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Manual File: I\Texte\Doku\MANUALS\PROGRAM\CAN\CAL-COPN\CANOPEN\CANopedanag
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Date of Print: 2018-08-27

Described Softwar e: CANopen Manager

Revision: 2.2.X

Changesin thismanual

With software revision 2.x the CANopen managemisipletely rewritten to comply to CiA DS-302.
The API is the same as for the CAL-/CANopen mafstebackward compatibility but the syntax of
the initialization file has changed from a propigtASCII format to XML.

The changes in this version of the user's mamstedibelow affect changes in the software, asasgell
changes in the description of the facts only comg&o the previous revision.

. . . . L Alterations Alterations in
Version Alterations in the appendix versus previmagsions . .
in software documentation
Revised introduction and reference X
New configuration file keywordsIMI_Reset _Al | ,
NMI_Reset Node, Sync_Interval, Sync_Cob _Id,
Debug_Mask, Manager Thread Priorities, X X
29 Sl ave_Thread Priorities and
' Native_Thread_Priorities.
Default of keyword NMT_AUTOSTART_SLAVE is TRUE and
X
not FALSE.
New chapter to document the additional commandtbioés which X
come with a CANopen release.
2.3 Software order number deleted X
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2. Overview

The CANopen manager library allows an easy integmabf the complex CANopen manager
functionality in an application with the need forsaphisticated CANopé&nnetwork and process
control.

The library implements a complete CANopen manageomling to Ci& DS-301 and DS-302 with
support for the standardized network bootup, ecamtrol via cyclic node guarding or heartbeat
monitoring, EMCY object monitoring, SYNC generatjenror handling and support for SDO services.

Some highlights of the library are:

» Comprehensive set of services based on the CANepedifications CiA DS-301 and CiA
DS-302 to easily integrate CANopen manager funalipninto an application.

» Supportfor several (real-time) operating systents@GAN adapter available with the same OS and
hardware independent proven CANopen manager core.

» Comes as fully multi-threaded shared or statialjprAll CANopen manager related tasks like the
check of the network integrity, control of the ghalasystem boot-up, automatic download of
device configuration files and the detection of GAddn slave device failures are handled in
background.

Supports CANopen slave devices which comply to D$-2 3.x and 4.x.

Supports control of multiple CAN networks.

Can be configured by the application with an XMlséd configuration file or with the help of
additional tools via CAN and the standardized digictionary.

» For device configuration DCF files which complyD&-306 as well as CCF files which comply
to DS-302 are supported.

2.1 Notesto this Manual

This manual describes the CANopen manager softpackage by esd. The CANopen manager is
available for various (real-time) operating systeamd CAN adapter.

The first chapters of this manual describe the gerfanctionality of the CANopen manager. The
operating system specific features of the managelisied in the appendix.

Knowledge of CANopen definitions and protocol dgsttwns is required.. References to CiA
publications are accordingly cross-referenced. (/3/).

2.2 Introduction

The CANopen protocol started as CAL based protadhg its communication and network
management services and defined application andelspecific objects which are stored in an object
dictionary. Nowadays the CANopen protocol is imprdwithout any reference to CAL.

Each remote node in a CANopen network is assignesdule identifier (1-127) which has to be
unique in the network. CANopen nodes are configlrgdhe configuration manager part of the
CANopen manager via access to the object dictionasgd on Device Configuration Files (DCF). The
CANopen nodes are managed and monitored by the Misi§ter via CAN after the boot-up.
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2.3 Features of the CANopen manager library

The CANopen manager library provides all featuoesaonfigure, start and monitor CANopen slaves.
The library can be used easily as stand-alone @gijah to setup a CANopen network based on a
manager configuration file in XML format and DClef for the CANopen nodes but provides also a
Application Programmer Interface (API) to contr@nrote slaves by a custom application. All
functionality specified by CANopen for a mastectmfigure and manage remote nodes is covered by
the library:

Detection of CANopen nodes in the CAN network.

Configuration of CANopen nodes with or without D@IEs (Configuration manager).
Management and monitoring of remote node statesT{NMster).

Monitoring of CANopen Emergency Objects.

SYNC object generation (Hardware dependent).

Communication between the library and the applicais realized with an event mechanism. In
addition the libraries API gives the applicatioe fiossibility to:

® Control the node state of remote slaves.
® Monitor the node state of remote slaves.
® Read and write object dictionary entries of renshées.

2.4 Receiving process data

The CANopen manager library doesn't support resgiprocess data in PDOs directly. If you want
to build an application which is intended to manag@ANopen network and process the data of the
CANopen slave devices in this network you havedate a further CANopen slave with the CANopen
slave library, assign it another node-ID than the which is assigned to the CANopen manager and
can use the slave API to process the data.
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3. Initializing the CANopen M anager

3.1 Starting and Terminating the CANopen M anager

The CANopen manager operates in the backgroundf &nd running faultlessly it does not require
further intervention by the user after its start

A configuration file has to be created to desctlimCANopen network which represents the project
specific CANopen net.

3.2 Configuration of the CANopen Manager
The manager configuration file and the CANopen Di&ls can be created with a standard text editor
for ASCII files. The syntax of the CANopen DCF §les described in /3/. The manager configuration

file follows the XML syntax. The keywords are debed in following abstract.

3.2.1 Configuration file element relationship

Each XML configuration file for the CANopen manadms the following structure:

<?xm version="1.0" encodi ng="UTF-8"7?>
<CANopen_Manager >
<Manager _| nst ance>

<Node_I| nst ance>

</ Node_I nst ance>
<Node_| nst ance>

</ Node_I nst ance>
</ Manager _| nst ance>
</ CANopen_Manager >

CANopen_Manager is the root element of the configuration file. dontains child elements of
Manager _I nst ance for every physical CAN network that should be coltéd by this manager. Each
of these Manager _I nstance child elements contains child elementsNedie_I nst ance for every
instance of a remote slave that should be contrati¢his network. Each of the elements mentioned
above contain only element content. These elenagatdescribed in the following abstracts.
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3.2.2 Element description

The description of all XML elements that are supgaiin the configuration file are made in a table
with the following structure:

Keyword Category Data Type Dictionary Entry
Value Range Default Obsolete syntax
Description

 Keyword is a XML element name.
» Category is either Mandatory or Optional.
» DataTypeis one of the following:

> UCHAR - 0..0xFF

> USHORT - 0..0xFFFF

> ULONG - 0..0xFFFFFFFF

> INT16 - -32768..32767

> BOOL - TRUE/FALSE

> ASCII - ASCII string

> ENUM - Element specific enumeration

» Dictionary Entry describes index, subindex and bit position foeykord that is directly related
to a DS-302 dictionary entry. If there is no radatthis box is empty.

