5YS TED

openPOWERLINK:
Ethernet POWERLINK
Protocol Stack

Softwar e M anual

Edition February 2010

system house for distributed automation



openPOWERLINK: Ethernet POWERLINK Protocol Stack

Revision history

Date/ Version | Section |Change Editor

Nov 2006 /1.0| all Creation D. Kruger
Apr 2008 /2.0 | API Description for MN added D. Keig
Sep 2009 /3.0| all LED module added, D. Kruger

description of new PDO error
codes added,
typos fixed,

new Edrv interface added which
supports Ethernet controllers with
auto-response feature

Dec 2009/3.1| all typos fixed, D. Bosler,
wording revised D. Kruger
Feb 2010/4.0| API Description of  Configuratidd. Kriiger

Manager added

© SYS TEC electronic GmbH 2010 L-1098e 4



openPOWERLINK: Ethernet POWERLINK Protocol Stack

In this manual are descriptions for copyrighteddpicis which are not explicitly

indicated as such. The absence of the traden@ylsy¥mbol does not infer that a
product is not protected. Additionally, registerpdtents and trademarks are
similarly not expressly indicated in this manual

The information in this document has been carefthigcked and is believed to be
entirely reliable. However, SYS TEC electronic Gmassumes no responsibility
for any inaccuracies. SYS TEC electronic GmbH regitjives any guarantee nor
accepts any liability whatsoever for consequemntéahages resulting from the use
of this manual or its associated product. SYS TECtenic GmbH reserves the
right to alter the information contained herein heiit prior notification and
accepts no responsibility for any damages whichhtmgsult.

Additionally, SYS TEC electronic GmbH offers no galstee nor accepts any
liability for damages arising from the improper gsaor improper installation of
the hardware or software. SYS TEC electronic Gmintther reserves the right to
alter the layout and/or design of the hardware euthprior notification and
accepts no liability for doing so.

© Copyright 2010 SYS TEC electronic GmbH. rightsncluding those of

translation, reprint, broadcast, photomechanical sonilar reproduction and

storage or processing in computer systems, in whiole part — are reserved. No
reproduction may occur without the express writtmmsent from SYS TEC

electronic GmbH.

Contact Direct Your local distributor

Address: SYS TEC electronic GmbH
August-Bebel-Str. 29
D-07973 Greiz

GERMANY

Please find a list of our distributdgrs
underhttp://www.systec-
electronic.com/distributors

Ordering +49 (3661) 6279-0
Information: | info@systec-electronic.com

Technical |+49 (3661) 6279-0
Support: support@systec-electronic.com

Fax: +49 (3661) 62 79 99

Web Site: | http://www.systec-electronic.com

4" Edition February 2010

L-1098e_4 © SYS TEC electronic GmbH 2010






Table of Contents

R U 11 oo 3 ot o o PRSP 1
1.1 Ethernet POWERLINK .......ccoooiiiiiiiiisiimmmmme e 1
1.2 KeY FRALUIES ... .. 2
1.3 Supported object dictionary entries.........coeeeeeeeeeeveiiiinnnnn. 2

2 Application Programming Interface.........ccoooceveninninnennenieniennns 4
2.1 Software StrUCIUre........cooeiiiiii i, 4

2.1.1 Directory StrUCLUIe ........coeeieeeeieeeeeevimmmmme e e e e 5
2.1.2 Module StruCture.........cccceeeviiiiiiiiiis e 6
2.1.3 Headerfiles .....cccccoviiiiiiiiiiiii e 7
2.1.4 Target dependant modules ...................commmmeevvvvnnens 1
2.2 CommonN data tyPeS ....iieeeeieeeeeeiiece et eeeemme e 8
2.2.1 EPINEITIME ouveiei et 8
2.2.2 TEPIKErNEl ... 8
2.2.3 TEPIMSOTYPE ..cciiieeeeiieie et 15
2.3 FUNCHONS ..cooiiiiiiiiiiice et 16
2.3.1 EPL APl LAYEr cccceviiiiiiiiiiiiieieeeieeeeeeeeeeeeeeeeeeeeeee e 16
2.3.1.1 Event callback function tEplApiCbEvent...... 16
2.3.1.1. 1tEplApIEVENtTYpe .....ccoevvvverriinn. 17
2.3.1.1. 2tEpIApPIEVENtArg ....ovvveeeeeeeeeeeeii 18
2.3.1.1.3tEplEventNmtStateChange.............. 19
2.3.1. 1. HEPIEVENIEITOr ...t 25
2.3.1.1.5tEplSdoComFinished...................... 28
2.3.1.1.6tEplObdCbParam..............cccceeeen.. 29
2.3.1.1. 7tEplApiEventNode................cccoeeee. 31
2.3.1.1.8tEplApIEventBOOt ..........ceeeeeeennne. 33
2.3.1.1.9tEplApiEventLed............ccoevvvvnnnnnnn. 34
2.3.1.1.10 tEplCfmEventCnProgress.......... 35
2.3.1.1.11 tEplApiEventCfmResult............. 36
2.3.1.1.12 tEpINmtNodeCommand............. 37
2.3.1.2 Sync callback function tEplApiCbSync......... 38
2.3.1.3 Function EplApilnitialize()...........cccceeeeeeeeee 39
2.3.1.4 Function EplApiShutDown()..........cccccnn.... 3.4
2.3.1.5 Function EplApiExecNmtCommand() .......... 43
2.3.1.6 Function EplApiMnTriggerStateChange() .... 44
2.3.1.7 Function EplApiReadObject() ...........ccun.... 5.4
2.3.1.8 Function EplApiWriteObject() .........cccuuv.... 74
2.3.1.9 Function EplApiFreeSdoChannel() ............... 49
2.3.1.10 Function EplApiReadLocalObject() .............. 49
2.3.1.11 Function EplApiWriteLocalObject() ............. 50
2.3.1.12 Function EplApiLinkObject().........ccceeu..... 51
2.3.1.13 Function EplApiProcess().......cccccccvvuenrenn 52

L-1098e_4 © SYS TEC electronic GmbH 2010



openPOWERLINK: Ethernet POWERLINK Protocol Stack

2.3.1.14 Function EplApiProcessimageSetup()........... 52
2.3.1.15 Function EplApiProcessimageExchangein(). 54
2.3.1.16 Function EplApiProcessimageExchangeOut()

.................................................................. 55
2.3.2 EdrvmMOAUIE .......eiiiiiiiiiii e 56
2.3.2.1 Callback Function tEdrvRxHandler()............ 56
2.3.2.2 Callback Function tEdrvTxHandler()............ 57
2.3.2.3 Function EArvInit() ........cccoeeeeeeeeeereeens e 58
2.3.2.4 Function EdrvShutdown() .............cceeene.. 59
2.3.2.5 Function EdrvChangeFilter().................... 59
2.3.2.6 Function EdrvDefineRxMacAddrEntry()...... 61
2.3.2.7 Function EdrvUndefineRxMacAddrEntry().. 62
2.3.2.8 Function EdrvAllocTxMsgBuffer()............... 62
2.3.2.9 Function EdrvReleaseTxMsgBuffer()........... 63
2.3.2.10 Function EdrvUpdateTxMsgBuffer()............ 63
2.3.2.11 Function EdrvSendTXMSg() .......cveeveeeeennnn. 4.6
2.3.2.12 Function EdrvTxMsgReady() ..........ccceevvvrnnnns 64
2.3.2.13 Function EdrvTxMsgStart()..............unnn.. 65
N © 101 = o: fl I Tox £ 0] g = V2SS 66
3.1 FUNAmMENLAIS ......coeeieiicceee et e 66
3.2 Structure of an OD, Standardized Profiles..........cccccoeeeeeen. 66
3.2.1 Communication Profile..........ccccuuuviiiii, 67
3.2.2 Device Profiles.........cviiiiiiiiii s eeeeeee e 67
3.3 Object Dictionary STrUCLUIE ..........coeeeiesommmmreveeiinneeeeeeeeeeennnns 67
3.4 Object Dictionary Definition...........ccoovviimmmeeiiiiiiiiieee e, 69
3.5 EXAMPIC. . 76
4 Configuration and SCaliNg .......ccccccerieereenenieenieeie e 78
4.1 General configuration of the EPL stack.......um.oiieeeeeieennnn. 78
4.2 Ethernet driVer.......ooooooiiiiiii i 79
4.3 DLL MOAUIE ....coiiiiiiiiiiieie e 80
4.4 OBD MOUUIE ....uutiiiiiiiiiiiiiiiiiiiiiieieee st ee e e e eeeeeeeeeeees 81
4.5 SDO MOUUIES .....uuiiiiii e e e eeeeees 82
4.6 TIMer MOAUIE ... 82
4.7 Configuration Manager module.............oooveeeeemeiiiiiinieeeennnn, 83
4.8 EPL API LAYEI ...iiiiiiiiiiiiiiiiiieieiiiieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 83
€015 | YOS 84
S = = 1[0TSR 86

© SYS TEC electronic GmbH 2010 L-1098e 4



Table of Contents

L-1098e_4 © SYS TEC electronic GmbH 2010






Index of Figures and Tables

Figure 1:
Figure 2:

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Table 10:
Table 11:
Table 12:
Table 13:
Table 14:
Table 15:
Table 16:
Table 17:
Table 18:
Table 19:
Table 20:
Table 21:
Table 22:
Table 23:
Table 24:
Table 25:
Table 26:

Software structure

Object Dictionary Structure

DIreCtory StrUCLUIE........uvuiei e eeeeeeeeemmme e
Module structure

Members of structure tEpINetTime..........cccevvvviiiiiieeennee.

Constants of enumerated type tEplKernel.... o eeeeeennnn..

Constants of enumerated type tEpIMsgType ....cc............
Constants for enumerated type tEplApiEventType...........
Members of union tEplApiEventArg
Members of structure tEplEventNmtStateChange............

Constants for enumerated type tEpINmtState
Constants for enumerated type tEpINmtEvent. .........

Members of structure tEpIEventError.........cccceevvveivivinnnnnn.

Constants for enumerated type tEplEventSource............
Members of structure tEplEventObdError ... eeeeeennn..
Members of structure tEplSdoComFinished.....................
Constants for enumerated type tEplISdoComConState....
Constants for enumerated type tEplSdoAccessType.......
Members of structure tEplObdCbParam........ccooceeunnnenen.
Constants for enumerated type tEplObdEvent.................
Members of structure tEplApiEventNode........ccccccvvvvnnnnn.
Constants for enumerated type tEpINmtNodeEvent........
Constants for EPL error Code.........coovviiccceeveeieiiiieeeeee
Members of structure tEplApiEventBooOt........ccccccuvvvnnnnnnn..
Constants for enumerated type tEpINmtBootEvent........
Members of structure tEplApiEventLed .........ccceevviinnnnnnnn.

Constants for enumerated type tEplLedType...ccceeeeeennnn...
Members of structure tEpICfmEventCnProgress ...ou.....

L-1098e_4 © SYS TEC electronic GmbH 2010



openPOWERLINK: Ethernet POWERLINK Protocol Stack

Table 27:
Table 28:
Table 29:
Table 30:
Table 31:
Table 32:
Table 33:
Table 34:
Table 35:
Table 36:
Table 37:
Table 38:
Table 39:
Table 40:
Table 41:

Members of structure tEplApiEventCfmResult................. 36
Constants for enumerated type tEpINmtNodeCommand. 38
Parameters of the structure tEplApilnitParam .................. 43
Constants for enumerated type tEplSdoType................... 47
Structure of static process image in OD ............cceevvvevnnnnn 54
Members of structure tEplApiProcessimage..................... 55
Members of structure tEdrvRxBuffer...........ceeeeevvvvvvviennnen. 56
Constants of enumerated type tEdrvBufferinFrame......... 57
Members of structure tEdrvTxBuffer ............coummevevvveernnnnn. 58
Members of structure tEdrvinitParam ..........cceeeevvevevvenneee. 59
Members of structure tEdrvFilter...........cccoeeeeeeeeiiiiiiieen. 61
Available data types (enumerated type tEplObdType)..... 73

Access rights of ODJeCtS .........vviiiiii e, 74
Automatically assigned access rights........ccccceeeeeeevvvvvennnn. 75
Available data types and their C counterparts .............. 75

© SYS TEC electronic GmbH 2010 L-1098e 4



Introduction

1 Introduction

1.1 Ethernet POWERLINK

Ethernet POWERLINK is a Real-Time Ethernet fieldmystem. It is
based on the Fast Ethernet Standard IEEE 802.3.

A managing node (MN), which acts as the mastehnénBEPL network,
polls the controlled nodes (CN) cyclically. Thiopess takes place in
the isochronous phase of the EPL cycle. Immediatdter the
isochronous phase an asynchronous phase for corationi follows
which is not time-critical, e.g. TCP/IP communicat The
isochronous phase starts with the Start of CycAeme on which all
nodes are synchronized. This schedule design acoitisions which
are usually present on Standard Ethernet, and enthue determinism
of the hard real-time communication. It is implengshin the EPL
data link layer. The EPL network can be connectadgateways to
non real-time networks.

The communication profile of Ethernet POWERLINKadapted from
CANopen. Thus, design principles such as processalgect (PDO)
for the exchange of process variables and senate object (SDO)
for the configuration of remote object dictionariase reused. All
PDOs are exchanged within the isochronous phasdlasito the
synchronous PDOs of CANopen. This is because ewvggered
PDOs would interfere with hard real-time requireitsen

To be conforming to IEEE 802.3, each POWERLINK devhas a
uniqgue MAC address. Additionally, each device isigised a logical
node ID. Mostly, this node ID can be configured nae switches on
the device. If a particular EPL device implementSGP/IP stack, it
gets a private IP address from class C within thetwark
192.168.100.0 where the host part equals the EEe HD.

It is assumed that you are familiar with the Etle¢rROWERLINK
Communication Profile Specification [1].

L-1098e_4 © SYS TEC electronic GmbH 2010 1
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1.2 Key Features

- Implements Communication profile EPSG DS 1.1.0 [1]

- Data link layer and NMT state machine for Contrdlland
Managing Nodes

- Configuration Manager for configuration of CNs anh+time

- SDO via UDP and POWERLINK ASnd frames

- Dynamic PDO mapping

- User-configurable object dictionary

- Supports the POWERLINK cycle features async-only &
multiplexed CN

- Implemented in plain ANSI C

- Modular software structure for simple portability different
target platforms

- Supports target platforms with and without opegasgstem

- Event-driven Communication Abstraction Layer

- Provides Generic API for user-application

1.3 Supported object dictionary entries

The EPL stack currently supports the following camication
objects of the OD. That means that the EPL staek tl®ese objects or
provides the functionality for these objects, he tapplication may
support additional objects.

Object 1000h: NMT_DeviceType_U32

Object 1001h: ERR_ErrorRegister_U8

Object 1003h: ERR_History ADOM

Object 1006h: NMT_CycleLen_U32

Object 1008h: NMT_ManufactDevName VS
Object 1009h: NMT_ManufactHwVers VS
Object 100Ah: NMT_ManufactSwVers_VS
Object 1018h: NMT _IdentityObject REC
Object 1030h: NMT _InterfaceGroup_Xh_REC

2 © SYS TEC electronic GmbH 2010 L-1098e_4
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Object 1COO0h:
Object 1C02h:
Object 1CO7h:
Object 1C08h:
Object 1C09h:
Object 1COBh:
Object 1COFh:
Object 1C14h:
Object 1F22h:
Object 1F26h:
Object 1F27h:
Object 1F80h:
Object 1F81h:
Object 1F82h:
Object 1F83h:
Object 1F84h:

Object 1F89h:

Object 1F8Ah:
Object 1F8Bh:
Object 1F8Ch:
Object 1F8Dh:
Object 1F8Eh:
Object 1F8Fh:

Object 1F92h:
Object 1F93h:
Object 1F98h:
Object 1F99h:

Object 1F9Ah:
Object 1F9Eh:
Object 1F9Fh:

DLL_MNCRCError_REC
DLL_MNCycTimeExceed REC
DLL_MNCNLossPResCumCnt_AU32
DLL_MNCNLossPResThrCnt_AU32
DLL_MNCNLossPResThreshold_AU32
DLL_CNLossSoC_REC
DLL_CNCRCError_REC

DLL LossOfFrameTolerance U32
CFM_ConciseDcfList. ADOM
CFM_ExpConfDateList_ AU32
CFM_ExpConfTimeList_AU32
NMT_StartUp_U32
NMT_NodeAssignment_AU32
NMT_FeatureFlags U32
NMT_EPLVersion_U8
NMT_MNDeviceTypeldList AU32
NMT_BootTime_REC
NMT_MNCycleTiming_ REC
NMT_MNPRegPayloadLimitList AU16
NMT_CurrNMTState U8
NMT_PResPayloadLimitList AU16
NMT_MNNodeCurrState AU8
NMT_MNNodeExpState AU8
NMT_MNCNPResTimeout AU32
NMT_EPLNodelD REC
NMT_CycleTiming_REC
NMT_CNBasicEthernetTimeout_U32
NMT_HostName VS
NMT_ResetCmd_US8
NMT_RequestCmd_REC

L-1098e_4 © SYS TEC electronic GmbH 2010
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2 Application Programming I nterface

2.1 Software Structure

Application
R
Object | | Service Data i
Dictionary Object |
A \ i
\ Y
Y UDP | | TCP
Status /
Error LED IP

\ 2 2
Communication Abstraction Layer

Ethernet Controller

Figurel:  Software structure
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Application Programming Interface

The EPL stack is divided into two parts: low-prica@éd processes
above the Communication Abstraction Layer (abbrLéalled EPL
user part and high-prioritized processes below@ié¢ called EPL
kernel part. Processes which have to be processexkery EPL cycle
have high priority, e.g. Data Link Layer (abbr. DI.PDO processing
and core NMT state machine. All other processe® haw priority,
e.g. SDO. It is possible to swap out the high-ptimed processes on a
separate CPU (e.g. on a SMP machine) to ensureretletime
requirements.

