace
X32 /7| ® @ | 8 EEPROM
O | | 10 userGPIOs
1 e _ e 2 11 | I | 12 uarT
3| @ > @ 4 13| @ @ |14 Temp
S| @ o ® 6 15| @ @ |16 xHIF©)
/| @5 @ |8 17| @ @ |18 xHiF(m)
9 e e |10 19 @ @ |20 xHFE)

Figure 7 EB 200P default configuration of onboard circuits

Figure 14-2 Connector for user GPIOs

The connector for user GPIOs must have been plugged in (Port X42, Pin 9, 10) so that the
GPIOs can be controlled by the application.
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Glossary

CRC
Cyclic Redundancy Check

DevKit
Evaluation Kit EK-ERTEC200P PN IO V4.3

Embedded Software

Colloquial term for firmware.
Hardware-level software that is installed on the F-device.

F-device
Passive communication partner that is able to execute the PROFIsafe protocol and that is
prompted by the F-host to exchange data.

F-host
Data processing unit that is able to execute the PROFIsafe protocol and that prompts the F-
device to exchange data.

FIT

Fault Insertion Test

F-parameter

PROFlsafe parameter

FW

Firmware, also "embedded software"
GPIO

General Purpose Input Output

Pins that can be used as output or input.
GSDML

General Station Description Markup Language
HW

Hardware
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Glossary

PROFIsafe trailer

Composed of status/control byte and the security information.

PSD

PROFIsafe driver for F-device
SIL

Safety Integrity Level
WD

Watchdog for runtime monitoring
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