* Value Rangeis the valid range for this keyword. If a range'ti@pplicable this box is empty.

» Default is the value that is used if an optional keywardissing.

* Obsolete Syntax is the keyword representation in the old stylefigomation syntax. If there is no
such relation this box is empty. You can use thia eeference to port previous configuration files.

» Description is the purpose or effect of this keyword.
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3.2.3 Elementsof <Manager _| nst ance>

Net _No Mandatory | UCHAR
0-255 Net

The element defines the logical net number thecgedtiver has assigned to the CAN pqrt

that should be used by this instance of the manager

=

Baudrat e Mandatory | USHORT

Valid CANopen baudrate Baud

The baudrate used for this CAN network in Kbit/s.

Manager _Node_! d Optional UCHAR

1-127 127

According to DS-302 the manager itself is an adigtance of a CANopen slave to offel
configuration mechanisms via an object diction&y. this purpose a Node-ID has to be
assigned to the manager. This Node-ID must notlicomfith the Node-ID of any remote
CANopen slave in the network that is controllectiig manager.

Config_Fil e_Repository Optional ASCI|

OS dependent valid path DCF_PATH

Additional search path for the CANopen node's gurftion files (DCF file or CCF file)
to ease the logical organization of configuratibesfin the host file system. If opening a
given configuration file in the working directorgifs, this string is concatenated with the
operating system specific path separator is pregzbtalthe filename to open the
configuration file from here.

Hear t beat _Producer _Ti ne Optional | USHORT 0x1017
100 - 65535 0

This parameter defines the cycle time of the manhgartbeat. The producer heartbeat
time is O if not defined.
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Boot _Ti me Optional USHORT 0x1F89
100 - 65535 0

Maximum time in ms the NMT master will wait for atlandatory slaves before signalling
an error. If the time is 0 the master will waitlessly. Attempt to boot optional slaves
will always be repeated endlessly.

NMT_Mast er Optional | BOOL Ox1F80, Bit 0
TRUE, FALSE TRUE

If set to TRUE this is the NMT master. If set tolE2E this isn't the NMT master, the
application is started in the slave only mode am@ttempt is made to configure and sta
the CANopen network.

—

NM_Start Al l Optional | BOOL 0x1F80, Bit 1
TRUE, FALSE FALSE | AUTCSTART

This parameter defines the way the NMT master stélit the remote slaves
If set to TRUE the master will perform the servid®T Start Remote Nodes All Nodes'.
If set to FALSE the master will start each rematdenindividually.

NMI_Aut o_Qper ati onal Optional | BOOL O0x1F80, Bit 2
TRUE, FALSE TRUE AUTCBTART

This parameter defines the behavior of the NMT srastter all mandatory slaves are
booted successfully and all optional slaves aeéd to be booted at least once.

If set to TRUE the master will automatically entiee node state '‘Operational’ and continue
to start the remote slaves.

If set to FALSE the NMT master will wait to stahiet remote slaves until the application
decides the master should enter the state 'Opeaditio

NMT_Aut o_St art Optional BOOL 0x1F80, Bit 3
TRUE, FALSE TRUE AUTCSTART

This parameter defines the behavior of the NMT evaasfter it has entered the state
‘Operational’.

If set to TRUE the master is allowed to start tnmote slaves.

If set to FALSE the application will start the retaclaves.
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NMI_Act i on_On_Error Optional ENUM 0x1F80, Bit 4/6
RESET_SLAVE

This parameter defines the way the NMT master leaneltror control events.
If this parameter is set to RESET_SLAVE on Erron@ol Event of a mandatory the slaye
is treated individually.

If this parameter is set to RESET_ALL on Error GohEvent of a mandatory slave the
NMT master performs a 'NMT Reset all Nodes' comm@amduding self).

If this parameter is set to STOP_ALL on Error CohEvent of a mandatory slave the
NMT master performs a 'Stop all Nodes' commandyaing self).

Boot _Del ay Optional USHORT
0 - 65535 200

This parameter defines the delay in ms the managis after the initial ‘NMT Reset
Communication 'before continuing with the ‘Start@®@d&lave Process’. You might adjus|
this parameter to be sure that all slaves finighed initialisation. See also the node
specific parametdBoot_Delay in the next chapter.

—F

Vit _For_Startup Optional BOOL

TRUE, FALSE FALSE

This parameter defines the behaviour of mcanOpetfStiaat initiates the ‘Start Boot
Slave’ process, which is performed in paralleldach managed slave node.

If this parameter is set to FALSE the call willuat immediately after the parallel
processes are started.

If this parameter is set to TRUE the call won'uretbefore every process hasn'’t created at
least the signal for the Boot Slave try.

NMT_Reset _Al | Optional BOOL

TRUE, FALSE FALSE

This parameter defines, if the initial NMT commandeset the CANopen network at the
beginning of the bootup procedure is Mgl T Reset Communication (as defined as only
mechanism in the DS-302) or theM T Reset Node. This parameter is only evaluated if no
node is configured witRMr_Check_Nodest at e Set to TRUE. This possible change from
the standard behaviour should only be enableddaup withNM T Reset
Communication causes problems with any of the CANopen slavesexied to this
network.
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Preset _Emergency_Consumer | Qptional BOOL

TRUE, FALSE FALSE

This parameter defines the behaviour of the CANopanager es emergency consumet,
If this parameter is set to FALSE only emergencgsages of remote slaves that are
defined in this configuration file are received.

If this parameter is set to TRUE the manager idigared to receive emergency messages
of all remote nodes according to the default cotioeset even if they are not defined in
this configuration file.

Sync_I nterval Optional ULONG 0x1005, 0x1006
N/A N/A

This parameter configures the CANopen manager &8CSpftoducer. If this entry is
present, the object dictionary entries COB-ID SYiMEssage (0x1005) and
Communication Cycle Period (0x1006) are created.

The parameter defines the SYNC interval in usetfts O the object dictionary entries ars
created but the SYNC object isn’'t generated. Itsetnother value SYNC generation stgrts
immediately with the configured value.