Some modules are divided, i.e. EPL kernel modules/eh
correspondents in the EPL user part that only wrthe
communication with the EPL kernel part.

2.1.1 Directory Structure

The source code of the EPL stack is divided in isg\@rectories.

Directory Description

Edrv Ethernet driver implementations

EplStack EPL protocol stack core components

Example Example and test projects

Include Generic header files

Include/kernel Header files for EPL kernel part

Include/user Header files for EPL user part

ObjDicts Sample Object dictionaries

SharedBuff Shared buffer implementation for CAL &raine queues

Target/ARCH/OS/C | Target dependant files for architee ARCH, operating
system OS and compiler C

Table 1: Directory structure

L-1098e_4 © SYS TEC electronic GmbH 2010 5
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2.1.2 Module Structure

CFile Description

amiarm.c AMI implementation for ARM architectures.
amibe.c AMI implementation for big endian architeess.
amix86.c AMI implementation for X86 architecture.
Edrv*.c Target specific Ethernet driver.

EplApiGeneric.c

Generic implementation of EPL ARlyer.

EplApiLinuxKernel.c

Linux kernel module wrapper BPL API Layer.

EplApiLinuxUser.c

Linux userspace wrapper of EPLIARyer.

EplApiProcessimage.c

Functions for static procesge.

EplIDllk.c

DLL module in EPL kernel part.

EplIDIllkCal.c CAL of DLL module in EPL kernel part.

EpIDlluCal.c CAL of DLL module in EPL user partgefor
reception and transmission of EPL ASnd frames.

EplErrorHandlerk.c Error handler in EPL kernel pértnanages the erro
counters in OD.

EplEventk.c Event module in EPL kernel part.

EplEventu.c Event module in EPL user part.

Eplidentu.c Ident module in EPL user part. It issloeentRequest
frames and handles IdentResponse frames.

EplLedu.c LED module in EPL user part, which hasdtee
status and error LED according to [1].

EpINmtk.c Common NMT module in EPL kernel partmianage:
the NMT state machine.

EpINmtu.c Wrapper for common NMT module in EPL ugart.

EpINmtCnu.c CN NMT module in EPL user part.

EpINmtMnu.c MN NMT module in EPL user part.

EplObd.c OBD module.

EplPdou.c PDO module in EPL user part.

EplPdouCal.c CAL of PDO module in EPL user part.

EplPdok.c PDO module in EPL kernel part.

EplPdokCal.c CAL of PDO module in EPL kernel part.

EplSdoAsndu.c

SDO ASnd protocol layer in EPL uset.p

EplSdoAsySequ.c

SDO sequence layer in EPL user part

EplSdoComu.c

SDO command layer in EPL user part.

EplSdoUdpu.c

\"ZJ

SDO UDP protocol layer in EPL uset.par

© SYS TEC electronic GmbH 2010 L-1098e_.
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CFile Description

EplStatusu.c Status module in EPL user part. ligss
StatusRequest frames and handles StatusResponse
frames.

EplTimeruLinuxKernel.c | Timer module implementatifam Linux kernel
modules in EPL user part.

EplTimeruNull.c Timer module implementation witharty
functionality. Only useful for testing purposes.

EplTimeruGeneric.c Timer module implementation PLEISer part for
MS Windows and targets without any operating
system.

SocketLinxuKernel.c BSD Socket API for Linux kermabdules.

VirtualEthernetLinux.c Virtual Ethernet driver ingshentation for Linux.

Table 2: Module structure

2.1.3 Header files

The EPL stack consists of several header files. tBatapplication
only needs to include&pl.h. This header file itself includes all
necessary module header files includidm@Cfg.h andglobal.h.

2.1.4 Target dependant modules

The EPL stack was designed to minimize and encafssthe target-
dependant parts. This minimizes and simplifies poeting to new
platforms, i.e. hardware or operating systems.

The following modules need to be adapted:
- Ethernet Driver (Edrv*.c)
- Virtual Ethernet Driver (VirtualEthernet*.c)
- Timer modules (EpITimeru*.c, EplTimerHighResk*.c)
- Communication Abstraction Layer
- parts of EPL API Layer (EplApi*.c)

L-1098e_4 © SYS TEC electronic GmbH 2010 7
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2.2 Common data types

2.2.1 tEpINetTime

A frequently used data structure in the EPL stactEplINetTime. It
represents a timestamp conformant to the dataNNpETIME of the
EPL specification.

t ypedef struct

DWORD m_dwSec;
DWORD m_dwNanoSec;

} t Epl Net Ti ne;

Member Description

m_dwSec Seconds.

m_dwNanoSec Nanoseconds (Range 0 <= bits 0..30; bit31
represents the sign bit)

Table 3: Members of structure tEpINetTime

2.2.2 tEplKernd

The enumerated type tEplKernel represents thenatesrror codes.
Those are defined in the header file EplErrDef.h.

t ypedef enum

{
kEpl Successf ul = 0x0000,
KEpl I nval i dOper ati on = 0x0005,
KEpl I nval i dNodel d = 0x0007,
kKEpl NoResour ce = 0x0008,
kEpl Shut down = 0x00009,
KEpl Rej ect = 0x000A,
KEpl EdrvI ni t Error = 0x0013,
KEpl Edr vNoFr eeBuf Ent ry = 0x0014,
KEpl Edr vBuf Not Exi sti ng = 0x0015,
KEpl Edr vl nval i dPar am = 0x001C,
KEpl DI 1111 egal HdI = 0x0022,
KEpl DI | CbAsyncRegi st er ed = 0x0023,
KEpl D | AsyncTxBuf f er Enpty = 0x0025,

8 © SYS TEC electronic GmbH 2010 L-1098e_4



Application Programming Interface

KEpl DI | AsyncTxBuf f er Ful | = 0x0026,
kEpl DI | NoNodel nf o = 0x0027,
KEpl DI | I nval i dPar am = 0x0028,
kEpl D | TxBuf Not Ready = 0x002E,
KEpl DI | TxFranel nval i d = 0x002F,
KEpl Qodl | | egal Part = 0x0030,
KEpl Qbdl ndexNot Exi st = 0x0031,
kEpl CbdSubi ndexNot Exi st = 0x0032,
KEpl ObdReadVi ol ati on = 0x0033,
KEpl GbdWiteViol ation = 0x0034,
KEpl ObdAccessVi ol ati on = 0x0035,
kEpl GodUnknownCbj ect Type = 0x0036,
KEpl QbdVar Ent r yNot Exi st = 0x0037,
kEpl QbdVal ueTooLow = 0x0038,
kEpl ObdVal ueTooHi gh = 0x0039,
kEpl ObdVal ueLengt hErr or = O0x003A,
KEp!l Nnt UnknownCommand = 0x0040,
KEpl Nnt | nval i dFr amePoi nter = 0x0041,
KEpl Nnt | nval i dEvent = 0x0042,
KEpl Nnt I nval i dSt at e = 0x0043,
KEpl Nnt | nval i dPar am = 0x0044,
kEpl SdoUdpM ssCb = 0x0050,
kKEpl SdoUdpNoSocket = 0x0051,
kEpl SdoUdpSocket Err or = 0x0052,
kEpl SdoUdpThr eadEr r or = 0x0053,
kEpl SdoUdpNoFr eeHandl| e = 0x0054,
kEpl SdoUdpSendEr r or = 0x0055,
kEpl SdoUdpl nval i dHdI = 0x0056,
kKEpl SdoSeqM ssCb = 0x0060,
kEpl SdoSeqNoFr eeHandl| e = 0x0061,
KEpl SdoSeql nval i dHdI = 0x0062,
kEpl SdoSeqUnsuppor t edPr ot = 0x0063,
KEpl SdoSeqNoFr eeHi st ory = 0x0064,
KEpl SdoSeqFr aneSi zeEr r or = 0x0065,
KEpl SdoSeqRequest AckNeeded = 0x0066,
kKEpl SdoSeql nval i dFr ane = 0x0067,
kKEpl SdoSeqConnect i onBusy = 0x0068,
kEpl SdoSeql nval i dEvent = 0x0069,
kEpl SdoConlnsupport edPr ot = 0x0070,
kEpl SdoConNoFr eeHandl e = 0x0071,
kEpl SdoConl nval i dHandl e = 0x0073,
kEpl SdoConl nval i dSendType = 0x0074,
kEpl SdoConNot Responsi bl e = 0x0075,
kEpl SdoConHandl| eExi st s = 0x0076,
kEpl SdoConHand| eBusy = 0x0077,
kEpl SdoComl nval i dPar am = 0x0078,
KEpl Event UnknownSi nk = 0x0080,
KEpl Event Post Err or = 0x0081,
KEp! Ti mer | nval i dHandl e = 0x0090,
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KEp! Ti mer NoTi ner Cr eat ed = 0x0091,
kEpl SdoAsndl nval i dNodel d = 0x00AO0,
kEpl SdoAsndNoFr eeHandl e = OxO00AL,
kKEpl SdoAsndl nval i dHandl e = 0x00A2,
kEpl PdoNot Exi st = 0x00B0,
kEpl PdoLengt hExceeded = 0x00BL1,
KEpl PdoGranul arityM smatch = 0x00B2,
kEpl Pdol ni t Error = 0x00B3,
kEpl PdoConf Wi | eEnabl ed = 0x00B7,
kEpl PdoEr r or Mapp = 0x008B8,
kEpl PdoVar Not Found = 0x00B9,
kEpl PdoSi zeM smat ch = 0x00BC,
kEpl PdoTooMany TxPdos = 0x00BD,
kEpl Pdol nval i dObj | ndex = OxO0O0BE,
kEpl PdoTooManyPdos = OxO00BF,
KEpl Cf nConf i gErr or = 0x00C0,
kKEp!l Cf nSdocTi neQut Err or = 0x00C1,
KEpl Cf m nval i dDcf = 0x00C2,
KEpl Cf mUnsupport edDcf = 0x00C3,
KEpl Cf nConfi gWthErrors = 0Ox00C4,
KEpl Cf mMNoFr eeConfi g = 0x000Cs5,
kEpl Cf MNoConf i gDat a = 0x000Cs,
KEpl Cf mUnsuppDat at ypeDcf = 0x00C7,
KEpl Api TaskDef err ed = 0x0140,
KEpl Api | nval i dPar am = 0x0142,
} tEpl Kernel;
Constant Description
KEplSuccessful Successful termination of the fuorctNo error
occurred.
kEplinvalidOperation The requested operation isvadid in the
current situation. Maybe it was requested right
before and is still running.
kEplinvalidNodeld Invalid node-ID.
kEpINoResource No resource available, e.g. outerhory or
any other resource from the operating system.
KEplShutdown Shutdown of the entire stack is retpees
KEpIReject Reject the proceeding operation.
KEplEdrvinitError Ethernet driver initialization rer.
KEplEdrvNoFreeBufEntry No free buffer entry in Ethet driver.
KEpIEdrvBufNotEXxisting Specified buffer does noisxn Ethernet
driver.
KEplEdrvinvalidParam Invalid parameter specifiedle/lgalling an
Ethernet driver function.
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Constant

Description

KEpIDlllllegalHdl

DLL: specified handle is not vali

KEpIDIICbAsyncRegistered

DLL: callback function fasynchronous non-
EPL frames was or was not registered before.

KEpIDIIAsyncTxBufferEmpty

DLL: no Tx frame for tramission available.

KEpIDIIAsyncTxBufferFull

DLL: Tx buffer is full.

KEpIDIINoNodelnfo

DLL: no corresponding node infaation
structure found for the specified node-ID.

KEpIDllinvalidParam

DLL: invalid parameters speedion function
call.

KEpIDIITxBufNotReady

DLL: Tx buffer for PReq is not¢ady yet.

KEpIDIITxFramelnvalid

DLL: Tx frame for PReq is ialid or does not
exist.

KEplObdilllegalPart

OBD: illegal OD part referenced.

KEplObdindexNotExist

OBD: specified object indexedmot exist.

KEplObdSubindexNotExist OBD: specified sub indersloot exist.
kEplObdReadViolation OBD: illegal read on a writehpobject
KEplObdWriteViolation OBD: illegal write on a reamfly object
kEplObdAccessViolation OBD: illegal access on ajecb

KEplObdUnknownObjectType

OBD: unknown object type

KEplObdVarEntryNotExist

OBD: object does not contsiarEntry
structure.

kEplObdValueTooLow

OBD: specified object value tow.

KEplObdValueTooHigh

OBD: specified object value togh.

KEplObdValueLengthError

OBD: length of specifiedusadoes not match
the object.

KEpINmtUnknownCommand

NMT: unknown NMT command sped.

KEpINmtinvalidFramePointer

NMT: invalid pointer toe EPL frame
specified.

KEpINmtinvalidEvent

NMT: invalid event passed taavprocess
function.

KEpINmtinvalidState

NMT: invalid NMT state.

KEpINmtinvalidParam

NMT: invalid parameters spezifion function
call.

kEplSdoAsndinvalidNodeld

SDO ASnd layer: invaliddeelD specified.

kEplSdoAsndNoFreeHandle

SDO ASnd layer: no freallgaavailable.
Increase value of define
EPL_SDO_MAX_CONNECTION_ASND.

KEplSdoAsndinvalidHandle

SDO ASnd layer: invalichdie specified.

L-1098e_4 © SYS TEC electronic GmbH 2010
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Constant Description

KEplSdoUdpMissCb SDO/UDP: no pointer to the calkbfamction
specified.

kEplSdoUdpNoSocket SDO/UDP: socket could be created

kEplSdoUdpSocketError SDO/UDP: unspecified errdhwsibcket
handling.

kEplSdoUdpThreadError SDO/UDP: error occurred whbiksating or
terminating thread for UDP processing.

KEplSdoUdpNoFreeHandle SDO/UDP: no free handlelaviai. Increase
value of define
EPL_SDO_MAX_CONNECTION_UDP.

kEplSdoUdpSendError SDO/UDP: error while sendinggiam.

KEplSdoUdplinvalidHdl SDO/UDP: invalid handle speésif.

KEplSdoSegMissChb SDO sequence layer: no pointéretaallback
function specified.

KEplSdoSegNoFreeHandle SDO sequence layer: ninv&edle available.

Increase value of define
EPL_MAX SDO SEQ CON.

kEplSdoSeqinvalidHdl

SDO sequence layer: invaliddia specified.

KEplSdoSeqUnsupportedProt

SDO sequence layer: pogiegd lower layer
protocol specified.

KEplSdoSegNoFreeHistory

SDO sequence layer: ncefnég in history
available (internal error).

KEplSdoSeqgFrameSizeError

SDO sequence layer: Eiranoe is larger thar
value of define
EPL_MAX_SDO_FRAME_SIZE.

kEplSdoSeqgRequestAckNeed

e8DO sequence layer: acknowledge must be
requested from communication partner (inter
error).

nal

kKEplSdoSeqlnvalidFrame

SDO sequence layer: indedithe specified
internally.

kEplSdoSeqgConnectionBusy

SDO sequence layer: cbaneas currently
busy.

KEplSdoSeqinvalidEvent

SDO sequence layer: invalight passed to
event process function.

KEplSdoComUnsupportedProf

SDO command layer: urestggb lower layer
protocol specified.

kEplSdoComNoFreeHandle

SDO command layer: no faeelle available.
Increase value of define
EPL_MAX_SDO_COM_CON.

kEplSdoCominvalidHandle

SDO command layer: invakehdle specified.

