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Introduction / Motivation
ADIAC and POWERLINK

= New control environment needed for AIT power distribution laboratory
= Switches and loads
= Control devices
= Measurement units
= Based on standardized methods and free/open source
= |EC 61499 as distributed control system
= ADIAC for distributed control
= openPOWERLINK for decentralized 1/0 access
= |Integration of openPOWERLINK and 4DIAC Framework needed
= Development of IEC 61499 Ethernet POWERLINK 1/O SIFBs
= |ntegration of the openPOWERLINK stack into the FORTE (4DIAC-RTE)
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Overview Ethernet POWERLINK

Main Characteristics

= Standard Ethernet

= Only real-time solution based on standard Ethernet

= Fully compliant to IEEE 802.3

= Ready for future evolutions of Ethernet

= High performance
= 100 Mbits/s
= 100 ns synchronization
= 100 ps cycle time
= Simplicity
= Basic and robust mechanism
= No complex time synchronization

= Adequate to industrial automation
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Overview openPOWERLINK

Main Characteristics

=  openPOWERLINK

" Open Source POWERLINK stack (M N/CN) openPOWERLINK Userspace Library
= Developed by SYS TEC electronic GmbH
= Released under Open Source BSD license

= Generic code (multi-platform)

Userspace

= Hosted on SourceForge

= Two stack implementations for Linux

Kernelspace
Linux Network Stack

= Linux kernel module (max. performance)

Linux Network Driver

= Userspace library using libpcap

A

= Stack implementation on Windows

Ethernet Controller

= Implementation based on WinPcap library Source: B&R
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IEC 61499 Integration of Ethernet POWERLINK

Concept Overview

= |EC 61499 System Model
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IEC 61499 Integration of Ethernet POWERLINK

Function Block Library

= Master Node FB

Service Initialization -

Event Input Qualifier -
Device Configuration -
Application Configuration -
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- Initialization Confirm

- Event Output Qualifier
- Service Status



IEC 61499 Integration of Ethernet POWERLINK

Function Block Library

= Client Node FBs — Generic I/O FB

Service Initialization - Event = KINIT INITC}—E* Event - Initialization Confirm
Service Request - Event H-—=REQ CNF = Event - Confirmation of Requested Service
Application Response to IND - Event —H RSP IND H—Event - Indication from Resource
POWERLINK_IO
0.0
Event Input Qualifier - BOOL = 10)1 QO <+ BOOL - Event Qutput Qualifier
Client Node ID - USINT H—=aCNID CNIDO% & USINT - Client Node ID output
Station Number - UINT H—=MODID STATUS 8 STRING - Service Status
Output Number of Station - USINT —HH—=a0OUTPUTID  INPUT BHHE— ANY - Input Value
Input Number of Station - USINT —H INPUTID
Output Value - ANY —H&H EDUTPUT
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IEC 61499 Integration of Ethernet POWERLINK

Function Block Library

= Client Node FBs — Analogue I/O FBs

Service Initialization - Event
Service Request - Event
Application Response to IND - Event
Event Input Qualifier - BOOL
Client Node ID - USINT
Module ID - UINT

Service Initialization - Event

Service Request - Event

Event Input Qualifier - BOOL

Client Node ID - USINT

Module ID - UINT

Analog Output 01 - INT

Analog Output 02 - INT

Analog Qutput 03 - INT

Analog Output 04 - INT
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IEC 61499 Integration of Ethernet POWERLINK