A} %4

Note: To archive minimal jitter the SYNC objecigenerated with the help of the
scheduling mode /4/ of the NTCAN-API. For this r@ashis service is not available on 4l
CAN hardware and/or operating systems which arpated by the CANopen stack.

Sync_Cob_l d Optional ULONG | 0x1005
N/A 0x80

COB-ID of the SYNC object. To configure SYNC gertara you also have to define the
Sync_|I nt erval described above.

Manager _Thread_Priorities Optional INT16

N/A N/A

Priorities of the manager threads as three INT18esaseparated by colons. THeptiority
value is used for the manager main control daethen?* priority value for the NMT
error control daemon and th& Briority for the slave node bootup daemons. Therity is
either a PSYS priority or a OS specific native ptyoif Nati ve_Thread_Priorities
described below is set to TRUE.
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Sl ave_Thread_Priorities Optional INT16

N/A N/A

Priorities of the slave threads as four INT16 valseparated by colons. Th&griority
value is used for the slave NMT thread, th&pRiority value for the slave PDO thread, the
3" priority for the slave SDO thread and tHepfiority for the slave EMCY consumer
thread. The priority is either a PSYS priority d0& specific native priority if

Native Thread Priorities described below is set to TRUE.

Native_Thread_Priorities Optional BOOL
TRUE, FALSE FALSE

If TRUE the priorities ofvananger _Thread_Priorities andsl ave_Thread_Priorities
are native OS specific priorities instead of PSYiBrjies.

Debug_Mask Optional ULONG
N/A N/A

For special debug builds of the mananger and sI&Mdopen stack it's possible to defing a
mask to control the amount of debug trace messagesLSW of this value is the debug
mask for the mananger and the MSW for the slaves fdwrameter is ignored by a releas
build of the library.

D
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3.2.4 Elementsof <Node_ | nst ance>

Node_Id Madatory UCHAR
1-127 NODEI D

Node-ID of this instance of the remote node thausthbe controlled by the master. The
same Node-ID must not be assigned twice withinMaaager_Instance. The Node-ID of
the manager itself has to be unique, too.

NMT_Sl ave Optional BOOL 0x1F81, Sukode I d, Bit0

TRUE, FALSE TRUE

If set to TRUE the node with this Node-ID is a €lafter configuration (with
Configuration Manager) the Node will be set to skete Operational by the NMT master
If set to FALSE the node with this Node-ID is ntdrsed by the NMT master

NMr_Auto_Start_Sl ave | Optional BOOL 0x1F81, Sukode_|I d, Bit 2

TRUE, FALSE TRUE

If set to FALSE on Error Control Event or detectmima booting slave the application is
informed but the slave isn’t automatically configuand started.

If set to TRUE on Error Control Event or detectafra booting slave inform the
application and do start the process “Start Bia¢eS.

NMI_Mandat ory_Sl ave | Optional BOOL 0x1F81, Sulode_I d, Bit 3

TRUE, FALSE FALSE

If set to TRUE the node with this Node-ID is a matady slave and the network must nojt
be started if this slave node could not be contadteing the boot slave procedure. If sef to
FALSE the node with this Node-ID is an optionalvslaetwork may be started even if this
node could not be contacted

Guar d_Ti me Optional USHORT 0x1F81, Sulwde_| d, Byte 2-3
0-65535 0 GUARD

This parameter determines the interval in ms adyRaiR is send. If the answer is missing
(Ret ry_Fact or -1) the master will create a guard error event.r@ing will be performed
only if Guard_Ti me andRet ry_Fact or are both different from 0. The guard time in ms
configured for the NMT master should be smallenttiee guard time configured for the
remote slave by the configuration manager to prefrequent timeout errors.
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Li fe_Ti me_Fact or

Optional

UCHAR

0x1F81, Sukode_lI d, Bytel

0-255

0

LI FE

This parameter determines the factor the guard RT&send before the NMT master wil|
create a guard error event. Guarding will be peréa only ifGuar d_Ti me and
Retry_Fact or are both different from 0.

NMTI_Check_Nodest at e BOOL

Optional
FALSE

O0x1F81, Sukode_I d, Bit 4

TRUE, FALSE

If set to FALSE the slave node may be reset withl TNReset Communication’ command
independent of its state. Hence, no checking dftéte has to be executed prior to ‘NMT
Reset Communication’ command. If set to TRUE theTNMiaster must not send ‘NMT
Reset Communication’ for this node if it noticee #lave to be in ‘Operational’ state. Th|s
is controlled either waiting for the heartbeat naggsor waiting for the reply of a RTR
requested node guard message.

NMT_Veri fy_Sof t war e

Optional BOOL

FALSE

Ox1F81, Sukode_lI d, Bit 5

TRUE, FALSE

If set to FALSE the application software versiomifigation for this node is not required.
If set to TRUE application software version veitfion for this node is required.

NMT_Al | ow_Sof t war e_Updat e BOOL

Optional
FALSE

Ox1F81, Sukode_|I d, Bit 6

TRUE, FALSE

If set to FALSE the automatic application softwapelate (download) is not allowed. If set
to TRUE the automatic application software upddtavnload) is allowed.

Consuner _Heartbeat Tinme

Optional USHORT | 0x1016, Suiwde_I d, Byte 0-1

65535 0

Defines the consumer heartbeat time in ms. If withis interval no heartbeat message i
received from the remote slave the NMT master evélate a error monitoring event. The
consumer heartbeat time in ms configured for theTNivaster should be configured to a
higher value than the producer heartbeat time gargd for the remote slave by the

configuration manager to prevent frequent erroritooing events. If heartbeat monitoring
is configured for this remote node all configuratfor guarding is ignored.

)
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Devi ce_Type_ldentification

Optional | ULONG | 0x1F84, Sulode_Id

0x0..0xFFFFFFFF 0

This element allows to enter values for expectedcgeypes. On Boot-Up the Master
reads object 0x1000 of each assigned slave. I¥vtlige is 0, this read access only gives
information about the principle existence of a dewvith this Node-ID. If the value is not
0, it is compared against the value read from thecg and the boot-up for that device is
only continued on exact equality.

Vendor _I denti fication Optional ULONG Ox1F85, Sukode_I d

0x0..0xFFFFFFFF 0

This element allows to enter values for expectewoeid. Ifvendor _I denti fication is

not O the master will read object 0x1018, subintiex the remote node and will compare¢

this value against the value read from the deviibe.boot-up for that device is only
continued on exact equality.