12
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Constant Description

KEplSdoCominvalidSendType| SDO command layer: illsgad type specified
internally.

kEplSdoComNotResponsible SDO command layer: cutrantlle is not
responsible (wrong direction or wrong
transaction-ID).

kEplSdoComHandleExists SDO command layer: connedtidthe same
node-ID and with same protocol type exists. The
handle of this connection is returned.

kEplSdoComHandleBusy SDO command layer: connecsidusy.

KEplSdoCominvalidParam SDO command layer: invatichmeters
specified on function call.

KEplEventUnknownSink Event modules: unknown evarit specified.

KEplEventPostError Event modules: error occurredenposting
event.

KEplTimerlnvalidHandle Timer modules: invalid haedipecified.

KEpITimerNoTimerCreated Timer modules: no timer wesated because of
an error.

KEplPdoNotEXxist PDO: the selected PDO does not.exis

kEplPdoLengthExceeded PDO: the length of the PDPping exceeds
the current payload limit.

kEplPdoGranularityMismatch | PDO: the object is mapfmea bit offset or with
a bit length which is not aligned on byte
boundaries.

KEplIPdolnitError PDO: an error occurred during itiéalization
of the PDO module.

KEplPdoConfWhileEnabled PDO: the PDO configurattannot be changed
while the corresponding PDO is enabled.

KEplPdoErrorMapp PDO: the PDO mapping is invalid.

kEplPdoVarNotFound PDO: the referenced objectD&® mapping
does not exist.

KEplPdoSizeMismatch PDO: the bit size of the objeapping is largey
than or unequal to the size of the referenced
object.

kEplPdoTooManyTxPdos PDO: too many TPDOs are définehe OD.
Pure CNs only supports one TPDO.

KEplIPdolnvalidObjindex PDO: the OD callback functio
EplPdouCbObdAccess() is used for an invalig
object index in the OD.

kEplPdoTooManyPdos PDO: too many PDOs are defingld OD.
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Constant

Description

KEpICfmConfigError

Configuration manager: error ¥ehtonfiguring
CN (SDO abort).

KEplICfmSdocTimeOutError

Configuration manager: Stf@eout during the

configuration of CN

kEplCfmMalnvalidDcf

Configuration manager: invalRCF specified.

KEpICfmUnsupportedDcf Configuration manager: cutlgenon-supportec
DCF type specified.
KEplCfmConfigWithErrors Configuration manager: cigiration of CN
finished with minor errors.
KEplCfmNoFreeConfig Configuration manager: no feedry in internal
array. Increase value of define
EPL_CFGMA_MAX_ SDO_CLIENTS.
KEplICfmNoConfigData Configuration manager: no cgafation data

(DCF) for specified CN available.

)

KEpICfmUnsuppDatatypeDcf

Configuration manager:-sapported data typ
in DCF.

KEplApiTaskDeferred

EPL API layer: the requestedragion is
deferred and the event callback function will
called when it finishes.

pe

KEplApilnvalidParam

EPL API layer: invalid paramegpecified on
function call.

Table 4:

Constants of enumerated type tEplKernel

14
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2.2.3 tEpIMsgType

The enumerated type tEpIMsgType represents thefiaate types.

t ypedef enum

KEpl MsgTypeNonEpl
KEpl MsgTypeSoc
KEpl MsgTypePr eq
KEpl MsgTypePr es
KEpl MsgTypeSoa
KEpl MsgTypeAsnd

} tEpl MsgType;

0x00,
0x01,
0x03,
0x04,
0x05,
0x06,

Constant

Description

kEpIMsgTypeNonEp

Non-EPL frame

KEpIMsgTypeSoc

EPL frame SoC (Start of Cyclic)

kEpIMsgTypePreq

EPL frame PReq (Poll Request)

KEpIMsgTypePres

EPL frame PRes (Poll Response)

KEpIMsgTypeSoa

EPL frame SoA (Start of Asynchronous

KEpIMsgTypeAsnd

EPL frame ASnd (Asynchronous Send)

Table 5: Constants of enumerated type tEplMsgType

L-1098e_4 © SYS TEC electronic GmbH 2010
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2.3 Functions

2.3.1 EPL API Layer

The EPL API Layer is the interface for the applicatto the EPL
stack. It initializes and configures the differenbdules of the EPL
stack.

2.3.1.1 Event callback function tEplApiCbEvent

Syntax:

#include <Epl.h>
typedef tEplKernel (PUBLIC ROM* tEplApiCbEvent) (

tEplApiEventType EventType_p,
tEplApiEventArg* pEventArg_p,
void GENERIC* pUserArg_p);

Par ameters:

EventType p event type (see Table 6)

pEventArg_p: Pointer to a union containing addiéilcarguments for

the specified event type (see Table 7). It is naveull
pointer, but the union pointed to does not contain
meaningful information in every case. It depends on
EventType_p (see Table 6).

pUserArg_p: Pointer to a user-definable argument

Return:

KEplSuccessful The function was executed withordrer

KEplApiReject The application wants the EPL stackiéfer the
subsequent task.

KEplShutdown Depending on the target platform,BERé stack will

be shut down or this return code will be ignored an
treated as KEplSuccessful.

Other return codes will abort the current actiosame cases and may
cause critical errors.
Description:

Functions of this type can be used as event c&lhawaction. This
function will be called whenever an event occurscivhmight be
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interesting to the application. Depending on thgda platform this
function may be called simultaneously in differpnbcess contexts.

23.1.1.1 tEplApiEventType

t ypedef enum

KEpl Api Event User Def = 0x00,
KEpl Api Event Nnt St at eChange = 0x10,
KEpl Api EventCritical Error = 0x12,
KEpl Api Event War ni ng = 0x13,
KEpl Api Event Node = 0x20,
kKEpl Api Event Boot = 0x21,
KEpl Api Event Sdo = 0x62,
KEpl Api Event CbdAccess = 0x69,
KEpl Api Event Led = 0x70,
KEpl Api Event Cf nPr ogr ess = 0x71,
KEpl Api Event Cf nResul t = 0x72,

} tEpl Api Event Type;

Constant Description

KEplApiEventUserDef User-defined event. The membepUserArg of

the argument union is valid.

This is issued by the function
EplApiPostUserEvent() and can be used for
synchronization purposes.

KEplApiEventNmtStateChanNMT state change event. The member
ge m_NmtStateChange of the argument union is valid.
If KEplApiReject is returned the subsequent NMT
state will not be entered. In this case the apptina
is in charge of executing the appropriate NMT
commands.

KEplApiEventCriticalError | Critical error. The memb@_InternalError of the
argument union is valid. When this event occurs
the NMT state machine will be switched off with
NMT event KEpINmtEventCriticalError. The

application may restart the NMT state machine
afterwards, but it is unlikely that the EPL stadl w
run stably, because often this critical error @ th
source of it is a configuration error and not arumn
time error.
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Constant

Description

KEplApiEventWarning

Warning. The member m_IntermedE of the
argument union is valid. The warning may be a
run-time error, which should be logged into an
error log for further diagnostics. In any case the
EPL stack proceeds.

KEplApiEventNode

Node event on MN. The member m_é&ofithe
argument union is valid. The state of the specifi
node has changed.

KEplApiEventBoot

Boot event on MN. The member m_Baoiothe
argument union is valid. The MN reached the
specified state in the boot-up process.

KEplApiEventSdo

SDO transfer finished. The membefBao of the
argument union is valid.

KEplApiEventObdAccess

OBD is being accessed. Thalbee
m_EplObdCbParam of the argument union is vz

alid.

KEplApiEventLed

Status and error LED event. The ibenm_Led of
the argument union is valid.
This event allows the application to perfrom the
signalling of the status and error LED according

[1].

KEplApiEventCfmProgress

CFM progress event. The berm_CfmProgres
of the argument union is valid. This event inforn
the application about the progress of the
configuration of a specific CN.

[92)

NS

KEplApiEventCfmResult

CFM result event. The memimeiCfmResult of
the argument union is valid. This event informs
application about the result of the configuratidn

the

a specific CN.

Table 6: Constants for enumerated type tEpl Api EventType

2.3.1.1.2 tEplApiEventArg

t ypedef uni on

{

voi d*

m pUser Ar g;

t Epl Event Nnt St at eChange m Nt St at eChange;

t Epl Event Error

m_ | nternal Error;

t Epl SdoConFi ni shed m _Sdo;

t Epl CbdCbPar am

m_CbdCbPar am

18
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t Epl Api Event Node
t Epl Api Event Boot
t Epl Api Event Led

m _Node;
m _Boot ;
m Led;

t Epl Cf nEvent CnPr ogr ess
t Epl Api Event Cf nResul t

m_Cf nPr ogr ess;
m Cf nResul t ;

} tEpl Api Event Ar g;

Member

Description

m_pUserArg

User-defined argument pointer.

m_NmtStateChange

Event from module NMT (valid on
KEplApiEventNmtStateChange). See Table 8.

m_InternalError

Error from within the EPL stack ljdeon
KEplApiEventCriticalError and KEplApiEventWarning).
See Table 11.

m_Sdo

SDO finished (valid on KEplApiEventSdo). Seble 14.

m_ObdCbParam

Parameters for callback function fioogss to the local
OD (valid on KEplApiEventObdAccess). See Table 17,

m_Node Information about the node event (MN orfBge Table
19.

m_Boot Information about the boot event (MN onfe Table 22.

m_Led Information about changes to the statustberaerror

LED. See Table 24.

m_CfmProgress

Information about the progress ottmdiguration of a
specific CN. See Table 26.

m_CfmResult

Information about the result of thef@pmration of a
specific CN. See Table 27.

Table 7:

Members of union tEpl ApiEventArg

The following structures are member elements of tn@on
tEplApiEventArg, i.e. pEventArg_p.

23113

t ypedef struct

t Epl Nt St at e

t Epl Nmt Event

tEplEventNmtStateChange

m_NewNnt St at e;
m_Nnt Event ;

} t Epl Event Nnt St at eChange;

L-1098e_4 © SYS TEC electronic GmbH 2010
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Member Description

m_NewNmtState New NMT state (see Table 9).

m_NmtEvent NMT event that caused the NMT state ghdeee Table
10).

Table 8: Members of structure tEpl EventNmtSateChange

The NMT states of EPL are represented by the eratewrtype
tEpINmtState. Some states require a special reactrom the
application and/or the EPL stack, but others represnly a state
where certain action may or may not be executed.rianual L-1108
“Introduction into Ethernet POWERLINK Protocol Skdccontains
sample code for this case.

t ypedef enum

KEpl Nnt GsCf f = 0x0000,
KEpl Nnmt Gsl nitialising = 0x0019,
KEpl Nnt GsReset Appl i cation = 0x0029,
KEpl Nnt GsReset Communi cat i on = 0x0039,
KEpl Nnt GsReset Confi gurati on = 0x0079,
KEpl Nmt CsNot Acti ve = 0x011C,
KEpl Nnmt CsPr eQper ati onal 1 = 0x011D,
KEpl Nnt CsSt opped = 0x014D,
KEpl Nnmt CsPr eQper ati onal 2 = 0x015D,
KEpl Nnt CsReadyToOper at e = 0x016D,
KEpl Nnt CsOper at i onal = Ox01FD,
KEpl Nnt CsBasi cEt her net = OxO011E,
KEpl Nmt MsNot Acti ve = 0x021C,
KEpl Nmt MsPr eQper ati onal 1 = 0x021D,
KEpl Nmt MsPr eQper ati onal 2 = 0x025D,
KEpl Nnt MsReadyToOper at e = 0x026D,
KEpl Nnt MsOper at i onal = O0x02FD,
KEpl Nnt MsBasi cEt her net = 0x021E

} tEpl Nt St at e;

Constant Description

KEpINmMtGsOff Generic NMT state NMT_GS_OFF.

KEpINmtGslnitialising Generic NMT state NMT_GS_INALISING.
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Constant

Description

KEpINmtGsResetApplicatio

nGeneric NMT state
NMT_GS_RESET_APPLICATION. The
manufacturer-specific and device profile OD pa
are reset to defaults.

KEpINmtGsResetCommuni
ation

cGeneric NMT state
NMT_GS_RESET_COMMUNICATION. The
communication profile OD part is reset to defau
Additionally, the OD is updated from initializatio
parameters.

=)

KEpINmtGsResetConfigura
on

liGeneric NMT state

NMT_GS_RESET_CONFIGURATION. The
configuration parameters of the DLL module are
updated from OD.

KEpINmtCsNotActive

CN NMT state NMT_CS_NOT_ACTIVE.

KEpINmtCsPreOperationall

CN NMT state
NMT_CS PRE_OPERATIONAL 1.

KEpINmtCsStopped

CN NMT state NMT_CS_STOPPED.

KEpINmtCsPreOperationalZ

CN NMT state
NMT_CS PRE_OPERATIONAL 2.

KEpINmtCsReadyToOperat|

e CN NMT state
NMT_CS READY_TO_OPERATE.

KEpINmtCsOperational CN NMT state NMT_CS_OPERATIONA
kEpINmtCsBasicEthernet CN NMT state NMT_CS_BASICHERNET.
KEpINmtMsNotActive MN NMT state NMT_MS NOT_ACTIVE.

KEpINmtMsPreOperational]

Ll MN NMT state

NMT_MS_PRE_OPERATIONAL_1.

KEpINmtMsPreOperational2

D

MN NMT state
NMT_MS PRE_OPERATIONAL 2.

KEpINmtMsReadyToOperat

&V IN NMT state
NMT_MS_ READY_TO_OPERATE.

KEpINmtMsOperational

MN NMT state NMT_MS_OPERATIONA

KEpINmtMsBasicEthernet

MN NMT state NMT_MS_BASIC_BEERNET.

Table 9:

Constants for enumerated type tEpINmtState

The enumerated type tEpINmtEvent represents all Ndé&nts and
commands which alter the NMT state. Only a fewlwdn may be

actually  used

by

the application for the functi
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EplApiExecNmtCommand(). However, in the event cadlo function
the NMT events tell you why the NMT state has clehg

typedef enum

kEpl Nmt Event NoEvent = 0x00,
KEpl Nnt Event DI | MePr esTi nmeout = 0x02,
KEpl Nnt Event DI | MeSocTri g = 0x05,
KEpl Nnt Event DI | MeSoaTri g = 0x06,
KEpl Nnt Event DI | CeSoc = 0x07,
KEpl Nnt Event DI | CePr eq = 0x08,
KEpl Nnt Event DI | CePr es = 0x09,
KEpl Nnt Event DI | CeSoa = OxO0A,
KEpl Nnt Event DI | CeAsnd = 0xO0B,
KEpl Nnt Event DI | CeFr aneTi meout = 0x0C,
KEpl Nnmt Event SwReset = 0x10,
KEpl Nnmt Event Reset Node = 0x11,
KEpl Nnt Event Reset Com = 0x12,
KEpl Nnt Event Reset Confi g = 0x13,
KEpl Nnt Event Ent er PreQper at i onal 2= 0x14,
KEpl Nnt Event Enabl eReadyToOper at e= 0x15,
KEpl Nnt Event St ar t Node = 0x16,
KEpl Nnt Event St opNode = 0x17,
KEpl Nnt Event Ent er Reset App = 0x20,
KEpl Nnmt Event Ent er Reset Com = 0x21,
KEpl Nnt Event | nt er nConEr r or = 0x22,
KEpl Nnt Event Ent er Reset Confi g = 0x23,
kEpl Nnt Event Ent er CsNot Act i ve = 0x24,
KEpl Nnt Event Ent er CsNot Act i ve = 0x25,
KEpl Nnt Event Ti mer Basi cEt hernet = 0x26,
KEpl Nnt Event Ti mer MsPreQpl = 0x27,
kEpl Nnmt Event Nnt Cycl eError = 0x28,
KEpl Nnt Event Ti mer MsPr eQp2 = 0x29,
KEpl Nnt Event Al | Mandat or yCNI dent = Ox2A,
KEpl Nnt Event Ent er ReadyToQperate = 0x2B,
KEpl Nnt Event Ent er MsQper ati onal = 0x2C,
KEpl Nnt Event Swi t chOF f = 0x2D,
KEpl Nmt Event Critical Error = Ox2E,

} t Epl Nnt Event;

Constant Description

KEpINmtEventNoEvent No event occurred, which isyuanlikely ©.

