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Preface

1 Preface

This manual describes the functions and technipatifications of
the CANopen 10-C12 module.

Further information on CANopen can be found in #ppropriate
technical documentation.

Declaration of the Electro Magnetic Conformity for the

CANopen 10-C12

The CANopen |O-C12 (henceforth product) is designéar
installation in electrical appliances or as dedidaEvaluation Boards

(i.e.: for use as a test and prototype platformHardware/software
development) in laboratory environments.

Note:

It is necessary that only appropriately trainedspenel (such as
electricians, technicians and engineers) handléoaraperate these
products.

SYS TEC products fulfill the norms of the Europe&mion’s
Directive for Electro Magnetic Conformity only irc@rdance to the
descriptions and rules of usage indicated in tlasdWware manual
(particularly in respect to the connectors, powannector and serial
interface).

Implementation of SYS TEC products into target aggpions, as well
as user modifications and extensions of SYS TE@uymxts, is subject
to renewed establishment of conformity to, and iftestion of,
Electro Magnetic Directives. Users should ensurefaonance
following any modifications to the products as wasdlimplementation
of the products into target systems.

L-1046e_7 © SYS TEC electronic GmbH 2013 1
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Introduction to the CANopen 10-C12

2 Introduction to the CANopen 10-C12

The CANopen 10-C12 module was desined to provideaay way to
access and configure digital and analog I10s rematsing the
standardized CANopen protocol.

The CANopen 10-C12 module features the completetfanality of

a CANopen Slave device. The CANopen conformandadssed by
the CiA (CAN in Automation e.V.) is in progress.

The present version of the CANopen [0-C12 suppbt8it

identifier (CAN 2.0B passive). The firmware suppatte standard
Device Profile according tGiA DSP401,the Communication Profile
according taCiA DS301 V4.0land the Indicator specification
according to CiA DR303-3 V1.0. The CANopen C12ubyf
configurable via CAN and features the non-voladii@age of all
configuration data.

2.1 Technical Highlights

» CANopen device according to CiA standard DS401

* non-volatile storage of configuration data

« Easy configuration of CAN-bus bitrate via 'S8 DIP-Switch

» Configuration of CAN node address via easy accessiEX-
encoding switches

 All inputs and outputs feature LED indicators

« 24 digital inputs, 24VDC, seperated in groups ofputs each,
each group galvanic isolated to another

» 3 digital inputs, 24VDC, galvanic isolated

* 4 Relay outputs 250VAC/ 2A

» 16 transistor buffered outputs 24VDC/ 0,5A, pluagching,

protected against short-circuit

4 analog inputs, 10-bit resolution, 0...10 V

2 analog outputs, 8 Bit resolution, 0-10 V

! LSS Layer Setting Services according to CiA stasidiA DSP-305

L-1046e_7 © SYS TEC electronic GmbH 2013 3
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2 PWM' outputs, 0-24V/ 0,5 A, LowSide Switch, open Caitec

short-circuit proof

» galvanic isolated high-speed CAN Bus interface, GAs driver
supports up to 64 nodes on one bus

» RS232 interface, used for firmware update

* Internal power supply, 24 VDC/0,5A +20%

2.2 Device Pinout

Relais Al |AO |PWM|DI IDO VIO

RELO | REL1 | REL2 | REL3 AGND AGND | VIO 8G9G 10G [7G4 5 6 7/7G 12 13 14 15| VIO

0 1 2 3 01] 01 242526 |7G0 1 2 3/7G8 9 10 11|L+ 7G

X500 X600 X301 X400 X402 X401
e o6 o o o o e o o o o e 6 o o o e o o o o

CIIE A © o o o o o \@ e o o o @ e o o o (@ @ 0o o o El
Boot Reset Pow@ @ Run Digitallnput 2 @ @ @

o ® @ Error | PWMO | Analog Output 00O O|. (0]