14

Product _Code Optional ULONG 0x1F86, Sukode_I d

0x0..0xFFFFFFFF 0

This element allows to enter values for expectewoeid. IfProduct _Code is not 0 the
master will read object 0x1018, subindex 2 of gnm@ate node and will compare this valy
against the value read from the device. The bodbuthat device is only continued on
exact equality.

e

Revi si on_Number Optional | ULONG 0x1F87, Sulode_I d

0x0..0XFFFFFFFF 0

This element allows to enter values for expectedloeid. IfRevi si on_Nunber is not O

the master will read object 0x1018, subindex defremote node and will compare this
value against the value read from the device. Tw-bp for that device is only continue
on exact equality.

=

Serial _Number Optional ULONG O0x1F88, Sukode_Id

0x0..0xFFFFFFFF 0

This element allows to enter values for expectewoeid. IfSeri al _Nunber is not O the
master will read object 0x1018, subindex 4 of gnm@ote node and will compare this valy
against the value read from the device. The bodbughat device is only continued on

e

exact equality.

CANopen Manager
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DCF_File Optional | ASCII
DCF

DCEF file according to DS-306 that is used by thef@muration Manager to configure the
remote node. This file is translated internallyittte ‘Concise Configuration Format’
(CCF) defined in DS-302. For one Node_Instanceee#DCF file or a CCF file can be
defined. If no DCF file or CCF file is assignedtbh@ node the Configuration Manager can’t
configure the remote slave. Error control is onbggible if guarding is configured and th
remote slave supports passive guarding or if thete slave has a pre-configured
heartbeat time that matches the consumer heattbvesatonfigured for the NMT master.

11%

CCF_File Optional | ASCII

CCF file according to DS-302 that is used by thaf@oration Manager to configure the
remote node. A CCF file is already in a (binarynfat that describes the data stream th
Configuration Manager sends to the remote nodedofiguration. CCF files have to be
derived from DCEF files in an offline configuratistep. For one Node_Instance either a
DCF file or a CCF file can be defined. If no DGIe or CCF file is assigned to the node
the Configuration Manager can’t configure the reemslave. Error control is only possiblg
if guarding is configured and the remote slave sugppassive guarding or if the remote
slave has a pre-configured heartbeat time thathmatthe consumer heartbeat time
configured for the NMT master.

D

A1 %4

A d_Config_Style Optional BOOL
TRUE, FALSE FALSE

In DS-301 Rev. 4.x the configuration process foxd30vas described in detail the first
time. To configure the PDO mapping the Configurafitanager has to set the number qf
mapping entries to 0 before changing the PDO map@ome older CANopen devices
may have problems with this behaviour as they exjecnumber of mapping entries is
configured to the correct value before PDO Mapgnties are changed.

If this parameter is set to FALSE the the numbenapping entries is set to 0 before the
mapping entries itself are changed. The numberagfpimg entries is set to the correct
value afterwards to validate the configuration.

If this parameter is set to TRUE the correct vasueritten before the mapping entries
itself are changed.

This entry only has an effect to DCF files. As Cil€s are already in a format that
describes the data stream the Configuration Marnsgyes, changing configuration style
has to be indicated during offline conversion froQ@F files into CCF files.
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NMT_Reset _Node Optional BOOL

TRUE, FALSE FALSE

This parameter defines, if the initial NMT commandeset this node at the beginning of
the bootup procedure is thM T Reset Communication (as defined as only mechanism|
in the DS-302) or th&IMT Reset Node. This parameter is only evaluated if the nodetis
configured withNMr_Check_Nodest at e set to TRUE. This possible change from the
standard behaviour should only be enabled if alpaithNMT Reset Communication
causes problems with any of the CANopen slavesexed to this network.

-

Boot _Del ay Optional | USHORT
0 - 65535 200

This parameter defines the delay in ms the managis after a ‘NMT Reset
Communication’ or ‘NMT Reset Application’ for thisode before continuing with the
‘Start Boot Slave Process’. It is applied if thermager tries to restart the node as result of
an error monitoring event, if the application fadhe reset or the node is configured with
the ‘Keeping alive’ option (see paramet®m_Check_Nodest at e). In comparison to the
network specific parametebot _Del ay this time is part of thBoot _Ti ne configured for
this network.

SDO_Ti meout Optional | USHORT
0 - 65535 200 SDO_RX_TIMEOUT

If the object dictionary of the remote slave isd@a written by the CANopen manager
during bootup and configuration the operation fafter a timeout without an reply of the
slave. This parameter defines the timeout valuasn

SDO_Segnent ed_Si ze_I ndi cati on Optional | BOOL

TRUE, FALSE TRUE

According to DS-301 a segmented SDO download requay indicate the data set size pr
not in the SDO Download Initiate. If this parameteset to TRUE, the download size is
indicated to the remote CANopen node, which issemsible default for most CANopen
devices on the market. If this parameter is SEADSE the size isn't indicated to the
remote CANopen node during SDO Download Initiatsfead the last downloaded
segment is marked to indicate the end of transomssi
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3.2.5 Example configuration file