KEpINmtEventDIIMePresTi | DLL MN: PRes timed out

meout

KEpINmtEventDIIMeSocTrigDLL MN: SoC triggered
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Constant

Description

KEpINmtEventDIIMeSoaTrig

yDLL MN: SoA triggered

KEpINmtEventDIICeSoc

DLL CN: SoC received

kEpINmtEventDIICePreq

DLL CN: PReq received

KEpINmtEventDIICePres

DLL CN: PRes received

KEpINmtEventDIICeSoa

DLL CN: SoA received

kEpINmtEventDIICeAsnd

DLL CN: ASnd received

KEpINmtEventDIICeFrameT,
meout

IDLL CN: arbitrary EPL frame timed out

KEpINmtEventSwReset

External NMT command: softwaset, i.e. enter
NMT_GS_INITIALISING. The application may
iIssue this command. It must trigger this externa
NMT command after calling EplApilnitialize() to
start the NMT state machine.

KEpINmtEventResetNode

External NMT command: repptieation, i.e.
enter NMT_GS_RESET_APPLICATION. The
application may trigger this command if necess:

KEpINmtEventResetCom

enter NMT_GS _RESET_COMMUNICATION.
The application may issue this command if
necessary.

KEpINmtEventResetConfig

External NMT command: resetfiguration, i.e.
enter NMT_GS_RESET_CONFIGURATION. Tk
application may issue this command if necessa

KEpINmtEventEnterPreOpe
ational2

rExternal NMT command: enter

NMT_CS PRE_OPERATIONAL_ 2. This
command may be issued only by the MN in the
network.

External NMT command: resatroanication, i.el

ary.

ne

KEpINmtEventEnableReady
ToOperate

External NMT command: enter
NMT_CS_READY_TO_OPERATE if applicatior
approved it. This command may only be issued
the MN in the network.

N
by

KEpINmtEventStartNode

External NMT command: enter
NMT_CS_OPERATIONAL. This command may
only be issued by the MN in the network.

KEpINmtEventStopNode External NMT command: enter
NMT_CS_STOPPED. This command may only|be
issued by the MN in the network.
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Constant

Description

KEpINmtEventEnterResetA
p

pinternal NMT command: reset application, i.e.
enter NMT_GS_RESET_APPLICATION. If the
application returns KEplApiReject in the event
callback function when changing to the NMT sta
KEpINmtGslinitialising, it must manually trigger
this internal NMT command.

ite

KEpINmtEventEnterResetC
m

dnternal NMT command: reset communication, i
enter NMT_GS_RESET_COMMUNICATION. If
the application returns KEplApiReject in the eve
callback function when changing to the NMT sta
KEpINmtGsResetApplication, it must manually
trigger this internal NMT command.

..

e

or

KEpINmtEventinternComErf

enter NMT_GS_RESET_COMMUNICATION.
The EPL stack issues this event if an internal
communication error occurred which may be cu
by reset communication.

Internal NMT command: reset communication, i.

e.

red

KEpINmtEventEnterResetC
nfig

dnternal NMT command: reset configuration, i.e
enter NMT_GS_RESET_CONFIGURATION. If
the application returns KEplApiReject in the eve
callback function when changing to the NMT sta
KEpINmtGsResetCommunication, it must manu
trigger this internal NMT command.

nt
ite
ally

KEpINmtEventEnterCsNotA
ctive

Internal NMT command: enter NMT state not
active, i.e. NMT_CS _NOT_ACTIVE. If the
application returns KEplApiReject in the event
callback function when changing to the NMT sta
KEpINmtGsResetConfiguration and it wants to &
as CN, it must manually trigger this internal NM
command.

te
\Ct
T

KEpINmtEventEnterMsNotA
ctive

Internal NMT command: enter NMT state not
active, i.,e. NMT_MS_NOT_ACTIVE. If the
application returns kEplApiReject in the event
callback function when changing to the NMT sta
KEpINmtGsResetConfiguration and it wants to &
as MN, it must manually trigger this internal NM
command.

e
\Ct
T

KEpINmtEventTimerBasicE
hernet

[ Internal timer event to enter NMT state basic
ethernet, i.e. either

NMT_CS BASIC_ETHERNET or
NMT_MS_BASIC_ETHERNET depending on

previous state.
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Constant

Description

KEpINmtEventTimerMsPre(
pl

Dinternal timer event to enter NMT state
NMT_MS PRE_OPERATIONAL 1.

KEpINmtEventNmtCycleErr
or

Internal NMT command: enter

NMT_CS PRE_OPERATIONAL 1. The error
handler issues this event if it detects an EPLecy
error.

)

KEpINmtEventTimerMsPre(
p2

Dinternal timer event to enter NMT state
NMT_MS PRE_OPERATIONAL 2.

KEpINmtEventAllMandatory
CNIident

Internal NMT command: enter
NMT_MS PRE_OPERATIONAL 2 when all
mandatory CNs are identified.

KEpINmtEventEnterReadyT
Operate

donternal NMT command: enter either
NMT_CS_READY_TO_OPERATE if MN
approved it or
NMT_MS_READY_TO_OPERATE if MN is
active. If the application returns KEplApiReject i
the event callback function when changing to th
NMT state KEpINmtCsPreOperational2, it must
manually trigger this internal NMT command.

-

KEpINmtEventMsOperation
I

dnternal NMT command: enter

NMT_MS_OPERATIONAL.

KEpINmtEventSwitchOff

Internal NMT command: enteMM_GS_OFF.
The application must issue this command befor
calling EplApiShutdown() to stop the NMT state
machine.

KEpINmtEventCriticalError

Internal NMT command: enNMT_GS_OFF.
The EPL stack issues this event if an internalrer
occurred which is unlikely to be cured by reset.

Table10:  Constants for enu

23114

merated type tEpl NmtEvent

tEplEventError

The structure tEplEventError describes an erromewand where it

comes from.

t ypedef struct

t Epl Event Sour ce m Event Sour ce;

t Epl Ker nel

m _Epl Error;
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uni on
{
BYTE m bAr g;
DWORD m_dwAr g;
t Epl Event Sour ce m_Event Sour ce;
t Epl Event CobdErr or m_ObdErr or;
} mArg;

} tEpl EventError;

Member Description

m_EventSource Source module of the error, whichrdehes the valid
member of the union m_Arg (see Table 12).

m_EplError Internal EPL stack error code (see Tdhle

m_Arg.m_bArg BYTE argument

m_Arg.m_dwArg DWORD argument
m_Arg.m_EventSour Originating source module (valid on
ce KEplEventSourceEventk and kEplEventSourceEventu).
See Table 12.

m_Arg.m_ObdError | Failing entry of OD (valid on kigyentSourceObdk and
KEplEventSourceObdu). See Table 13.

Table11:  Members of structure tEplEventError

t ypedef enum

{
KEpl Event Sour ceDl | k = 0x01,
KEpl Event Sour ceNnt k = 0x02,
KEpl Event Sour ceCbdk = 0x03,
kEpl Event Sour cePdok = 0x04,
KEpl Event Sour ceTi mer k = 0x05,
KEpl Event Sour ceEvent k = 0x06,
KEpl Event Sour ceSyncCb = 0x07,
KEpl Event Sour ceErr k = 0x08,
KEpl Event Sour ceDl | u = 0x10,
KEpl Event Sour ceNnt u = 0Ox11,
KEpl Event Sour ceNnt Cnu = 0x12,
KEpl Event Sour ceNnt Vvhu = 0x13,
KEpl Event Sour ceCbdu = 0x14,
kEpl Event Sour ceSdoUdp = 0x15,
KEpl Event Sour ceSdoAsnd = 0x16,
kEpl Event Sour ceSdoAsy Seq = 0x17,
kKEpl Event Sour ceSdoCom = 0x18,
kEpl Event Sour ceTi meru = 0x19,
KEpl Event Sour ceCf ghvau = Ox1A,
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KEpl Event Sour ceEvent u = 0x1B,

KEpl Event Sour ceEpl Api = 0x1C
} tEpl Event Sour ce;
Constant Description
KEplEventSourceDIlk DLL module in EPL kernel part
KEplEventSourceNmtk NMT module in EPL kernel part
KEplEventSourceObdk OBD module in EPL kernel part
KEplEventSourcePdok PDO module in EPL kernel part
KEplEventSourceTimerk Timer module in EPL kernet pa
KEplEventSourceEventk Event module in EPL kernel pa
KkEplEventSourceSyncChb Sync callback function
KEplEventSourceErrk Error handler module in EPLnieépart
kEplEventSourceDllu DLL module in EPL user part
KEplEventSourceNmtu NMT module in EPL user part

KEplEventSourceNmtCnu NMT CN module in EPL uset par
KEplEventSourceNmtMnu NMT MN module in EPL usertpar
KEplEventSourceObdu OBD module in EPL user part
KEplEventSourceSdoUdp SDO UDP protocol layer
KEplEventSourceSdoAsnd SDO ASnd protocol layer
KEplEventSourceSdoAsySe&DO sequence layer
kEplEventSourceSdoCom SDO command layer

KEplEventSourceTimeru Timer module in EPL user part
kEplEventSourceCfgMau Configuration Manager modunlEPL user part
KEplEventSourceEventu Event module in EPL user part
KEplEventSourceEplApi EPL API Layer

Table12:  Constants for enumerated type tEpl EventSource

t ypedef struct

unsi gned i nt m_ui | ndex;
unsi gned i nt m_ui Subl ndex;

} tEpl Event CbdError;

Member Description
m_uilndex Object dictionary index.
m_uiSublndex Object dictionary sub index.
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Table13:  Members of structure tEplEventObdError

2.3.1.15 tEplSdoComFinished

The structure tEplSdoComFinished contains the métion of the
finished SDO transfer started byEplApiReadObject() or
EplApiWriteObject().

t ypedef struct

{
t Epl SdoContConHdlI m_SdoContConHdl ;
t Epl SdoConConSt ate m SdoConConSt at e;
DWORD m_dwAbor t Code;
t Epl SdoAccessType m _SdoAccessType;
unsi gned i nt m_ui Nodel d;
unsi gned i nt m_ui Tar get | ndex;
unsi gned i nt m_ui Tar get Subl ndex;
unsi gned i nt m ui Tr ansf er r edByt e;
voi d* m_pUser Ar g;

} t Epl SdoConti ni shed;

Member Description
m_SdoComConHdl | SDO command layer connection hgsdke section
2.3.1.6).

tEplISdoComConStatéState of the transfer (see Table 15).

m_dwAbortCode SDO abort code.

m_SdoAccessType | Type of SDO access (see Table 16).

m_uiNodeld Target node-ID.

m_uiTargetindex OD index which was accessed.

m_uiTargetSubindeX¥ OD sub index which was accessed.
m_uiTransferredByte Number of bytes transferred.

m_pUserArg Pointer to a user-definable argumerd ¢getion 2.3.1.6).

Table14:  Members of structure tEpl SdoComFinished

t ypedef enum

kEpl SdoConir ansf er Not Acti ve = 0x00,
KEpl SdoConilr ansf er Runni ng = 0x01,
kEpl SdoConilr ansf er TxAbort ed = 0x02,
KEpl SdoConilr ansf er RxAbort ed = 0x03,
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0x04,
0x05

KEpl SdoConilr ansf er Fi ni shed
kEpl SdoConir ansf er Lower Layer Abor t

} t Epl SdoContConSt at e;

Constant Description

kEplSdoComTransferNotActive| SDO transfer is nohactNot applicable in
structure tEplSdoComFinished.
kEplSdoComTransferRunning SDO transfer is stillning. Not applicable ir
structure tEplSdoComFinished.
kEplSdoComTransferTxAborted SDO transmission aloffiée abort code
m_dwAbortCode contains more details.
kEplSdoComTransferRxAborted SDO reception abofiée. abort code
m_dwAbortCode contains more details.
kEplSdoComTransferFinished SDO transfer finishextessfully.
kEplSdoComTransferLowerLayeSDO transfer aborted by a lower layer, e.g. the
rAbort SDO sequence layer.

Table15:  Constants for enumerated type tEpl SHoComConState

t ypedef enum

KEpl SdoAccessTypeRead
KEpl SdoAccessTypeWite

0x00,
0x01

} tEpl SdoAccessType;

Constant Description
KEplSdoAccessTypeRead SDO read access.

KEplSdoAccessTypeWrite SDO write access.

Table16:  Constants for enumerated type tEpl SdoAccessType

2.3.1.1.6 tEplObdCbParam

The structure tEplObdCbParam contains the infolonatif the local
OD access that is being made.

t ypedef struct
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{
t Epl CbdEvent m _ObdEvent ;
unsi gned i nt m_ui | ndex;
unsi gned i nt m_ui Subl ndex;
voi d* m _pAr g;
DWORD m_dwAbor t Code;

} t Epl CbdCbPar am

Member Description

m_ObdEvent Object access event (see Table 18).

m_uilndex Object index.

m_uiSublndex Object sub index.

m_pArg Pointer to the argument which type depemdaazess
event.

m_dwAbortCode SDO abort code

Table17:  Members of structure tEplObdCbParam

t ypedef enum

{

kEpl ObdEvCheckExi st

KEpl GbdEVvPr eRead
kEpl ObdEvPost Read
KEpl GbdEVW St ri ng

KEpl OodEvinitWite

KEpl GbdEvPreWite

KEpl ObdEvPost Wite

} tEpl GbdEvent;

0x06,
0x00,
0x01,
0x07,
0x04,
0x02,
0x03,

Domai n

Constant Description

KEplObdEvCheckEXxist Checking if object exists (mrgA= NULL).

KEplObdEvPreRead Before reading the object. m_jpdigts to the
source data buffer in OD.

KEplObdEvPostRead After reading the object. m_p#omts to the
destination data buffer from the caller.

KEplObdEVWTrStringDomain Changing string/domain data pointer or size.
m_pArg points to the structure
tEplObdVStringDomain, which may be altered hy
the application.

KEplObdEvInitWrite Initializing writing an objectn_pArg points to
value of type tEplObdSize, which represents the
number of bytes that will be written (may be
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Constant Description
altered by application).

KEplObdEVPreWrite Before writing an object. m_pAugnts to the
source data buffer from the caller.

KEplObdEvPostWrite After writing an object. m_pApgints to the
destination data buffer in OD.

Table18:  Constants for enumerated type tEpl ObdEvent

2.3.1.1.7 tEplApiEventNode

The following types are valid on MN only.

The structure tEplApiEventNode contains the infaiora about a
single CN in the boot-up process of the MN.

t ypedef struct

unsi gned i nt m_ui Nodel d;

t Epl Nt St at e m_Nnt St at e;

t Epl Nt NodeEvent m _NodeEvent ;
WORD m WEr r or Code;
BOOL m_f Mandat ory;

} t Epl Api Event Node;

Member Description

m_uiNodeld Node-ID of the affected CN.

m_NmtState Current NMT state of the CN (see Tahle 9

m_NodeEvent Specific event of the CN (see Table 20)

m_wErrorCode EPL error code if m_NodeEvent equals
KEpINmtNodeEventError (see Table 21).

m_fMandatory TRUE if CN was configured as mandatoripcal OD
index 0x1F81 (NMT_NodeAssignment_AU32), otherwise
it is an optional CN.

Table19:  Members of structure tEpl Api EventNode

typedef enum

0x00,
0x01,

kEpl Nnt NodeEvent Found
KEpl Nmt NodeEvent Updat eSw
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KEpl Nnt NodeEvent CheckConf
kEpl Nnt NodeEvent Updat eConf
KEpl Nnt NodeEvent Ver i f yConf
kEpl Nnt NodeEvent ReadyToSt ar t
KEpl Nmt NodeEvent Nnt St at e
kEpl Nnt NodeEvent Err or

} t Epl Nmt NodeEvent ;

0x02,
0x03,
0x04,
0x05,
0x06,
0x07,

Constant

Description

kEpINmtNodeEventFound

CN answered to IdentRequéktam
IdentResponse frame.

KEpINmtNodeEventUpdate
w

SApplication shall update the software on the CN
(currently not implemented).

KEpINmtNodeEventCheck(
onf

Application or rather the Configuration Manager
shall check and update configuration on CN. If t
application returns KEplReject, the MN suspend
the boot-up process for this CN until the
application triggers the state change (see sectig
2.3.1.6). Otherwise the MN continues the CN b
up process automatically with the next state.

n
DOt-

KEpINmtNodeEventUpdate
onf

CApplication or rather the Configuration Manager
shall update configuration on CN (check was dg
by NmtMn module, currently not implemented).

ne

kEpINmtNodeEventVerifyC
onf

Application or rather the Configuration Manager
shall verify configuration of CN (currently not
implemented).

KEpINmtNodeEventReadyT
Start

dssued if EPL_NMTST_NO_STARTNODE set
(currently not implemented). Application must ¢
EpINmtMnuSendNmtCommand(KEpINmtCmdS
tNode) manually.

Al
tar

KEpINmtNodeEventNmtSta
e

INMT state of CN has changed.