[Reiay 0@ @ @ | pigital output 0 OO OO 1 OO OO : 000012 0000 |
|Digial ot 00 @@ 010000 0000:0000 000020000 |

5YS TEC CANopen 10-C12

e o 0 o o o o 0 0 o6 0o 0 0 0|0 0 0 o o
@ © o o o o o © © o o o[ © 0 o ¢||® @ o o o
X101 X100 X1 X200 X201 X300
RS232 reserved L+ 0G 2G4 56 714G 12 13 14 15/6G 20 21 22 23 24
ASCO/ 1 CAN VCPU 1G0 12 3/3G8 9 10 11|5G 16 17 18 19 20
Figure 1: Device pinout

1 PWM : PulseWidth M odulation

4 © SYS TEC electronic GmbH 2013  L-1046e_7
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2.3 Connector description

On every connector pin 1 is marked with a circlenatined egde.

For two rowed connectors the pinout is definedodlswing:

B e o o o o
A |® o o o o
1 2 3 4 5
Figure 2: Pinout for two rowed connectors

For the RJ-11 connector the pinout is defined Asviing:

T 1T T
6

Figure 3:

Pinout for the RJ-11 connector

2.4 Pin Assignment and Description

Interface Process Name Pin Label
power supply CPU| VCPU, +24VDC X1.1 L+
Ground GND_VCPU X1.2 0G
power supply for |VIO, +24VDC X401.1 L+
I0s Ground GND_VIO X401.2 7G
ASCO0, RS-232 TxD, RS232 level X101.2
interface for GND X101.3
firmware update |RxD, RS232 level X101.4
CAN-bus reserved X100.5A
CAN H X100.4A
reserved X100.3A
CAN L X100.2A
CAN_GND X100.1A
Ground GND_VCPU X1.2
Digital Inputs common ground DIO...DI3 X200.1A| 1G
DIO..7 DIO X200.2A |0

L-1046e_7 © SYS TEC electronic GmbH 2013
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DI1 X200.3A |1
DI2 X200.4A |2
DI3 X200.5A |3
common ground DI4..DI7 X200.1B 2G
Dl4 X200.2B | 4
DI5 X200.3B | 5
DI6 X200.4B | 6
DI7 X200.5B |7
Digital Inputs Common ground DI8..DI11 X201.1A| 3G
DI8..15 DI8 X201.2A |8
DI9 X201.3A |9
DI10 X201.4A | 10
DI11 X201.5A | 11
Common ground DI12..DI15 X201.1B| 4G
DI12 X201.2B | 12
DI13 X201.3B | 13
DI14 X201.4B | 14
DI15 X201.5B | 15
Digital Inputs Common ground DI16..DI19 X300.1A| 5G
DI16..23 DI16 X300.2A | 16
DI17 X300.3A | 17
DI18 X300.4A | 18
DI19 X300.5A | 19
Common ground DI20..DI23 X300.1B| 6G
DI20 X300.2B | 20
DI21 X300.3B | 21
D122 X300.4B | 22
DI23 X300.5B | 23
Digital Inputs DI24 X301.3A | 24
DI24..26 Ground D124 X301.3B | 8G
DI25 X301.4° 25
Ground DI25 X301.4B | 9G
DI26 X301.5° 26
Ground DI26 X301.5B | 10G
Digital Outputs Common ground GND VIO X400.1A | 7G
DOO0..7 DOO X400.2A | O
DO1 X400.3A | 1
DO2 X400.4A | 2
DO3 X400.5A | 3
Common ground GND VIO X400.1B 7G
DO4 X400.2B | 4
DO5 X400.3B | 5