<?xm version="1.0" encodi ng="UTF- 8" ?>
<CANopen_Manager >
<Manager _| nst ance>
<Net _No>0</ Net _No>
<Baudr at e>500</ Baudr at e>
<Manager _Node_| d>127</ Manager _Node_I| d>
<Config_File_Path>./dcf</Config_File_Path>
<Boot _Ti me>20000</ Boot _Ti me>
<Hear t beat _Producer _Ti me>5000</ Hear t beat _Pr oducer _Ti ne>
<NMT_Mast er >TRUE</ NMT_Mast er >
<NMT_Start_Al | >STRUE/ NMT_Start _Al | >
<NMTI_Aut o_Qper at i onal >TRUE</ NMI'_Aut o_Oper at i onal >
<NMTI_Action_On_Error>STOP_ALL</ NMI_Action_On_Error>
<Node_|I nst ance>
<Node_ | d>1</ Node_I| d>
<NMT_SI ave>TRUE</ NMT_S| ave>
<NMTI_Mandat ory_S| ave>FALSE</ NMI_Mandat ory_S| ave>
<Quar d_Ti ne>0</ Guar d_Ti ne>
<Li fe_Ti nme_Factor>0</Life_Ti me_Factor>
<Consuner _Heart beat _Ti me>3000</ Consurer _Hear t beat _Ti ne>
<Devi ce_Type_l denti ficati on>0x00000191</ Devi ce_Type_l dentification>
<Vendor _l denti fi cati on>0x17</ Vendor _| denti fi cation>
<NMT_Check_Nodest at e>FALSE</ NMI_Check_Nodest at e>
<DCF_Fi | e>asynci o. dcf </ DCF_Fi | e>
</ Node_I| nst ance>
<Node_|I nst ance>
<Node_| d>2</ Node_| d>
<NMT_SI ave>TRUE</ NMT_S| ave>
<NMTI_Mandat ory_SI ave>FALSE</ NMI_Mandat ory_S| ave>
<Quar d_Ti ne>0</ Guar d_Ti ne>
<Li fe_Ti ne_Factor>0</Life_Ti me_Factor>
<Consuner _Heart beat _Ti me>3000</ Consurer _Heart beat _Ti ne>
<Devi ce_Type_l denti ficati on>0x00000191</ Devi ce_Type_l dentifi cation>
<Vendor _l denti fi cati on>0x17</ Vendor _| denti fi cati on>
<NMT_Check_Nodest at e>FALSE</ NMI_Check_Nodest at e>
<CCF_Fi | e>asynci 0. ccf </ CCF_Fi | e>
</ Node_I| nst ance>
<Node_I nst ance>
<Node_| d>3</ Node_| d>
<NMTI_S| ave>TRUE</ NMT_S| ave>
<NMTI_Mandat ory_SI ave>FALSE</ NMI_Mandat ory_S| ave>
<Quar d_Ti ne>2000</ Guar d_Ti ne>
<Li fe_Tine_Factor>2</Life_Ti me_Factor>
<Consuner _Heart beat _Ti me>0</ Consuner _Heart beat _Ti me>
<Devi ce_Type_l denti ficati on>0x00000191</ Devi ce_Type_l dentifi cation>
<Vendor _l denti fi cati on>0x17</ Vendor _| denti fi cation>
<NMT_Check_Nodest at e>FALSE</ NMI_Check_Nodest at e>
<DCF_Fi | e>asynci 02. dcf </ DCF_Fi | e>
</ Node_I| nst ance>
</ Manager _| nst ance>
</ CANopen_Manager >
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4. Manager API

4.1 Overview

The API consists of three groups of functions:

o Basic functions that have to be called to setupthaager.

o Optional functions that can be called by the ajaion to get more detailed information about
the managed nodes..

® Functions to access the remote nodes object dariyarr change their node state.

4.2 Basic manager initialization functions

The following procedure is necessary to setup ¢exd the manager.
1. Initializing the manager library witmcanOpenlnitialize().
2. Reading the configuration by callingcanOpenConfig().

3. Starting the manager by callinganOpenStart().

The following procedure is necessary to stop theagar.
1. Terminating the master by callingcanOpenShutDown().

2. Cleanup the library withmcanOpenCleanup().
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mcanOpenlnitialize()

Name: mcanOpenl nitialize() - Initialize the manager library
Call: int mcanOpenl nitialize(void);
Description: This function initializes the manager library. Thaction has to be called once

before any other API call.

Return: Success or error code described in the appendix.

mcanOpenCleanup()

Name: mcanOpenCleanup() - Cleanup the manager library
Call: int  mcanOpenCleanup(void);
Description: This function returns all resources that are atied¢dy the manager library

to the operating system. The function has to bedaince at the end of the
library usage.

Return: Success or error code described in the appendix.
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mcanOpenConfig()

Name: mcanOpenConfig() - Configuring the manager database.
Call: int mcanOpenConfig

char  *cfgFile

);

Description: This function reads the manager configurationditg-ile and all associated
DCF or CCFfiles for the project specific CANopeartwork setup. The CAN
controller will be initialized and all necessargoerces will be allocated.

Return: Success or error code described in the appendix.
mcanOpenStart()

Name: mcanOpenStart() - Start the manager.

Call: void mcanOpenStart(void);

Description: The function starts the manager daemon tasks vgeitip and start all nodes
in the CANopen network according to the configunatfile given with
mcanOpenConfig().

Return: N/A.
mcanOpenShutDown()

Name: mcanOpenShutDown() - Terminate the manager.

Call: int  mcanOpenShutDown(void);

Description: This function terminates the CANopen manager aedsfrall dynamically
allocated resources.

Return: Success or error code described in the appendix.

CANopen Manager
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Name:

Call:

Description:

Return:

mcanOpenGetVersion()

mcanOpenGetVersion() - Return the software-version number

int mcanOpenGetVersion

(

unsigned short *version

);
In parameter *version the current software-versia
Value range:
Bit 12...15 : level
Bit 8..11 :revision

Bit 0..7 : change

Success or error code described in the appendix.

mber is returned.
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4.3 Optional node control functions

The following functions are optional node controhétions that can be called by an application to
monitor the state of the remote nodes.

mcanOpenEvent()
Name: mcanOpenEvent() - Receive events from the manager
Call: int  mcanOpenEvent

(
EVENT_T *event,

int wait

);

Description: This functions has to be called by the applicatoreceive errors, warnings and
indications from the manager daemons. The appbicatan either block until the
manager indicates an event to the application tiypnggarametewait to 1 which
is typically done with a separate task or can fovlevents by setting parameter
wait to 0. In the structurBVENT _T which is initialized by the manager the event
type and additional parameter is stored:

typedef struct {
long event;
int net;
int node;
union {
char C;
unsigned char uc;
short S;
unsigned short us;
int I;
unsigned int ui;
long l;
unsigned long ul;
struct {
unsigned short index;
unsigned short subindex;
ERROR_T err,
} write;
char str[64];
} para;
} EVENT_T,;
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This structure has to be interpreted in the folloywvay:

The MSB of EVENT _T.event is set, if EVENT_T.neinwalid, the next is then
accordingly set, if EVENT_T.node is invalid.

The following 22 bits mark the valid parameterlog Union EVENT _T.para.
The least significant byte contains the messagebeumf the message field
corresponding to the parameter type. Flags andagessieeded to evaluate
‘event' are to be taken from 'mcanopen.h’ andligfarh’.