KEpINmtNodeEventError Error occurred with CN (seewirrorCode for
details).
Table20:  Constants for enumerated type tEplNmtNodeEvent

Constant Value |Description

EPL_E NO_ERROR | 0x000Q0 No error actually occurred.

EPL_E DLL_INVALI [0x8241 | Format of received frame is invalid. Isshgd
D_FORMAT DLL.
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Constant Value |Description
EPL E DLL LOSS R0x8243 | The threshold for loss of PRes frames was
RES_TH reached according to objects 0x1C09

DLL_MNCNLossPResThreshold AU32 and
0x1C08 DLL_MNCNLossPResThrCnt_AU3
EPL_E NMT_BPO1_|0x8422 | The specified CN has the wrong device type
DEVICE_TYPE according to object 0x1F84
NMT_MNDeviceTypeldList_ AU32.
EPL_E NMT_BPO1_|0x8428 | Verification of configuration of the speefi
CF_VERIFY CN failed in boot-up process.

EPL_E NMT_BPO2 | 0x8430 Mandatory CN failed in baeips2.

EPL_E NMT_WRON|0x8480 | The specified CN has the wrong NMT state.
G_STATE

™o

Table21: Constantsfor EPL error code

2.3.1.1.8 tEplApiEventBoot

The following types are only valid for the MN.

The structure tEplApiEventBoot contains the infotima about an
event concerning the entire boot-up process oMNe

t ypedef struct

t Epl Nnt St at e m_Nnt St at e;
t Epl Nt Boot Event m _Boot Event ;
WORD m_WEr r or Code;

} t Epl Api Event Boot ;

Member Description

m_NmtState Current local NMT state (see Table 9).

m_BootEvent Specific event of the boot-up procese (Table 23).

m_wErrorCode EPL error code if m_BootEvent equals
KEpINmtBootEventError (see Table 21).

Table22:  Members of structure tEpl Api EventBoot

t ypedef enum

{
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kEpl Nnt Boot Event Boot St eplFi ni sh = 0x00,

kEpl Nnt Boot Event Boot St ep2Fi ni sh = 0x01,

kEpl Nnmt Boot Event CheckConFi ni sh = 0x02,

KEpl Nnt Boot Event Oper at i onal = 0x03,

KEpl Nnt Boot Event Err or = 0x04,
} t Epl Nmt Boot Event ;
Constant Description
KEpINmtBootEventBootStepBoot step 1 has finished, NMT state
1Finish NMT_MS_PRE_OPERATIONALZ2 can be

entered. If the application returns KEplRejecis it
in charge of triggering this state change, othexwis
it is done automatically.

kEpINmtBootEventBootStepBoot step 2 has finished, NMT state

2Finish NMT_MS_READY_TO_OPERATE can be
entered. If the application returns kEplRejects it
in charge of triggering this state change, othexwis
it is done automatically.

KEpINmtBootEventCheckCopStep "Check communication” has finished, CNs
mFinish can be started. If the application returns
KEplIReject, it is in charge of triggering this stat
change, otherwise it is done automatically.
kEpINmtBootEventOperatig All mandatory CNs entered

nal NMT_CS_OPERATIONAL, NMT state
NMT_MS_OPERATIONAL can be entered. If the
application returns kEplReject, it is in charge of
triggering this state change, otherwise it is done
automatically.

KEpINmtBootEventError Boot-up process was haltechlise of an error.

Table23:  Constants for enumerated type tEplNmtBootEvent

2.3.1.1.9 tEpIApiEventL ed

The structure tEplApiEventLed contains change evémt the status
or error LED. It allows the application to change tstatus and error
LED on the device according to the specification [1

t ypedef struct

t Epl LedType m LedType;

34 © SYS TEC electronic GmbH 2010 L-1098e 4



Application Programming Interface

BOOL m f On;

} tEpl Api Event Led;

Member Description
m_LedType Type of the LED (e.g. Status or Error).
m_fOn State of the LED (e.g. on or off).

Table24:  Members of structure tEpl ApiEventLed

typedef enum

KEpl LedTypeSt at us = 0x00,
KEpl LedTypeErr or = 0x01,
} tEpl LedType;
Constant Description
KEplLedTypeStatus State of the status LED shath@nged.
kEplLedTypeError State of the error LED shall bamed.

Table25:  Constants for enumerated type tEplLedType

2.3.1.1.10 tEpICfmEventCnProgress

The structure tEplCfmEventCnProgress describeCiRe progress
event (see Table)6This includes the normal progress but also errors
which occurred during the configuration process.

This type is only valid for the MN.

t ypedef struct

{
unsi gned i nt m_ui Nodel d;
unsi gned i nt m_ui Qoj ect | ndex;
unsi gned i nt m_ui Qbj ect Subl ndex;
DWORD m_dwSdoAbor t Code;
t Epl Ker nel m _Epl Error;
DWORD m_dwTot al Nunber O Byt es;
DWORD m_dwByt esDownl oaded,;
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} tEpl Cf nEvent CnPr ogr ess;

Member Description

m_uiNodeld Node-ID of the corresponding CN.
m_uiObjectindex Object index which has been transte
m_uiObjectSubindex Object sub-index which has lisersferred.
m_dwSdoAbortCodg SDO abort code. The value 0 mimtisro SDO error
occurred.

m_EplError Internal stack error code. KEplSuccdssieans that no
error occurred. See Table 4.

m_dwTotalNumberQ Total number of bytes, which must be transferreth&o
fBytes CN.

m_dwBytesDownloa| Number of bytes, which have been downloaded.
ded

Table26:  Members of structure tEpl CfmEventCnProgress

2.3.1.1.11 tEplApiEventCfmResult

The structure tEplApiEventCfmResult describes th&Gesult event
(see Table b This includes the normal progress but also emdnigh
occurred during the configuration process.

This type is only valid for the MN.

t ypedef struct

unsi gned i nt m_ui Nodel d;
t Epl Nmt NodeCommand m NodeConmand;

} tEpl Api Event Cf nResul t;

Member Description
m_uiNodeld Node-ID of the corresponding CN.

m_NodeCommand Node command which will be issugtgdCN as result gf
the configuration process. Only constants stamtiitly
KEpINmtNodeCommandConf are valid. See Table 28.

Table27:  Members of structure tEpl Api EventCfmResult
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2.3.1.1.12 tEpINmtNodeCommand

The tEpINmtNodeCommand describes commands thabeassued

to a node in the POWERLINK network. This type isedisas
parameter in the function EplApiMnTriggerStateCharjgee section
2.3.1.6). Furthermore it is used in the structure
tEplApiEventCfmResult (see Table 27).

This type is only valid for the MN.

t ypedef enum

KEpl Nmt NodeConmandBoot = 0x01,

kEp!| Nmt NodeCommand SwCk = 0x02,

KEpl Nnt NodeConmmandSwUpdat ed = 0x03,

kEpl Nnmt NodeConmmandConf Ok = 0x04,

kEpl Nmt NodeConmandConf Rest ored = 0x05,

kEpl Nnmt NodeConmandConf Reset = 0x06,

kEpl Nmt NodeConmandConf Er r = 0x07,

kEpl Nnt NodeConmmandSt ar t = 0x08,
} t Epl Nt NodeConmand;
Constant Description
kEpINmtNodeCommandBopf EPL_NODEASSIGN_START_CN is not set far
t the CN, it must be issued on event

KEpINmtNodeEventFound (see Table 20).

KEpINmtNodeCommandSw An update of the software of the CN is not
Ok necessary, so the boot-up process can be continued
(currently not implemented).
KEpINmtNodeCommandSw The application or rather the Configuration
Updated Manager updated the software of the CN
successfully (currently not implemented).

KEpINmtNodeCommandCoprAn update of the configuration of the CN is not
fOk necessary, so the boot-up process can be contipued.
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Constant

Description

fRestored

KEpINmtNodeCommandCorirhe Configuration Manager has restored the

original CN configuration. The MN will send the
NMT command ResetNode to the CN to comple
the restore process. Afterwards, the new
configuration can be downloaded.

pte

fReset

KEpINmtNodeCommandCojirhe Configuration Manager has updated the

configuration of the CN successfully. The MN w
send the NMT command reset configuration to t
CN to activate the new configuration of the CN
restart the identification process.

fErr

kEpINmtNodeCommandCornThe Configuration Manager failed on updating

configuration on the CN.

t

KEpINmtNodeCommandStailf EPL_NMTST_NO_STARTNODE is set, it mu

be issued on event
KEpINmtNodeEventReadyToStart (currently not
implemented). See Table 20.

il
he
and

Table28: Constants for enumerated type tEplNmtNodeCommand

2.3.1.2 Sync callback function tEplApiCbSync

Syntax:
#include <Epl.h>

typedef tEplKernel (PUBLIC* tEpISyncCb) (void);

Parameters:
none

Return:
KEplSuccessful

KEpIReject

Description:

The function was executed withordreand the

transmit PDOs shall be marked valid, i.e. the flag
READY shall be set.

The function was executed without erpoit, the

transmit PDOs shall not be marked valid, i.e. thg f
READY shall not be set.

Functions of this type can be used as sync calllfacktion. This
function will be called in NMT states PREOPERATION2or above

38
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whenever the sync event occurs. On the MN this henwthe SoC
frame is sent and on the CN when the SoC frameasived or the
reception is anticipated.

This function is the only place where the procesgables may be
accessed safely, i.e. without interfering with tABO processing.
Normally, the application reads the sensors ansl thet actuators in
this function synchronously with all other nodeshe network.

The application shall return from this functionfast as possible.

Note:

The sync callback function is not called by thereat EPL API Layer
in Linux userspace.

2.3.1.3 Function EplApilnitialize()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApilnitialize(tEplApilnitParafmplnitParam_p);

Parameters:

plnitParam_p: Pointer to the initialization strueti{see Table 29).

Return:

KEplSuccessful The function was executed withorgrer

KEplApilnvalidParam The function was called witlvalid parameters, e.g.
no event callback function was specified.

KEpINoResource The function or a called functiorswat able to

create a system-dependant resource like a shared
memory buffer.

The function may pass return codes from EPL stao#uies.

Description:
The function initializes an EPL stack instance.
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The elements of the parameter structure tEplAgtmiam are
supposed to be specified in platform byte order.éxample the most
significant bits of m_dwlpAddress specify the netkpart of the IP
address, which shall be 0xCOA86400 (192.168.10adaprding to
the standard.

t ypedef struct

unsi gned i nt m ui Si zeOf St ruct ;

BOOL m f AsyncOnl y;

unsi gned i nt m_ui Nodel d;

BYTE m abMacAddr ess| 6] ;

DWORD m_dwFeat ur eFl ags;

DWORD m _dwCycl eLen;

unsi gned i nt m ui | sochr TxMaxPayl oad;
unsi gned i nt m ui | sochr RxMaxPayl oad;
DWORD m_dwPr esMaxLat ency;

unsi gned i nt m_ui PreqAct Payl oadLi m t;
unsi gned i nt m ui PresAct Payl oadLi m t;
DWORD m_dwAsndMaxLat ency;

unsi gned i nt m ui Mul ti pl Cycl eCnt;

unsi gned i nt m_ui AsyncM u;

unsi gned i nt m ui Prescal er;

DWORD m dwLossOf Fr aneTol er ance;
DWORD m_dwW\ai t SocPr eq;

DWORD m_dwAsyncSl ot Ti meout ;
DWORD m _dwDevi ceType;

DWORD m_dwVendor | d;

DWORD m_dwPr oduct Code;

DWORD m_dwRevi si onNunber ;

DWORD m _dwSer i al Nunber ;

QAORD m_gwVendor Speci fi cExt 1;
DWORD m dwVer i f yConfi gurati onDat e;
DWORD m dwVeri f yConfi gurati onTi ne;
DWORD m_dwAppl i cat i onSwDat e;
DWORD m_dwAppl i cat i onSwTi ne;
DWORD m _dw pAddr ess;

DWORD m_dwSubnet Mask;

DWORD m_dwDef aul t Gat eway;

BYTE m_sHost nane[ 32] ;

BYTE m_abVendor Speci fi cExt 2[ 48] ;
char * m_pszDevNane;

char* m_pszHwWer si on;

char* m_pszSw\er si on;

t Epl Api CbEvent m _pf nCbEvent ;

voi d* m _pEvent User Ar g;

t Epl SyncCb m_pf nCbSync;
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} tEpl Apil nitPar

am

Parameter

Description

m_uiSizeOfStruct

Size of this structure. This v used in future to
recognize new parameters.

m_fAsyncOnly

TRUE means the node does not takeipdine
isochronous phase. It communicates only asynchginol
Reception of PDOs is possible, but no transmissfon
PDOs.

m_uiNodelD

Local node ID. (0x01 — OXFE)

m_abMacAddress

Local MAC address

m_dwFeatureFlags

Feature flags in local OD inded-82
(NMT _FeatureFlags_U32)

m_dwCycleLen

Cycle length in [us] in local OD index1006
(NMT_CycleLen_U32)

m_uilsochrTxMaxPa

Maximum isochronous transmit payload in local OBear

yload 0x1F98/1 (IsochrTxMaxPayload U16)
m_uilsochrRxMaxPda Maximum isochronous receive payload in local ODeixd
yload 0x1F98/2 (IsochrRxMaxPayload _U16)

m_dwPresMaxLaten
y

dvlaximum PRes latency in local OD index 0x1F98/6
(ASndMaxLatency U32)

m_uiPregActPayloagd
Limit

m_uiPresActPayload
Limit

m_dwAsndMaxLater
cy

Maximum ASnd latency in local OD index 0x1F98/3
(PResMaxLatency _U32)

m_uiMultiplCycleCnt

Multiplexed cycle count in local OD index Ox1F98/7
(MultiplCycleCnt_U8)

m_uiAsyncMtu

Asynchronous MTU in local OD index 5a8/8
(AsyncMTU_U16)

m_uiPrescaler

Prescaler in local OD index Ox1F@Bf@scaler_U16)

m_dwLossOfFrameT
olerance

Loss of frame tolerance in [ns] in local OD indexlC14
(DLL_LossOfFrameTolerance _U32)

m_dwWaitSocPreq

Delay between SoC and first PR@asin(MN only)
stored in local OD index Ox1F8A/1
(NMT_MNCycleTiming_ REC.WaitSoCPReq_U32)

m_dwAsyncSlotTime
out

Timeout of the asynchronous slot in [ns] (MN ordyored
in local OD index Ox1F8A/2

(NMT_MNCycleTiming_REC.AsyncSlotTimeout_U32)
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Parameter

Description

m_dwDeviceType

Device profile in local OD index @0D/0
(NMT_DeviceType U32)

m_dwVendorld

Vendor ID in local OD index 0x1018/1
(NMT _IdentityObject REC.Vendorld_U32)

m_dwProductCode

Product code in local OD index 0819
(NMT _IdentityObject_ REC.ProductCode_U32)

m_dwRevisionNumb
er

Revision number in local OD index 0x1018/3
(NMT_IdentityObject_ REC.RevisionNo_U32)

m_dwSerialNumber

Serial number in local OD indet1@k8/4
(NMT _IdentityObject REC.SerialNo_U32)

m_qgwVendorSpecifig
Extl

N
b

Vendor specific extensions 1 in IdentResponse

m_dwVerifyConfigur
ationDate

CFM_VerifyConfiguration_REC.ConfDate_U32

m_dwVerifyConfigur
ationTime

CFM_VerifyConfiguration_REC.ConfTime_U32

m_dwApplicationSw
Date

Application software date

m_dwApplicationSw
Time

Application software time

m_dwIpAddress

IP address of local node

m_dwSubnetMask

Subnet mask of local node

m_dwDefaultGatewsg
y

Default gateway of local node

m_sHostname

DNS host name of local node (maximugtte 32
characters, allowed characters: 0-9, A-Z, a-z, -)

m_abVendorSpecific
Ext2

Vendor specific extension 2 for IdentResponse

m_pszDevName

Pointer to the string with device namecal OD index
0x1008/0. It shall be no longer than
EPL_MAX_ODSTRING_SIZE including the terminating
null character.

m_pszHwVersion

Pointer to the string with hardwaegesion in local OD
index 0x1009/0. It shall be no longer than
EPL_MAX_ ODSTRING_SIZE including the terminating
null character.

m_pszSwVersion

Pointer to the string with softwagesion in local OD
index 0x100A/O0. It shall be no longer than
EPL_MAX_ODSTRING_SIZE including the terminating
null character.
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Parameter Description
m_pfnCbEvent Pointer to the application’s evenlbzadk function (see
section 2.3.1.1).

m_pEventUserArg Pointer to a user-definable argurokthe event callback
function.

m_pfnCbSync Pointer to the application’s sync @albfunction (see
section 0).