Function Block Library

= Client Node FBs — Digital I/O FBs

Service Initialization - Event INITO Event - Initialization Confirm
Service Request - Event REQ CNF tH—Event - Confirmation of Requested Service
X20D09322
0.0
Event Input Qualifier - BOOL QO+« BOOL - Event Qutput Qualifier
Client Node ID - USINT CNIDO=—  USINT - Client Node ID Qutput
Station Number - UINT *MODID STATUS =8 STRING - Service Status
Digital Qutput 01 - BOOL—& DO01
Digital Qutput 02 - BOOL—# DO02
Digital Qutput 03 - BOOL—& DO03
Digital Qutput 04 - BOOL—H—RDO04 o o
Digital Output 05 - BOOL —& DO0S Service Initialization - Event INITOs—F— Event - Initialization Confirm
Digital Output 06 - BOOL —& DO06 Application. Re.quest toread inputs - Event REQ CNF = Event - Corllﬁrn.wation of Requested Service
Digital Output 07 - BOOL—& D007 Application Response to IND - Event RSP IND - Event - Indication from Resource
Digital Output 08 - BOOL—+ DO08 X20DI19371
Digital Output 09 - BOOL— DO09 0.0
Digital Output 10 - BOOL —§—rDO10 Event Input Qualifier - BOOL  —H#QI QO | BOOL - Event Output Qualifier
Digital Output11 - BOOL—§—»rDO11 Client Node ID - USINT ~ —8—sCNID  CNIDO#—+ | USINT - Client Node ID Output
Digital Output 12 - BOOL—#—pDO12 Station Number - UINT ~ —B—sMODID STATUS «=#H3—STRING - Service Status
- DI01 fH— BOOL - Digital Input 01
DIO - BOOL - Digital Input 02
DIO3 BHE— BOOL - Digital Input 03
DI04 - BOOL - Digital Input 04
DI0S fHE— BOOL - Digital Input 05
DIO6s—HH—BOOL - Digital Input 06
DIO7s—H+H— BOOL - Digital Input 07
DIO8s—H#H—BOOL - Digital Input 08
DIO9s—H+H— BOOL - Digital Input 09
DI10 - BOOL - Digital Input 10
DI11 BHE— BOOL - Digital Input 11
DIl BH-B0O0OL - Digital Input 12
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IEC 61499 Integration of Ethernet POWERLINK
4DIAC Integration

=  0openPOWERLINK stack access through wrapper class

POWERLINK_MN

Q\ PowerlinkStackWrapper
1
1 -

+oPLStacklnit() openPOWER

POWERLINK_IO +getProcessimageln() LINK Stack
O/ +getProcessimageOut()
+oPLStackShutdown()
0.+

09.09.2011 Filip Andrén, Energy Department



ADIAC/openPOWERLINK Toolchain
Distributed IEC 61499 System with Decentralized I/O Modules

= Necessary Tools/Software
= FieldobusDESIGNER Configuration
= 0openCONFIGURATOR - | , ADC
= 4DIAC-IDE _ - -
FieldbusDESIGNER openCONFIGURATOR
= FORTE XAP Network
. oo Configuration
o i
i i
Is POWERLINK
Module Module ShenseIsa shiiogy

Industrial PC
= (IPC)

4DIAC-IDE
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IEC 61499 Integration of Ethernet POWERLINK

Configuration of Decentralized 1/0 Modules

= Two Possibhilities

= Originally with header xap.h - compilation of FORTE necessary

= Configuration using e POWERLINK_MN_0 List with:
Xap.XmI & mnObd.CdC XAP RINI INITO! [client node ID, module ID, 10 ID]

POWERLINK_MN
_

—> no need to compile CD

@]

Qo
—_— bd.cd CDC_CFG  STATUS «
FORTE for every new T apal EAPP oG J

I/O setup 4

X20A04622

RINIT INITO®
tREQ CNF =
X20A04622
0.0
e)| QO
mCNID CNIDO™

2BMODID STATUS s
5.45mAQOL
-2.25mA002
10.00 mAO03
0RAQO4

<
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Implemented Test Case

Hardware Setup

= Test Application

Control Application
Execution with FORTE

Industrial PC (IPC)

FORTE Firmware or User FB's  Event-Connections Data-Connections
o g il et -
. Resource1 -Resource n Type-Library

External Event Event Chain Device

Manager Executor Log FAL = FORTE Abstraction Layer

Unterupt-Handiing) [ Devicero | [ Memoy N I Timer 8 [ Nemok |

Device specific Hardware & Operating System

ETHERNET el "on mn i

POWERLINK |

Dezentralized 1/0s

AV

P

open source technology
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Implemented Test Case
Control Application

= Control Application Resource
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Implemented Test Case

Control Application

= |O Resource Application

& START HESR m POWERLINK_MN HX20D19371 EPUBL 120 HSUBL 120 B X20D09322
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Future Activities

Plans for the upcoming months

= Implementation of additional I/O modules (e.g. temperature module, etc.)
= Porting to Linux

= Documentation of the source code

= User documentation

= Further tests in the AIT laboratory environment

= Provision as 4DIAC open source module under the EPL
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