Example: EVENT_T.event = 0x00001022
EVENT T.net =1
EVENT T.node =5
EVENT_T.para.i =2

NET_NOT_VAL = 0x80000000
NOD_NOT_VAL = 0x40000000

PARA = Ox3FFFFFOO

0x00001022 & NET_NOT_VAL == ==>  EVENT _T.netis vali

0x00001022 & NOD_NOT_VAL == ==> EVENT_T.node is il

0x00001022 & PARA == 0x00001000 ==> EVENT_T.paraadid/

0x00001000 == PARA_I ==> EVENT_T.para.iis valid

0x00001022 & OxFF == 0x22 ==> |sbis 0x22, i.e. theeis
the 34th error with integer
parameter

Result: EVENT_T.net, Event_T.node, iParalnfo[OXZ2YENT_T.para.i

| | | |
Meaning: "Net: 1 Node: 5 guardingdtegerror no 2"

Return: Success or error code described in the appendix.
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mcanOpenGetNodeState()

Name: mcanOpenGetNodeState() - Return the current CANopen node state.
Call: int  mcanOpenGetNodeState

(

int net,

int nodel D,

int *state

)i
Description: This function returns the current CANopen nodeesti#t the nodenodeld on

logical CANopen netet. The state is returned in the parameter stateamtiave
the following numerical values:

Numerical value Node state
0x00 Offline
0x04 Stopped
0x05 Operational
Ox7F Pre-Operational

Return: Success or error code described in the appendix.
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4.4 Extended Functions

The extended functions can be used to read/wrtelifiect dictionary of CANopen nodes and to
force a change of node state.

Name:

Call:

Description:

Return:

mcanOpenReadSDO()

mcanOpenReadSDO() - Reading an object-directory entry

int  mcanOpenReadSDO

(
unsigned short  net,

unsigned short  modID,

int index,

int subindex,
void *puffer
int *len,
ERROR_T *error

);

As SDO client this function transfers the datéhefadbject dictionary entry defined
by index andsubindex from the remote moduleodid into the memory of the
caller given by the parameteuffer. The available buffer size has to be indicated
by the caller in the parametkan. If the operation was successfully completed
buffer contains the data ameh contains the number of bytes received.

If the remote node given hyodld is managed by the master the internal SDO
handle is used for SDO transfer otherwise a newdleais opened for this
operation and closed afterwards. The receive amdnit timeout for the internal
handle can be configured individually for each nosligh the parameters
SDO_TX_TIMEOUT and SDO_RX_TIMEOUT in the managenfiguration file.
The default RX/TX timeout for nodes not managedhg/master is 200 ms.

If the function returned with the error code MCALBART DOMAIN the
following structure that has to be provided by ¢h#er with the parameterror
which is used to return the abort codes definddSA301.

typedef struct{
unsi gned char ecl ass;
unsi gned char code;
unsi gned char spec;
unsi gned char gl obal
} ERROR T;

Success or an error code listed in the appendix.
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mcanOpenWriteSDO()

Name: mcanOpenWriteSDO() - Writing an object-directory entry

Call: int  mcanOpenWriteSDO

(
unsigned short  net,

unsigned short  modID,

int index,
int subindex,
int type,
void *buffer
int len,
ERROR_T *error
)i
Description: As SDO client this function writes the content loé ata buffebuffer into the

object directory ofnodID into the entry defined biyndex andsubindex.

The parametdype specifies the data type. The following table corgt#he list of
supported data types and their default transfex. siz

Type descriptor Transfer sizein bytes
TYP_CHAR 1
TYP_INTS8 1
TYP_INT16 2
TYP_INT32 4
TYP_UINTS 1
TYP_UINT16 2
TYP_UINT32 4
TYP_FLOAT 4
TYP_VIS_STRING N/A
TYP_OCT_STRING N/A
TYP_DATE 6
TYP_TIME_OF_DAY 6
TYP_TIME_DIFFERENCE 6
TYP_DOMAIN N/A

If you want to transmit data with an arbitrary syzaei have to provide the length
of the buffer with the paramethan.
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Return:

If the transfer size of the buffer is less thanyteb the expedited SDO transfer
mode instead of the segmented SDO transfer modesdd. In addition the
parameter type can be logically ord with TYP_INICATE_SIZE or
TYP_INDICATE_NO_SIZE to determine that the datnsfer size is indicated
to the SDO server during initialization of the S@@nsfer or not. The default
behaviour idength indication for expedited transfer ama length indication for
segmented transfer.

If the remote node given hyodlid is managed by the master the internal SDO
handle is used for SDO transfer otherwise a newdlears opened for this
operation and closed afterwards. The receive amsmnit timeout for the internal
handle can be configured individually for each nosigh the parameters
SDO_TX_TIMEOUT and SDO_RX_TIMEOUT in the master figaration file
(see page ?). The default RX/TX timeout for node#shmanaged by the master is
2000 ms.

If the function returned with the error code MCALBART_DOMAIN the
following structure that has to be provided by ¢h#er with the parameterror
which is used to return the abort codes definddSA301.

t ypedef struct{
unsi gned char ecl ass;
unsi gned char code;
unsi gned char spec;
unsi gned char gl obal
} ERROR T;

Success or an error code listed in the appendix.
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mcanOpenNodeControl()

Name: mcanOpenNodeControl() - Requesting the control over a remote node
Call: int  mcanOpenNodeControl

(

int net,

int nodelD,

long flags

)i
Description: Obsolete function, present for API backward contyliy.
Return: Always success.
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mcanOpenStartNode()
Name: mcanOpenStartNode() - Start a remote node
Call: int  mcanOpenStartNode
(
int net,
int nodelD
)i
Description: This functions starts the remote noeeleld on CANopen networket.
Return: Success or an error code listed in the appendix.
mcanOpenResetNode()
Name: mcanOpenResetNode() - Reset a remote node
Call: int  mcanOpenResetNode
(
int net,
int nodelD
)i
Description: This functions resets the remote nowdeld on CAN networknet.
Return: Success or an error code listed in the appendix.
mcanOpenEnter Preop()
Name: mcanOpenEnter Preop() - Make remote node enter Pre-Operational
Call: int  mcanOpenEnter Preop
(
int net,
int nodelD
)i
Description: This functions makes the remote naddeld on CAN networknet enter the node
state Pre-Operational.
Return: Success or an error code listed in the appendix.
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mcanOpenStopNode()
Name: mcanOpenStopNode() - Stop the remote node
Call: int  mcanOpenEnter Preop
(
int net,
int nodelD
)i
Description: This functions makes the remote nodeld on CAN networknet enter the node

state Stopped.