Table29:  Parameters of the structure tEpl ApilnitParam

2.3.1.4 Function EplApiShutDown()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiShutdown(void);

Parameters:
none

Return:
KEplSuccessful The function was executed withorgrer

Description:

The function deletes this instance of EPL stackutiag the Ethernet
driver. It is the responsibility of the applicaticmswitch off the NMT
state machine before calling this function by exeguthe NMT

command KEpINmtEventSwitchOff and waiting for NMTveat

KEpINMtGsOff.

2.3.1.5 Function EplApiExecNmtCommand()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiExecNmtCommand(tEpINmtEvéxintEvent_p);
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Parameters:

NmtEvent_p: NMT command which shall be executed {Eable
10).

Return:

KEplSuccessful The function was executed withorgrer

Description:

The function executes a NMT command, i.e. post NeT
command/event to the Nmtk module. NMT commands kviaie not
appropriate in the current NMT state are silerglyared. Please keep
in mind that the NMT state may change until the Nkbimmand is
actually executed.

2.3.1.6 Function EplApiMnTrigger StateChange()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiMnTriggerStateChange(

unsigned int uiNodeld_p,
tEpINmtNodeCommand NodeCommand_p);
Parameters:
uiNodeld _p Node-ID of the CN.
NodeCommand_p: Node command which shall be exedatete
specified CN (see ).
Return:
KEplSuccessful The function was executed withordrer
Description:

The function triggers a state change of the CN {opoprocess for the
specified node. It is only available on the MN. §hinction has to be
called by the application to resume the CN bootpupcess if it

suspended this process on event kEplApiEventNode Table 19)
with the return code kEplIReject.
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2.3.1.7 Function EplApiReadObject()

Syntax:
#include <Epl.h>

tEplKernel PUBLIC EplApiReadObject(

tEplISdoComConHdI* pSdoComConHdI_p,

unsigned int uiNodeld_p,

unsigned int uilndex_p,

unsigned int uiSubindex_p,

void* pDstData_le p,

unsigned int* puiSize p,

tEplSdoType SdoType_p,

void* pUserArg_p);
Parameters:

pSdoComConHdIl_p

uiNodeld_p:
uilndex_p:
uiSubindex_p:
pDstData _le_p:
puiSize_p:

SdocType_p:

pUserArg_p:

Return:

KEplSuccessful
KEplApiTaskDeferred

KEplApilnvalidParam

pointer to the SDO command layenection handle
(may be NULL on local OD access)

node ID (0 = local node)

index of object in OD

sub-index of object in OD

pointer to the data in little endagte order

pointer to the size of data, in casleadl OD access
the size actual read is returned.

type of SDO transfer (see Table 30k parameter
does not have any affect on local OD access.

pointer to the user-definable argument

The function was executed withordrer

Task was deferred. The appbeaits informed via the
event callback function, when the task has finished

The function was called withiamalid parameters.

KEplSdoCominvalidParam The function was called witralid SDO parameters

KEplinvalidNodeld

like uilndex_p == 0 etc.
Invalid node ID was specified.

kEplSdoComHandleBusy A SDO transfer to this nodaiisently running.

KEplSdoComNoFreeHandle

All SDO command layer cotioedandles

are occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it later again. Another solution is to define m&@0O
command layer connection handles at compile time.
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KEplSdoSegNoFreeHandle All SDO sequence layerexdion handles are
occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it later again. Another solution is to define m&@O
sequence layer connection handles at compile time.

kEplSdoUdpNoFreeHandle All SDO UDP protocol conimechandles are
occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it later again. Another solution is to define m&@0
UDP protocol connection handles at compile time.

KEplSdoAsndNoFreeHandle All SDO ASnd protocol cection handles
are occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it later again. Another solution is to define m&eO
ASnd protocol connection handles at compile time.

KEplSdoSeqUnsupportedProt Unsupported SDO typefsuec

Description:

The function reads the specified entry from the @fDhe specified
node. If this node is a remote node, it perforn&De transfer. This
means the function returns KEplApiTaskDeferred Hredapplication
is informed via the event callback function where thask is
completed. If the target node is the local noddjrectly accesses the
local OD and returns the data in little endian luytger.

The event type KEplApiEventSdo signals the compietf this task.

In the current implementation of the EPL stack amiyg SDO transfer
Is possible to an arbitrary node via a specifiaqeol at any time. In
future, the EPL stack may support more than one Sb@mand

layer connection via the same sequence layer. Baitdestination
node also needs to support more than one SDO codieger

connection via the same sequence layer.

The SDO command layer connection handle will beatec
automatically. The application is in charge of irgeunneeded SDO
command layer connection handles via EplApiFree $doGel().

The SDO types KEplSdoTypeAuto and KEplSdoTypePdaarrently
not supported.
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t ypedef enum

{
KEpl SdoTypeAuto = 0x00,
KEpl SdoTypeUdp = 0x01,
kEpl SdoTypeAsnd = 0x02,
KEpl SdoTypePdo = 0x03
} tEpl SdoType;
Constant Description
KEplSdoTypeAuto SDO transfer type is automaticdéyected by

executing a NMT ldentRequest for the destinatipn
node and reading the supported SDO type from the
IdentResponse (currently not implemented)

KEpISdoTypeUdp use SDO via UDP
KEplSdoTypeAsnd use SDO via ASnd frames
KEplSdoTypePdo use SDO via PDO

Table30: Constants for enumerated type tEpl SdoType

2.3.1.8 Function EplApiWriteObject()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiWriteObject(

tEplISdoComConHdI* pSdoComConHdI_p,
unsigned int uiNodeld_p,
unsigned int uilndex_p,
unsigned int uiSubindex_p,
void* pSrcData le p,
unsigned int uiSize_p,
tEplSdoType SdoType_p,
void* pUserArg_p);
Parameters:
pSdoComConHdIl_p pointer to the SDO command layenection handle
(may be NULL on local OD access)
uiNodeld_p: node ID (0 = local node)
uilndex_p: index of object in OD
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uiSubindex_p: sub-index of object in OD

pSrcData_le_p: pointer to the data in little endigte order

uiSize_p: size of data

SdocType_p: type of SDO transfer (see Table 30% parameter
does not have any affect on local OD access.

pUserArg_p: pointer to the user-definable argument

Return:

KEplSuccessful The function was executed withordrer

KEplApiTaskDeferred Task was deferred. The appbeais informed via the
event callback function, when the task has finished

KEplApilnvalidParam The function was called witlvalid parameters.

KEplSdoCominvalidParam The function was called witralid SDO parameters
like uilndex_p == 0 etc.
KEplinvalidNodeld Invalid node ID was specified.
kEplSdoComHandleBusy A SDO transfer to this nodaiisently running.
KEplSdoComNoFreeHandle All SDO command layer cotioedandles
are occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it again later. Another solution is to define m&@O
command layer connection handles at compile time.
kEplSdoSegNoFreeHandle All SDO sequence layerexdion handles are
occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it again later. Another solution is to define m&@0O
sequence layer connection handles at compile time.
KEplSdoUdpNoFreeHandle All SDO UDP protocol conimechandles are
occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it again later. Another solution is to define m&@0O
UDP protocol connection handles at compile time.
KEplSdoAsndNoFreeHandle All SDO ASnd protocol cection handles
are occupied. The application can call
EplApiFreeSdoChannel() for other nodes and / or try
it again later. Another solution is to define m&@0O
ASnd protocol connection handles at compile time.
KEplSdoSeqUnsupportedProt Unsupported SDO typefiakbc

Description:

The function writes the specified entry to the ODtlee specified
node. If this node is a remote node, it perforn&De transfer. This
means the function returns KEplApiTaskDeferred Hredapplication

48 © SYS TEC electronic GmbH 2010 L-1098e 4



Application Programming Interface

is informed via the event callback function where thask is
completed.

For further details see EplApiReadObiject().

2.3.1.9 Function EplApiFreeSdoChannel()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiFreeSdoChannel(

tEplISdoComConHdI SdoComConHdl_p);

Parameters:

SdoComConHdIl_p SDO command layer connection haadigh is not
valid anymore after this call.

Return:

KEplSuccessful The function was executed withorgrer

KEplSdoCominvalidHandle Invalid SDO command layemrection handle was
specified.

Description:

The function releases the specified SDO commaner lagnnection
handle. This function must be called when the SD@nael to a
remote node is not needed anymore. This may be oiotiee event
callback function when the last SDO transfer toemate node
performed via EplApiReadObject() or EplApiWriteOt§@ has
completed.

2.3.1.10 Function EplApiReadL ocalObject()

Syntax:
#include <Epl.h>
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tEplKernel PUBLIC EplApiReadLocalObject(

unsigned int uilndex_p,
unsigned int uiSubindex_p,
void* pDstData_p,
unsigned int* puiSize_p);
Parameters:
uilndex_p: index of object in OD
uiSubindex_p: sub-index of object in OD
pDstData _p: pointer to the data in platform byteeor
puiSize_p: pointer to the size of data buffer,
the size of the data which was actually read is
returned.
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function reads the specified entry from thel@aD.

2.3.1.11 Function EplApiWriteL ocal Object()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiWriteLocalObject(

unsigned int uilndex_p,
unsigned int uiSubindex_p,
void* pSrcData_p,
unsigned int uiSize_p);

Par ameters:

uilndex_p: index of object in OD

uiSubindex_p: sub-index of object in OD

pSrcData_p: pointer to the data in platform byteor

uiSize_p: size of data

Return:

KEplSuccessful The function was executed withorgrer
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Description:
The function writes the specified entry to the 1d0®.

2.3.1.12 Function EplApiLinkObject()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiLinkObject(

unsigned int uiObjindex_p,
void* pVar_p,
unsigned int* puiVarEntries_p,
tEplObdSize* pEntrySize p,
unsigned int uiFirstSubindex_p );
Parameters:
uiObjindex_p: Function defines variables for thigext
pVar_p: Pointer to the data memory area for theiSpd
object
puiVarEntries_p: Pointer to the number of entreebe defined.
pEntrySize p: Pointer to the size of one entrit. équals 0, the entry

size is read from the OD. After return of the fuoet
the variable contains the count of bytes used from

pVar_p.
uiFirstSubindex_p: This is the first subindex torbapped.
Return:
KEplSuccessful The function was executed withordrer

KEplObdindexNotExist ~ The specified object index sloet exist in OD.

KEplObdSubindexNotExist The specified sub indexsdoet exist in object index.

KEplObdVarEntryNotExist The object does not conearEntry structure. The
object was not properly configuredatpjdict.h.

Description:

The function maps an application variable to amyeont the object
dictionary. By passing a pointer to an array, npldtisub-indices are
defined, i.e. mapped, by one function call.

This function may be used to link process variabtethe OD so that
they can be mapped to PDOs.
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In the current implementation this function is agtilable in the EPL
API Layer in Linux userspace, because of the difieaddress spaces
of application and EPL stack.

2.3.1.13 Function EplApiProcess()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiProcess(void);

Parameters:
none

Return:
KEplSuccessful The function was executed withorgrer

Description:

The function is currently only available in the ERPI Layer in
Linux userspace (file EplApiLinuxUser.c). It asssgtine CPU time to
the EPL stack to process events. It waits for evérdm the EPL
stack and calls the event callback function. Itudtide executed in a
separate thread. If the event callback functionrret tEplShutdown
or the process receives a POSIX signal, the funcgturns.

2.3.1.14 Function EplApiProcessl mageSetup()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiProcessimageSetup(void);

Parameters:
none
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Return:

KEplSuccessful The function was executed withordrer
The function returns the error codes fr&mp ApiL inkObject().
Description:

The function sets up the static input and outpotcess image with
the respective size configured lplCfg.h and links the images as
multiple process variables to the OD. The imagesliaked multiple
times but with different types as overlay to the.Qbe application is

in charge of using the sub indices of the differ@ject indices in the
right way.

The static process image provides an easy way c¢bagge a larger
number of process variables between two addressesdike from
Linux kernel to userspace and vice versa. Currently
EplApiProcessl mageSetup() uses just one object index for each data
type and direction, so the size is limited to 2y&hbn each direction.
EplApiProcesslmageSetup() can be easily enhanced to handle a
larger process image.

If the application and the stack reside in the saddress space, it is
highly recommended to u&plApiLinkObject().

Note:

The different process variables are accessed tfopia byte order.
Thus, on big endian machines mapping two adjacéEIGNEDS

values to a PDO is not the same as mapping the saltheess as
UNSIGNED16.

The following objects may be mapped to PDOs:

Object | Data Type Direct- | Number of Sub indices
index ion
0x2000| UNSIGNEDS8 | input | EPL_API_PROCESS IMAGE_SIZE IN
0x2001| INTEGERS8 input | EPL_API_PROCESS_IMAGE_SIZE_IN
0x2010| UNSIGNED16| input | EPL_API_ PROCESS IMAGE_SIZE IN/ 2
0x2011|INTEGER16 | input | EPL_API_PROCESS IMAGE_SIZE IN/ 2
0x2020| UNSIGNED32| input | EPL_API_ PROCESS IMAGE_SIZE IN/ 4
0x2021| INTEGER32 | input | EPL_API_PROCESS IMAGE_SIZE IN /4
0x2030| UNSIGNEDS8 | output| EPL_API_ PROCESS_IMAGE_SIZE OUT
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Object | Data Type Direct- | Number of Sub indices
index ion

0x2031|INTEGER8 | output| EPL_API_PROCESS IMAGE_SIZE_OUT
0x2040| UNSIGNED16| output| EPL_API_PROCESS_IMAGE_SIZE_OUX|/
0x2041|INTEGER16 | output| EPL_API_PROCESS_IMAGE_SIZE_OUT|/ 2
0x2050| UNSIGNED32| output| EPL_API_PROCESS_IMAGE_SIZE_OUx/
0x2051|INTEGER32 | output| EPL_API_PROCESS IMAGE_SIZE_OUT|/ 4

Table31:  Sructure of static processimage in OD

2.3.1.15 Function EplApiProcessl mageExchangel n()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiProcessimageExchangeln(

tEplApiProcessimage* pPl_p);
Parameters:
pPl_p: Pointer to the process image structure Tabée 32).
Return:
KEplSuccessful The function was executed withordrer
Description:

The function replaces the passed input processeimattp the one of
the EPL stack.

Note:

In the implementation of EPL API Layer in Linux uspace (file
EplApiLinuxUser.c) the function blocks until the rey event for
safely exchanging the process image occurs. Iffuhetion returns,
the application is in the same state as if the s@flback function had
been called. Thus, the application must call
EplApiProcessimageExchangeOut() as fast as possibl&eturn”
from sync callback function.

t ypedef struct
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voi d* m _pl mage,;
unsi gned i nt m ui Si ze;

} tEpl Api Processl mage;

Member Description

m_plmage Pointer to the process image

m_uiSize Actual size of process image. It may s than the one
defined in EplCfg.h.

Table32:  Members of structure tEpl ApiProcesslmage

2.3.1.16 Function EplApiProcessl mageExchangeOut()

Syntax:

#include <Epl.h>
tEplKernel PUBLIC EplApiProcessimageExchangeOut(

tEplApiProcessimage* pPIl_p);
Parameters:
pPl_p: Pointer to the process image structure Tabée 32).
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function copies the passed output process irmatiee EPL stack
and marks TPDOs as valid.

Note:

In the implementation of the EPL API Layer in Linugerspace (file
EplApiLinuxUser.c), the function can only be callaadd in every case
must be called after calling EplApiProcessimagefaxcfein(). The
function does not block.

L-1098e_4 © SYS TEC electronic GmbH 2010 55



openPOWERLINK: Ethernet POWERLINK Protocol Stack

2.3.2 Edrv module

The Edrv module is the Ethernet driver. Obvioustyjs target-
dependant.

2.3.2.1 Callback Function tEdrvRxHandler ()

Syntax:

#include <edrv.h>
typedef void (*tEdrvRxHandler) (tEdrvRxBuffer * pBxiffer_p);

Parameters:

pRxBuffer_p: Pointer to the receive buffer struet(see Table 33).
Return:

KEplSuccessful The function was executed withordrer
Description:

The callback function must be called by the Ethewmirever when
Ethernet frames have been received. The DLL mogtdgides this
callback function. It is not reentrant.

t ypedef struct

{
t Edr vBuf f er I nFrame m Buf f er | nFr ane;
unsi gned i nt m_ui RxMsgLen;
BYTE * m _pbBuf f er;
t Epl Net Ti ne m_Net Ti ne;

} tEdrvRxBuffer;

Member Description

m_BufferInFrame Position of received buffer in ahdfnet frame (see Table
34).

m_uiRxMsgLen Length of received buffer in Byteshvaitit the frame
checksum.

m_pbBuffer Pointer to the buffer, which is in arase the start of the
Ethernet frame.

m_NetTime Timestamp of Ethernet frame (see Table 3)

Table 33: Member s of structure tEdrvRxBuffer
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t ypedef enum

KEdr vBuf f er Fi rst | nFrane = 0x01,
KEdr vBuf f er M ddl el nFrane = 0x02,
KEdr vBuf f er Last | nFr anme = 0x04
} tEdrvBufferlnFrane;
Value Description
kEdrvBufferFirstinFrame First data of frame receivenly used if

EDRV_EARLY_RX_INT is defined as TRUE

kEdrvBufferMiddleInFrame | Middle data buffer of fr&mOnly used if

EDRV_EARLY_RX_INT is defined as TRUE
kEdrvBufferLastinFrame Last data of frame receivesd,the complete frame
was received. If EDRV_EARLY_RX_INT is
defined as FALSE this value mus be used in any
case.

Table34: Constants of enumerated type tEdrvBufferInFrame

2.3.2.2 Callback Function tEdrvTxHandler ()

Syntax:

#include <edrv.h>
typedef void (*tEdrvTxHandler) (tEdrvTxBuffer * pBuffer_p);

Parameters:

pTxBuffer_p: Pointer to the transmit buffer struetsee Table 35).
This is the same pointer as previously used to star
transmission.

Return:

KEplSuccessful The function was executed withorgrer

Description:

The callback function must be called by the Ethedrierer when an
Ethernet frame has been transmitted. The DLL mogubeides this
callback  function. It is not reentrant. The macro
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EDRV_DMA TX HANDLER selects when this callback fuion is
called exactly.

t ypedef struct

unsi gned i nt m_ui TxMsgLen;
unsi gned i nt m_ui Buf f er Nunber ;
BYTE * m _pbBuf f er;

t Epl Net Ti ne m_Net Ti ne;

unsi gned i nt m_ui MaxBuf f er Len;

} tEdrvTxBuffer;

Member Description

m_uiTxMsgLen Current length of the frame not inchgdthe frame
checksum.

m_uiBufferNumber | Internal number of the buffer.

m_pbBuffer Pointer to the buffer, i.e. the startied Ethernet frame.

m_NetTime Timestamp, when the frame was transm{ged Table 3).

m_uiMaxBufferLen | Maximum length of buffer.

Table 35: Members of structure tEdrvTxBuffer

2.3.2.3 Function Edrvinit()

Syntax:

#include <edrv.h>
tEplKernel Edrvinit(

tEdrvinitParam* pEdrvinitParam_p);
Parameters:
pEdrvinitParam_p: Pointer to the initialization gareter structure
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function initializes the Ethernet driver anchzoller. The DLL
module calls this function.
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t ypedef struct
BYTE m abMyMacAddr [ 6] ;
t Edr vRxHandl er m pf nRxHandl er;
t EdrvTxHandl er m pf nTxHandl er;

} tEdrvlnitParam

Member Description

m_abMyMacAddr Local MAC address.
m_pfnRxHandler Rx handler (see section 2.3.2.1).
m_pfnTxHandler Tx handler (see section 2.3.2.2).

Table 36: Members of structure tEdrvinitParam

2.3.2.4 Function EdrvShutdown()

Syntax:

#include <edrv.h>
tEplKernel EdrvShutdown(void);

Parameters:
none

Return:
KEplSuccessful The function was executed withordrer

Description:

The function shuts down the Ethernet driver androdier. The DLL
module calls this function.

2.3.2.5 Function EdrvChangeFilter()

Syntax:

#include <edrv.h>

tEplKernel EdrvChangeFilter(
tEdrvFilter * pFilter_p,
unsigned int uiCount_p,
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unsigned int uiEntryChanged_p,
unsigned int uiChangeFlags_p);
Parameters:
pFilter_p: Pointer to the array of filter structsire
uiCount_p: Number of filter structures.
uiEntryChanged_p Appoints a specific filter entrigigh has been

changed. If it is greater than or equal to uiCoprdll
entries have been changed.

uiChangeFlags _p Specifies the type of changes winck made to the
entry specified by uiEntryChanged_p.
The following flags are valid:
EDRV_FILTER_CHANGE_VALUE,
EDRV_FILTER_CHANGE_MASK,
EDRV_FILTER_CHANGE_STATE,
EDRV_FILTER_CHANGE_ALL.

Return:
KEplSuccessful The function was executed withorgrer

KEplEdrvTooManyFilters uiCount_p is too large, tlee Edrv and the Ethernet
Controller respectively do not support this numdfer
filter entries.

Description:

The function configures the specified Rx filter reed. Previously
existing filters are overwritten. The Rx filter @es have to be
ordered with the most specific filter entry at fir§he first filter entry
that matches to a received frame is used. The iagles particularly
important with regard to auto-response frames.

The Edrv may return a handle for each filter in tekement
m_uiHandle which must be used for later calls te flanction
EdrvChangekFilter(). If the function is called wililter_p == NULL
or uiCount_p == 0 existing Rx filters are removed.

The DLL module calls this function.

t ypedef struct

unsi gned i nt m_ui Handl e;
BOOL m f Enabl e;
BYTE m_abFi | t er Val ue[ 22] ;
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BYTE m abFi | t er Mask[ 22] ;
t EdrvTxBuffer* m pTxBuffer;

#if (EDRV_FILTER W TH_RX_HANDLER ! = FALSE)
t Edr vRxHandl er m pf nRxHandl er;

#endi f

} tEdrvFilter;

Member Description

m_uiHandle Handle of this filter entry which isugted by
EdrvChangeFilter().

m_fEnable Flag which specifies if this filter entsyenabled.

m_abFilterValue Byte array of filter values.

m_abFilterMask Byte array of filter mask.

m_pTxBuffer Pointer to the Tx buffer which will bensmitted by autot
response feature if the filter matches. If thisnpei equals
NULL, no Tx frame is triggered by this filter entry

m_pfnRxHandler Rx handler for this filter entry éssection 2.3.2.1).

Table 37: Members of structure tEdrvFilter

2.3.2.6 Function EdrvDefineRxMacAddrEntry()

Syntax:

#include <edrv.h>
tEplKernel EdrvDefineRxMacAddrEntry(

BYTE* pbMacAddr_p);
Parameters:
pbMacAddr_p: Pointer to a multicast MAC address
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function is deprecated. It defines a multidd8iC address which
shall be received. The DLL module calls this fuomti
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2.3.2.7 Function EdrvUndefineRxMacAddrEntry()

Syntax:

#include <edrv.h>
tEplKernel EdrvUndefineRxMacAddrEntry(

BYTE* pbMacAddr_p);
Parameters:
pbMacAddr_p: Pointer to a multicast MAC address
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function is deprecated. It undefines a multidd&C address
which must not be forwarded to the Rx handler amgmdhe DLL
module calls this function.

2.3.2.8 Function EdrvAllocTxM sgBuffer ()

Syntax:

#include <edrv.h>
tEplKernel EdrvAllocTxMsgBuffer(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withordrer
Description:

The function allocates a transmit buffer with tipedfied maximum
size for the specified EPL frame type. The functieturns a pointer
to a buffer which is not less than the specifieckimam size. The
DLL module calls this function.
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2.3.2.9 Function EdrvReleaseT xM sgBuffer ()

Syntax:

#include <edrv.h>
tEplKernel EdrvReleaseTxMsgBuffer(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withordrer
Description:

The function releases a previously allocated tranisuffer. The DLL
module calls this function.

2.3.210  Function EdrvUpdateT xM sgBuffer ()

Syntax:

#include <edrv.h>
tEplKernel EdrvUpdate TxMsgBuffer(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withordrer
Description:

The function signals to the Edrv module, that the flame was
updated by the caller. The Tx frame has to be atkxt previously via
the function EdrvAllocTxMsgBuffer(). The DLL modulealls this
function.
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2.3.2.11 Function EdrvSendTxM sg()

Syntax:

#include <edrv.h>
tEplKernel EdrvSendTxMsg(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function transmits the specified buffer immeéelya The caller
must set the current size of the frame in m_uiTxiMsg Only
previously allocated transmit buffers may be padsethis function.
The DLL module calls this function.

2.3.2.12 Function EdrvTxM sgReady()

Syntax:

#include <edrv.h>
tEplKernel EdrvTxMsgReady(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function marks the specified buffer as readyrfansmission and
start transferring the frame to the FIFO of thedstiet controller but
must not transmit it. The caller must set the aursze of the frame
in m_uiTxMsgLen. Only previously allocated transimitffers may be
passed to this function. This function may be pnesenly if
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EDRV_FAST_TXFRAMES is defined as TRUE. The DLL mdéslu
calls this function.

2.3.2.13 Function EdrvTxMsgStart()

Syntax:

#include <edrv.h>
tEplKernel EdrvTxMsgStart(

tEdrvTxBuffer* pBuffer_p);
Parameters:
pBuffer_p: Pointer to a transmit buffer structused Table 35).
Return:
KEplSuccessful The function was executed withorgrer
Description:

The function really starts the transmission of Hpecified buffer
which was previously marked as ready. This functiay be present
only if EDRV_FAST_TXFRAMES is defined as TRUE. T L
module calls this function.
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3 Object Dictionary

3.1 Fundamentals

The Object Dictionary (OD) forms the essential caetion between
the application software and the EPL stack, whicabées data to be
exchanged with an application over the EPL netwBfL defines the
services and communication objects for the acae$iset OD entries.
The OD of EPL is modeled after the one of CANogeach entry is
addressed by index and sub index. The propertiesantry in the
OD are defined by type (UINT8, UIN16, REAL32, VilbString,
Domain,...) and by attribute (read-only, write-ontgnst, read-write,
mappable).

The OD can contain up to 65536 index entries and 255 sub
indexes per index. They are predefined by commtioicarofile or
device profile. Type and attribute for sub indexathin an index can
vary.

Entries can be preset with default values. It issfide to modify the
value of an entry with the help of SDOs (ServicgaD@bjects), in as
far as it is allowed by the attribute (read-writedawrite-only; not for
read-only and const). A value can also be modibgdhe application
itself (attribute read-write, write-only and readhg not for const).

3.2 Structureof an OD, Standardized Profiles

The OD is divided into sections. The section 0x1800x1FFF is

used to define the parameters for the communicaiigeacts and for
storage of general information (manufacturer, devigpe, serial

number, etc.). The entries from index 0x2000 — Bkre reserved
for the storage of manufacturer-specific entrigge €ntries starting at
0x6000 are those with device-specific as descriipethe applicable
device profile.
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3.2.1 Communication Profile

The Ethernet POWERLINK Communication Profile Spieeifion [1]
defines the communication parameters for the conration objects,
which must be supported by every EPL device. Initad for
device-specific expansions to the communicatiorfiler@applicable
CANopen device profiles may be used.

3.2.2 Device Profiles

Overview of CANopen device profiles (not complete):

Device profile for generic input/output modulesACiO1)

Device profile for drives and motion controls (C482)

Device profile for human/machine interface (HMI)ACI03)
Device profile for measuring devices and closeglaontrollers
(CiA 404)

Device profile for encoders (CiA 406)

Device profile for proportional valves (CiA 408)

For a complete overview of all currently availalievice profiles go

to:

http://www.can-cia.org/downloads/ciaspecifications/

3.3 Object Dictionary Structure

The Object Dictionary consists of index tables, sobtex tables,
default values and the data itself.
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Figure2:  Object Dictionary Srructure

The index tables contain all available indexes seeading order.
Each index entry refers to the beginning of theresponding sub
index table and its callback functions, which amdled for each
access.

Each sub index table contains all available sulexed for an index
entry. Every sub index entry provides informatidmoat the object
type, the access rights, the location of the défsalue and the
location of the actual data in RAM.

After the EPL stack is initialized, the correspargldefault values are
assigned to all object data.

The above described structures are constructednaieros. These
macros are described in the following section.
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3.4 Object Dictionary Definition

The Object Dictionary is defined in the fibdbjdict.h by using macros
which are described in this section.

EPL_OBD_BEGIN()
EPL_OBD_END()

The Object Dictionary is always introduced with theacro
EPL_OBD_BEGIN. EPL_OBD_END ends the definition diet
Object Dictionary. No other macros can be used the Object
Dictionary outside of the boundary set by EPL_OBE@N and
EPL_OBD_END.

EPL_OBD BEGIN_PART_GENERIC()

EPL_OBD BEGIN_PART_MANUFACTURER()

EPL_OBD BEGIN_PART_DEVICE()

EPL_OBD_END_PARTY()

The macros EPL_OBD_BEGIN_PART_GENERIC,
EPL_OBD_BEGIN_PART_DEVICE are always positionedwsesn
the macros EPL_OBD BEGIN and EPL_OBD_ END and intgala
partial section of the Object Dictionary. The "GHRIE" range is
always utilized for the index range O0x1000 to OxEFRhe
"MANUFACTURER" section is used for 0x2000 to Ox5FBRd the
"DEVICE" section for index range 0x6000 to Ox9FHEach of these
macros may only be used a single time within ane€bpictionary.
The applicable range or partial section is alwalssed with the
macro EPL_OBD_END_PART.

EPL_OBD_BEGIN_INDEX_RAM(ind,cnt,call)
EPL_OBD_END_INDEX(ind)

These macros are found within a partial sectiontled Object
Dictionary. They are located within the range betwehe macros
EPL_OBD BEGIN_PART ... and EPL_OBD_END_PART. They
must be ordered with ascending object index. Theaseros define an
index entry in the Object Dictionary. An index ents therefore
always introduced with the macro EPL_OBD_BEGIN_INDE..
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and ended with EPL_OBD END_INDEX. The suffix ... RAM
indicates that the sub index table is located IVRA

ind:  Object index of the entry to be defined
cnt:  Number of sub indexes within this index entry
call: Pointer to the callback function for this indexry

The callback function is always called if an objbess been read or
written. It doesn’'t matter if the access comes fitbin application or
per SDO. The EPL API Layer has one callback fumctimat must be
specified for some objects in the index range 0K1idBough Ox1FFF
and may be specified for any other object indexes|uding
application-specific objects.

EPL_OBD_SUBINDEX_RAM_VAR(ind,sub,typ,acc,dtyp,name,val)
EPL_OBD_SUBINDEX_RAM_VAR_RG(ind,sub,typ,acc,dtyp,name,val,low,high)
EPL_OBD_SUBINDEX_RAM_VAR_NOINIT(ind,sub,typ,acc,dtyp,name)
EPL_OBD_SUBINDEX_RAM _VSTRING(ind,sub,acc,name,size, val)
EPL_OBD_SUBINDEX_RAM_OSTRING(ind,sub,acc,name,size, val)
EPL_OBD_SUBINDEX_RAM_DOMAIN(ind,sub,acc,name)
EPL_OBD_SUBINDEX_RAM_USERDEF(ind,sub,typ,acc,dtyp,name,val)
EPL_OBD_SUBINDEX_RAM_USERDEF_RG(ind,sub,typ,acc,dtyp,name,val,low,
high)
EPL_OBD_SUBINDEX_RAM_USERDEF_NOINIT(ind,sub,typ,acc,dtyp,name)

The sub indexes are now defined within an indexyenthey are

always located within the range between the macros

EPL_OBD_BEGIN_INDEX ... and EPL_OBD_END_ INDEX and

must be ordered with ascending sub index. Sinceethee various

object types and therefore various data typeshaeat to be created,

there are different macros as well. The most ingdrobject types

are:

» variables (VAR),

» strings (VSTRING for visible strings and OSTRINGr foctet
strings),

« domains (DOMAIN) and

» user-specific type (USERDEF).
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The variables that were created with the macroAMRVAR are

objects that have a defined data length, whicheitgrthined by the
object type (e.g. UNSIGNED 8, UNSIGNED 16, INTEGBRetc.).

These objects cannot be mapped to a PDO.

Strings in RAM contain an additional parameter é5iz This
parameter indicates the maximum length of a sttimat can be
written to via SDO or from the application.

The data length of domains is set by the applioatind can change
during runtime.

Objects, which the user wants to manage in hisiegmn, can be
created with the USERDEF macros. Only these objeets be
mapped to a PDO as process variables.

The suffix ..._RG is for objects that have a valuegefor the object
data. If in the file  EplCfg.h the define
EPL_OBD_CHECK_OBJECT_RANGE is set to TRUE, the EPL
stack automatically checks the value range beforelgect is written

to (from the application or per SDO). If the define
EPL_OBD_CHECK OBJECT_RANGE is set to FALSE, theueal
range is not checked automatically. Here, the vahrge must be
checked in the callback function of the object eifjas far as this is
necessary).