Return: Success or an error code listed in the appendix.
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5. Additional Tools

The CANopen libraries come with three commandtawds to manage CANopen configuration files.
If the target operating system doesn’t supportisetited development usually these distributionsecom
with the Win32 versions of these tools.

For a list of arguments and options start the watilout parameters on the command line.

5.1 dcftest

The dcftest tool is intended to verify DCF or EDI® fvith respect to the related standard /3/. The
CANopen manager library is using the identical paso you can check beforehand if the network
bootup fails because of errors in a DCF configorafile.

The manager ignores all problems which are inditatea warning by the dcftest tool.

5.2 dcf2ccf

The dcf2ccf tool is intended to convert a DCF filéo a file in the Concise Configuration Format
(CCF) which is specified in /2/. The advantagehas format is the very compact representation ef th
configuration data and the faster network bootughasnanager can skip the time consuming step of
parsing the configuration file in DCF format.

5.3 ccfread

The ccfread tool is intended to show the contefas@®ANopen device configuration file in the binary
CCF format.
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6. Appendix

6.1 Error Codes

The following tables list the possible error cotled can be returned by the manager library AR$cal
They are divided into three groups:

® Error codes of the driver.
® Error codes returned by reading the DCF files.
® General master error codes.

When evaluating return values you should nevethis@umerical values but should always use the

constants defined for this error codes.

MCANOPEN_OK
Success (no warning or error).

Severity Success

Description | The operation was executed without any errors.

Function All functions

MCAL_CAN_RX TIMEOUT
RX timeout for CAN receive operation

Severity Application specific

Description | The application performed an operation to receata dfom a
remote node but the receive operation timed oig.dpplication
specific if this is an expected behaviour or aoerr

Solutions If this behaviour is not expected:
* Check remote node.

¢ Check cables.

* Check baudrate.

Function mcanopenReadSDO()
mcanopenWriteSDO()
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MCAL_CAN_TX_TIMEOUT
TX timeout for CAN transmit operation

Severity Error / Warning

Description | The application performed an operation to transiait to a remote
node but the transmit operation timed out. Thearedsr this
behaviour could be a very high CAN bus load calse@AN
messages with a higher priority or a communicagioor.

Solutions ¢ Check cables.
+ Check baudrate.

Function mcanopenReadSDO()
mcanopenWriteSDO()
mcanopenStopNode()
mcanopenStartNode()
mcanopenResetNode()

MCAL_CAN_TX_ERROR
TX error in CAN transmit operation

Severity Error

Description | The application performed an operation to transiait to a remote¢
node but the transmit operation timed could nopddormed. The
reason for this behaviour is a communication error.

Solutions ¢ Check cables.
* Check baudrate.

Function mcanopenReadSDO()
mcanopenWriteSDO()
mcanopenStopNode()
mcanopenStartNode()
mcanopenResetNode()
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MCAL_CAN_CONTR_OFF_BUS
Error in CAN transmit operation

Severity Error

Description | The application performed an operation to transiait to a remote
node but the transmit operation could not be peréal as the CAN
controller is in BUS OFF state due to too many ingxerror
frames.

Solutions Try again later as driver will try an automaticoeery. If an
recovery is not possible you must check your cahtkif all
remote nodes using the same baudrate.

Function mcanopenReadSDO()
mcanopenWriteSDO()
mcanopenStopNode()
mcanopenStartNode()
mcanopenResetNode()

MCAL_CAN_CONTR_WARN
Error in CAN transmit operation

Severity Error

Description | The application performed an operation to transiaia to a remote
node but the transmit operation could not be peréat as the
controller is in warning state due to too many nese error
frames.

Solutions Try again later as driver will try an automaticoeery. If an
recovery is not possible you must check your cahtkif all
remote nodes using the same baudrate.

Function mcanopenReadSDO()
mcanopenWriteSDO()
mcanopenStopNode()
mcanopenStartNode()
mcanopenResetNode()
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MCAL_CAN_CONTR_BUSY
Error in CAN transmit operation

Severity Error / Warning

Description | The application performed an operation to transiaia to a remotg
node but this transmit operation could not be perédl as the last
transmit operation for this Id was not completed.

Solutions » Decrease update frequency in your application.
* Use flag TX_DONE_PDO in PDO definition.

Function mcanOpenWriteSDO()
mcanOpenReadSDO()

CANOPEN_DCF_INIT_ERROR
Error during initialization

Severity Error

Description | A DCF file could not be opened.

Solutions * Check paths and filename in master configuratilen f
» Check access rights on host.

Function calMSart()
mcanopenConfig()

CANOPEN_DCF_OUT_OF_MEMORY
Error during initialization

Severity Error

Description [ Not enough memory to process a DCF file.

Solutions Increase memory size that can be utilized by th&l@#en master.

Function calMSart()
mcanopenConfig()
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CANOPEN_DCF_WRONG_NODE_ID
Error during initialization

Severity Error

Description [ The node id given in the master configuration difel given in the
DCF file in section [Device Commissioning] differ.

Solutions Use same module id’s.

Function calMSart()
mcanopenConfig()

CANOPEN_DCF_WRONG_BAUDRATE
Error during initialization

Severity Error

Description | The baudrate given in the master configurationditd given in the
DCEF file in section [Device Comissioning] differ thre baudrate is
not a valid CANopen baudrate.

Solutions » Use same baudrates in configuration and DCF file.
» Use standard baudrate.

Function calMStart()
mcanopenConfig()

CANOPEN_DCF_MISSING_SECTION
Error during initialization.

Severity Error

Description | A required section is missing in the DCF file.

Solutions Check and correct DCF file. Use the tdoftest for more details.

Function calMSart()
mcanopenConfig()

CANopen Manager Software Manual « Doc. No.: C.2002.21 / Rev. 2.3 Page 39 of 47



CANopen Manager

CANOPEN_DCF_MISSING_ENTRY
Error during initialization

Severity Error
Description | A required keyword is missing in a section of themile.
Solutions Check and correct DCF file. Use the tdoftest for more details.
Function calMSart()

mcanopenConfig()

CANOPEN_DCF_WRONG_PARAMETER
Error during initialization

Severity Error
Description | A parameter of a certain keyword is invalid or ririgs
Solutions Check and correct DCF file. Use the tdoftest for more details.
Function calMSart()

mcanopenConfig()

CANOPEN_DCF_OUT_OF_RANGE
Error during initialization

Severity Error
Description | The value of a parameter is out of range accorttintg data type.
E.g. the value of an unsigned char parameter stgréhan 256.
Solutions Check and correct DCF file. Use the tdoftest for more details.
Function calMSart()
mcanopenConfig()
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CANOPEN_DCF_OUT_OF_LIMITS
Error during initialization

Severity Error

Description | The value of a parameter is out of range accorttirije given
limits with keywordHighLimit andLowLimit.