The suffix ... _NOINIT defines objects which have nefallt value.
That means the EPL stack does not initialize thas@bles with a
default value on NMT reset events. It is the resgahty of the
application to initialize those objects.

The macros ... DOMAIN, ... USERDEF and ... USERDEG
define a variable information structure of type WapEntry in the

RAM along with the sub index entry. This structeontains the data
length and a pointer to the data. Upon initializatof the EPL stack
with the function EplApilnitialize() all variable information is
deleted. The application has to map these objedts bwn variables
by calling the functiorEplApiLinkObject(). All objects which were
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created with the macros ... DOMAIN, ... USERDEF or
..._USERDEF_RG must be defined via this function.

ind:  Object index of the sub index entry to be defined

sub:  Sub index for the sub index entry to be defined

typ: Object type as code, as defined according to(iféfer to
Table 38)

acc. Access properties or access rights for the oljesfér to
Table 39)

dtyp: Data type as C constructiorefer to Table 41)

name: Object name

size.  Maximum length of the string in RAM (incl. O temaition)

val: Default value for the object data, which is assdm
following a reset

low: Lower range limit for the object data

high: Upper range limit for the object data

The parameters 'val', 'low' and 'high' must be miaecording to data
type 'dtyp'.

EPL_OBD_RAM _INDEX_RAM_ARRAY (ind,cnt,cal typ,acc,dtyp,name,def)
EPL_OBD_RAM _INDEX _RAM_VARARRAY(ind,cnt,cal,typ,acc,dtyp,nam
e, def)

There is another class of macros to simplify thienden of arrays.
They can replace the EPL_OBD_BEGIN_INDEX ...,
EPL_OBD_END_INDEX and EPL_OBD_SUBINDEX ... macros.
These macros reduce the allocation of const menb@gause of less
sub index table entries. The drawback is that tiessd a little more
RAM.

Macro ...VARARRAY IS the equivalent to the
EPL_OBD_SUBINDEX RAM_ USERDEF... macros. All created
sub indexes must be defined by calling the function
EplApiLinkObject().

ind:  Object index of the sub index entry to be defined
cnt:  Number of sub indexes of this entry without sadbex O
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cal:
typ:

Table 38)
acc:

Table 39)
dtyp:
name: Object name
def:

following a reset

Pointer to the callback function for this indexry
Object type as code, as defined according to(féfer to

Access properties or access rights for the oleféer to

Data type as C constructiorefer to Table 41)

Data Type Codein EPL

Meaningin [1]

KEplObdTypBool

Boolean (value 0x0001)

KEplObdTypInt8

signed integer 8-bit (value 0x0002)

KEplObdTypIntl6

signed integer 16-bit (value 0x0P03

KEplObdTypInt32

signed integer 32-bit (value 0x0P04

KEplObdTypUInt8

unsigned integer 8-bit (value 0xBP0

KEplObdTypUInt16

unsigned integer 16-bit (value 086)

KEplObdTypUInt32

unsigned integer 32-bit (value 080)

KEplObdTypReal32 real 32-bit (value 0x0008)
KEplObdTypVString visible string (value 0x0009)
KEplObdTypOString octet string (value 0x000A)
KEplObdTypTimeOfDay | time of day (value 0x000C)
KEplObdTypTimeDiff time difference (value 0x000D)
KEplObdTypDomain domain (value 0xO00F)
KEplObdTypInt24 signed integer 24-bit (value 0x0P10
KEplObdTypReal64 real 64-bit (value 0x0011)

KEplObdTypInt40

signed integer 40-bit (value 0x0P12

KEplObdTypInt48

signed integer 48-bit (value 0x0P13

KEplObdTypInt56

signed integer 56-bit (value 0x0P14

KEplObdTypInt64

signed integer 64-bit (value 0x0P15

KEplObdTypUInt24

unsigned integer 24-bit (value 0%6)

KEplObdTypUInt40

unsigned integer 40-bit (value 0%8)

KEplObdTypUInt48

unsigned integer 48-bit (value 0%0)

KEplObdTypUInt56

unsigned integer 56-bit (value 0%8)

KEplObdTypUInt64

unsigned integer 64-bit (value 0%B)

Table 38:

Available data types (enumerated type tEplObdType)
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Access Rights Value | Description

KEplObdAccRead| 0x0l1l| The object data can be read.

KEplObdAccWrite| 0x02 | The object data can be written

KEplObdAccConst0x04 | The object data is constant.

KEplObdAccPdo | 0x08|The object data can be mapped to a F
(always In conjunction wit
KEplObdAccVar).

kEplObdAccRangeOx20 | The object data contains a value range.

KEplObdAccVar | 0x40 | The object contains a variable informat
structure.

KEplObdAccStore| 0x80| The object data can be sav&tEPROM
using the Store command.

Table39:  Accessrights of objects

Combinations of access rights are possibéée( to Table 40). Some
of these access rights are automatically set byntaeros. Which
objects contain which access rights depends omafipdied device
profile or on the application.

For readable and writable objects (kEplObdAccReadd a
KEplObdAccWrite set) there is always a value avwddain ROM,
which contains the default value, as well as aenirvalue in RAM.
The default value is copied to the current valugh@ NMT states
KEpINmtGsResetApplication or KEpINmtGsResetCommaitnon and
on the command to restore the default parametdiedipo0x1011,
NMT_RestoreDefParam_REC). The current value cawiitéen and
read for both SDO accesses or from the application.

Read-only objects (macro EPL_OBD_SUBINDEX_RAM ... bet
KEplObdAccWrite not set), however, cannot be written per SDO.
However, the application can modify its object dhtacalling the
function EplApiWritelL ocalObject(). Therefore, a value is created in
ROM as well as in RAM.

Macro automatically
assigned rights
EPL OBD SUBINDEX RAM VAR None
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EPL_OBD SUBINDEX RAM VAR RG kObdAccRange
EPL_OBD SUBINDEX RAM VSTRING None
EPL_OBD SUBINDEX RAM_OSTRING None
EPL_OBD SUBINDEX RAM_ DOMAIN kObdAccVar

EPL_OBD SUBINDEX RAM_USERDEF kObdAccVar

EPL_OBD_SUBINDEX_RAM_USERDEF_REObdAccVar |

kObdAccRange

Table40:  Automatically assigned access rights

Data Type Codein EPL

Available Data Types as C Construct

KEplObdTypBool

tEplObdBoolean

KEplObdTypInt8

tEplObdinteger8

KEplObdTypIntl6

tEplObdintegerl6

KEplObdTypInt24

tEplObdinteger24

KEplObdTypInt32

tEplObdIinteger32

KEplObdTypInt40

tEplObdIinteger40

KEplObdTypInt48

tEplObdinteger48

KEplObdTypInt56

tEplObdinteger56

KEplObdTypInt64

tEplObdInteger64

KEplObdTypUInt8

tEplObdUnsigned8, BYTE

KEplObdTypUIntl16

tEplObdUnsigned16, WORD

KEplObdTypUInt24 tEplObdUnsigned24
KEplObdTypUInt32 tEplObdUnsigned32, DWORD
KEplObdTypUInt40 tEplObdUnsigned40
KEplObdTypUInt48 tEplObdUnsigned48
KEplObdTypUInt56 tEplObdUnsigned56
KEplObdTypUInt64 tEplObdUnsigned64
KEplObdTypReal32 tEplObdReal32
KEplObdTypReal64 tEplObdReal64
KEplObdTypTimeOfDay tEplObdTimeOfDay
KEplObdTypTimeDiff tEplObdTimeDifference
KEplObdTypVString tEplObdVString
KEplObdTypOString tEplObdOString
KEplObdTypDomain All

Table41l: Available data types and their C counterparts
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3.5 Example

The directory ObjDicts contains several sample ahgéctionaries. A
good starting point might be ObjDicts/Api_CN.
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4 Configuration and Scaling

The EPL stack is configured via C-defines in theader file

EplCfg.h. This file should reside in the project directdogcause the
configuration depends on the target and the curpeaject. The
various configuration options are described in faistion.

4.1 General configuration of the EPL stack

EPL_MODULE_INTEGRATION

The different modules of the EPL stack can be ethlolr disabled
separately. But some modules depend on each dthisrmacro is a
bit field, where each bit represents a module. &tae the following
macros for each module:

EPL _MODULE_OBDK = OBD kernel part module
EPL_MODULE_PDOK = PDO kernel part module

EPL _MODULE_PDOU = PDO user part module
EPL_MODULE_SDOS = SDO Server module
EPL_MODULE_SDOC = SDO Client module
EPL_MODULE_SDO_ASND = SDO via ASnd module
EPL_MODULE_SDO_UDP = SDO via UDP module
EPL_MODULE_SDO_PDO = SDO in PDO module
EPL_MODULE_NMT_MN = NMT MN module (enabled MN sugb)
EPL_MODULE_NMT_CN = NMT CN module

EPL MODULE_NMTU = NMT user part module
EPL_MODULE_NMTK = NMT kernel part module

EPL MODULE_DLLK = DLL kernel part module
EPL_MODULE_DLLU = DLL user part module

EPL _MODULE_OBDU = OBD user part module
EPL_MODULE_LEDU = LED user part module
EPL_MODULE_CFM = Configuration Manager module
EPL_MODULE_VETH = Virtual Ethernet driver module
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EPL_USE_SHAREDBUFF

This macro defines if the SharedBuff implementatiexists and
should be used for event queues etc. If you watdgdbthe EPL stack
on a target system without operating system or target where no
SharedBuff implementation exists, you can defines thnacro to
FALSE. Instead of event queues there will be diaits between
EPL user part and kernel part.

EPL_EVENT_USE_KERNEL QUEUE

This macro defines if the kernel part event qusugsied. If this macro
Is defined to FALSE the kernel part event queuedaced by direct
calls within interrupt lock. This can provide ateetperformance, but
increases the interrupt jitter.

4.2 Ethernet driver

EDRV_MAX_TX_BUFFERS

This macro defines the number of available trandmaifers in the
Ethernet driver. A pure CN just needs 5 transmitdos (i.e. its PRes
frame, the ldentResponse, the StatusResponse, MiE Request
FIFO and non-EPL frames). A MN additionally needgr@nsmit
buffers for the SoC and SoA frame and one transwifter for the
PReq frame of each attached CN.

EDRV_AUTO_RESPONSE

This macro defines if the used Ethernet driver sugpthe auto-
response feature. This means that the Ethernetrodient will
automatically transmit the response frames on icereqguests, e.g.
PRes on PReq and StatusResponse on StatusRequest.

EDRV_FAST_TXFRAMES

If the configured Ethernet driver supports it ahs tmacro is defined
as TRUE, fast transmit frames may be used for HRases. This
means that the Ethernet driver implements the fonst
EdrvTxMsgReady() and EdrvTxMsgStart(). The firshdtion starts

L-1098e_4 © SYS TEC electronic GmbH 2010 79



openPOWERLINK: Ethernet POWERLINK Protocol Stack

copying the buffer to the Ethernet controller's Blland the second
actually starts transmitting the message. Thisoopthay reduce the
PReg-PRes latency. This macro depends on the irepkation of the
Ethernet driver.

EDRV_EARLY RX_INT

If the configured Ethernet driver supports it ahs tmacro is defined
as TRUE, the Rx handler of the DLL module may dédabefore the

complete frame has been received. This option rdyae the PReg-
PRes latency because the DLL module can react om seceived

frames like PReg-frames if it only knows the headtthe frame.

This macro depends on the implementation of thera#t driver.

EDRV_USED ETH CTRL
This macro selects the Ethernet controller.

EDRV_DMA_TX_HANDLER

This macro selects whether the Ethernet drives¢hi# Tx handler of
the DLL module when the DMA transfer has finishedwhen the
frame is actually transmitted over the bus. Thi€malepends on the
implementation of the Ethernet driver.

4.3 DLL module

EPL DLL_PRES FILTER COUNT

This macro specifies the number of PRes receiter f@ntries that the
DLL shares with the Ethernet driver for PRes filtgr There are
separate filter entries for PRes from different emdIf the PDO
module requests the reception of a PRes frame &r@pecific node,
because the user has configured a RPDO with thde-h0, the DLL

uses a free PRes filter entry for this PRes. Famgte if you have
three RPDOs, you need at least 3 PRes receive éh&ies. The
source node-IDs of the specific PRes frames ardigioed at

runtime.
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A value of 0 disables the reception of cross-tecaffie. PRes frames
from other nodes in the network are not seen lsyrihde.

A value of -1 disables the selective PRes filterihgat means if the
user enabled one or more RPDOs, the PDO moduleeséxjuhe
reception of the corresponding PRes frames an®thewill enable
the reception of all PRes frames. This implies duay PRes frame
will be seen by the node. If there is no enable®®Pthe PRes filter
will be disabled.

EPL_DLL_PRES READY_AFTER_SOC

If this macro and EDRV_FAST_TXFRAMES are definedT&8UE,

upon reception of SoC the DLL module passes thesRPfRene to the
Ethernet driver via EdrvTxMsgReady(). Currently, ¢ only

implemented in the CN state machine.

EPL_DLL_PRES READY_AFTER_SOA

If this macro and EDRV_FAST_TXFRAMES are definedT&BUE,

upon reception of SoA the DLL module passes thesHRene to the
Ethernet driver via EdrvTxMsgReady(). Currently, ¢ only

implemented in the CN state machine.

The above macros are mutually exclusive.

4.4 OBD module

EPL_OBD USE_KERNEL

If this macro is defined as TRUE, the OBD modul@lementation of
EPL kernel part is also used in EPL user part irectl calls.

EPL_OBD USE_LOAD _CONCISEDCF

If this macro is defined as TRUE, the OBD modul@alizes the OD
from a concise device configuration file (usuak fiending .cdc),
which was generated by a POWERLINK network confagian tool.
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EPL_OBD_DEF_CONCISEDCF_FILENAME

This macro defines the default file name of the ctem device
configuration file (CDC). If it is not defined, “pbbd.cdc” is used as
default.

45 SDO modules

EPL_SDO _MAX_CONNECTION_ASND

This macro defines the maximum number of availatdanection
channels of the SDO ASnd layer.

EPL_SDO_MAX_CONNECTION_UDP

This macro defines the maximum number of availatdanection
channels of the SDO UDP layer.

EPL_MAX_SDO_SEQ CON

This macro defines the maximum number of availatmanection
channels of the SDO sequence layer.

EPL_MAX_SDO _COM_CON

This macro defines the maximum number of availatdaenection
channels of the SDO command layer.

4.6 Timer module

EPL_TIMER_USE_HIGHRES

If this macro is defined as TRUE, a high resolutioner module is
available and will be used by DLL module for cyolenitoring.
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4.7 Configuration Manager module

EPL_CFM_CONFIGURE_CYCLE_LENGTH

If this macro is defined as TRUE, the Configuratdanager copies
the local cycle length configuration (object Ox1D@® the CNs after
the normal configuration via CDC has finished.

4.8 EPL API Layer

EPL_API_PROCESS IMAGE_SIZE_IN

The macro defines the size of the static input @geemage. If it is set
to O, the static input process image is disabldte Yalue shall not
exceed 252 and be a multiple of 4.

EPL_API_PROCESS IMAGE_SIZE_OUT

The macro defines the size of the static outputgsse image. If it is
set to 0, the static output process image is deshblhe value shall
not exceed 252 and be a multiple of 4.
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Glossary

AMI  Abstract memory interface

ASnd POWERLINK frame type: Asynchronous Send, which
may contain SDO or NMT messages

CAL  Communication Abstraction Layer, internal
openPOWERLINK stack module

CDC  Concise Device Configuration File (binary versiof
XDC)

CFM  Configuration Manager

CN Controlled Node, i.e. slave device in the POWRRL
network

DCF  Device configuration file (generated by confafion
tools)

DLL  Data Link Layer

DNS  Domain Name System (Internet Protocol)

EPL Ethernet POWERLINK

EPSG Ethernet POWERLINK Standardization Group
IP Internet Protocol

HMI Human machine interface

MAC Media Access Control

MN Managing Node, i.e. master device in the POWERRLI
network

NMT  Network Management

Node an arbitrary POWERLINK device. Often a Con&dl
Node

OBD  Obiject dictionary module
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oD
PDO
PReq
PRes
RPDO
SDO
SoA
SoC
TCP
TPDO
UDP
XDC
XDD

Object dictionary

Process Data Object

POWERLINK frame type: Poll Request
POWERLINK frame type: Poll Response
Receive PDO

Service Data Object

POWERLINK frame type: Start of Asynchronous
POWERLINK frame type: Start of Cyclic
Transmission Control Protocol

Transmit PDO

User Datagram Protocol

XML Device Configuration File

XML Device Description File
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