Solutions Check and correct DCF file. Use the tdoftest for more details.

Function calMSart()
mcanopenConfig()

CANOPEN_DCF_DOUBLE_SECTION
Error during initialization

Severity Error

Description | A section name is not unique within the DCF file.

Solutions Check and correct DCF file. Use the tdoftest for more details.

Function calMSart()
mcanopenConfig()

CANOPEN_DCF _DOUBLE_KEYWORD
Error during initialization

Severity Error

Description [ A keyword name is not unique within the scope eéetion in the
DCF file.

Solutions Check and correct DCF file. Use the tdoftest for more details.

Function calMSart()

mcanopenConfig()
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CANOPEN_DCF_UNKNOWN_KEYWORD
Error during initialization

Severity Error
Description [ An unknown keyword was found in the DCF file.
Solutions Check and correct DCF file. Use the tdoftest for more details.
Function calMSart()
mcanopenConfig()

CANOPEN_DCF_WRONG_NET_NO
Error during initialization

Severity Error

Description | The static tables of the master are too small idigore a node on
this net number.

Solutions Choose a lower number for this network.

Function calMSart()
mcanopenConfig()

CANOPEN_DCF_WRONG_MODULE_NO
Error during initialization

Severity Error
Description | The module number is out of the valid range 0 < lthad128.
Solutions Choose a correct module number.
Function calMSart()
mcanopenConfig()

MCAL_PARA_ERROR
Invalid parameter

Severity Error

Description | One or more parameter of a function call were iigval
Solutions Compare parameter value with ranges given in theuada
Function All functions

MCAL_SYS_ERROR
Internal error
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Severity Error

Description | An internal data structure that is necessary ferafon was not
initialized or could not be initialized.

Solutions » Compare order of initialization with manual.
« If an initialization file is given check if thelé exist and users
access rights for the file are sufficient for theemtion.

Function All functions

MCAL_NO_NET
Net number invalid

Severity Error

Description [ The CANopen master is not initialized at all oreatain net is not
initialized.

Solutions » Compare order of initialization with manual.

* Check if the net is registered in the master gumrhtion file.

Function All functions

MCAL_OBJ_NO_MEMORY
Error allocating a resource

Severity Error

Description | Allocating a resource like memory or a synchronarabbject that
is necessary to complete the operation failed.

Solutions Increase the available memory for the CANopen masteess.
Function calMSart()

mcanopenConfig()

mcanopenStart()
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MCAL_DOWNLOAD_ABORT_SLAVE
A slave aborted a CAL configuration

Severity Error
Description | A CAL slave aborted the configuration download.
Solutions Check CAL slave manual.
Function calMSart()
mcanopenConfig()
mcanopenStart()

MCAL_WRONG_SLAVE_ANSWER
Error during CAL configuration

Severity Error
Description [ A CAL slave produced a protocol error during CAlnfiguration.
Solutions Check CAL slave manual.
Function calMSart()
mcanopenConfig()
mcanopenStart()

MCAL_WRONG_SERVER_ANSWER
Protocol error

Severity Error

Description | An answer of a SDO server was wrong with respetitédSDO
protocol.

Solutions Check manual of remote CAL/CANopen slave.

Function mcanopenReadSDO()
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MCAL_TOGGLE_ERROR
Protocol error

Severity Error

Description | An answer of a SDO server was wrong with respetiiedSDO

protocol.
Solutions Check manual of remote CAL/CANopen slave.
Function mcanopenReadSDO()

mcanopenWriteSDO()

MCAL_BUFFER_OVERFLOW
Insufficient memory

Severity Error

Description | The memory that was provided by the caller wasffitsent to
keep all the date that was received by the SDCeserv

Solutions Increase memory to store data.

Function mcanopenReadSDO()

MCAL_ABORT_DOMAIN
Protocol error

Severity Error

Description | The SDO server of a remote CANopen node abortettansfer.

Solutions Check error code returned by the call and the masfube remote
CANopen slave to find out the reason of the eraodition.

Function mcanopenReadSDO()
mcanopenWriteSDO()
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MCAL_NODE_NOT_EXISTEND
Unknown node

Severity Error

Description | A remote node with a given module id is not mandgethe
master for the given net.

Solutions Check if node is registered in the master confitjoinefile and is
correctly configured during startup.

Function mcanopenGetNodel nfo()
mcanopenGetNodeState()
mcanopenNodeControl()
mcanopenResetNode()
mcanopenStartNode()
mcanopenStopNode()

MCAL_WRONG_GUARD_ID
Guard identifier out of range

Severity Error

Description [ The identifier for node guarding is out of rangéhwiespect to the
CAL or CANopen draft standard.

Solutions Compare valid range in standard with given valueanfiguration
file.
Function calMSart()

mcanopenConfig()

MCAL_NEW_GUARD_PARA
Guard identifier mismatch

Severity Warning

Description [ The identifier of a CANopen slave for node guardiigen in
configuration file and given in DCF file differ.

Solutions Use the same identifier or use only DCF file tofagure guarding
information.
Function calMSart()

mcanopenConfig()
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MCAL_NODE_NOT_FREE
Getting node control failed

Severity Warning / Error

Description [ Taking over the node control for a given node g@ivan net was
not possible as the CANopen master itself is aaogsse node at

the moment.
Solutions Try taking over the node control later.
Function mcanopenGetNodeControl ()
MCAL_NO_EVENT
Event queue empty
Severity Warning

Description | If the master event queue is polled this is ancaiiton that the
event queue is empty at the moment.

Solutions N/A

Function mcanopenEvent()

MCAL_UNSUPPORTED
Unsupported operation

Severity Warning / Error

Description | The operation could not be performed as this sergicinsupporte(
in this version of the CAL/CANopen master.

—_

Solutions N/A

Function N/A
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