© SYS TEC electronic GmbH 2013 L-1046e_7
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DO6 X400.4B | 6
DO7 X400.5B | 7
Digital output Common ground GND_VIO X402.1A | 7G
DO8..15 DOS8 X402.2A | 8
DO9 X402.3A | 9
DO10 X402.4A | 10
DO11 X402.5A | 11
Common ground GND_ VIO X402.1B| 7G
DO12 X402.2B | 12
DO13 X402.3B | 13
DO14 X402.4B | 14
DO15 X402.5B | 15
PWM outputs PWM output O X301.1A | PO
+24VDC IO X301.1B | VIO
PWM output 1 X301.2A | P1
+24VDC IO X301.2B | VIO
Analog Inputs AlO X600.1A |0
AlO0..3 Common ground GND_VCPU X600.1B| AGNDO
All X600.2A |1
Common ground GND VCPU X600.2B| AGNDO
Al2 X600.3A |2
Common ground GND VCPU X600.3B| AGND
Al3 X600.4A |3
Common ground GND VCPU X600.4B| AGNDO
Analog Outputs |AOOQ X600.5A | 0
AOO0..1 Common ground GND VCPU X600.5B| AGNDO
AO1 X600.6A |1
Common ground GND_VCPU X600.6B| AGNDQ
Dry-Contact RELO C X500.1
Outputs RELO NO X500.2
(Relay) REL1 C X500.3
REL1 NO X500.4
REL2 C X500.5
REL2 NO X500.6
REL3 C X500.7
REL3 NO X500.8
REL3 NC X500.9
Table 1: Pin assignment for all connectors

L-1046e_7 © SYS TEC electronic GmbH 2013
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2.5 Board Configuration

There are two input units available to configure @ANopen 10-C12
module.

— 8-position DIP-Switch

— HEX-encoding Switches

Their usage for configuring the module is describethe following
sections.

2.5.1 DIP-Switch S202

The 8-position DIP-switch (S202) is located on tbpside of the
CANopen IO-C12 module. Four of these switches anabl
configuration of the CAN bitrate. The valid CAN iaite is stored in
the module. Any changes made on DIP-switches becatie after
reboot of the CANopen C12 module.

It is also possible to set the bitrate via LSS @ra$etting Services).
The bitrate configured via LSS is also non-volasilered and become
available after rebooting the device. If a valideywisly stored
configuration was found the device ignores the Bltch settings.
Find more information on how to reset the configiora in section
2.5.3

[T

Figure 4:  DIP-switch

8 © SYS TEC electronic GmbH 2013  L-1046e_7
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The following table gives an overview of the possibonfigurations
for bitrate:

DIP-switch Bitrate
1 2 3 4 5 6 7 8 kBit/s
OFF | OFF| OFF| OFF| OFF| OFF| OFF| OFF 1000
ON | OFF| OFF| OFF| OFF| OFF| OFF| OFF 800
OFF | ON | OFF| OFF| OFF| OFF| OFF| OFF 500
ON | ON | OFF| OFF| OFF| OFF| OFF| OFF 250
OFF | OFF| ON | OFF| OFF| OFF| OFF| OFF 125
ON | OFF| ON | OFF| OFF| OFF| OFF| OFF 100
OFF| ON | ON | OFF| OFF| OFF| OFF| OFF 50
ON | ON | ON | OFF| OFF| OFF| OFF| OFF 20
OFF | OFF| OFF| ON | OFF| OFF| OFF| OFF 10
OFF | OFF| OFF| OFF| OFF| OFF| OFF| ON 1000

Table 2: Configuration of CAN Bit Rate

All bitrates shown inTable 2 are defined in the CiA standard
DSP-305 V1.01. Invalid DIP-switch configurationseandicated by
the ERROR LED (see section 7.13). DIP8 = ON is mesgk for
production only, must not use.

2.5.2 HEX-encoding Switch

The CANopen IO-C12 module is equipped with two HE&Xcoding
switches marked S200 (MSB) and S201 (LSB). The th©X-
encoding switches are intended for configuratiomppses prior to
operation.

These switches are used for setting up the nodeessldwhen
integrating the CANopen IO-C12 into a CANopen neatwoThis
network type requires a unique node number for aadividual
control unit connected to the CANopen system. Assag the same
node number to two different devices will result fanctional
problems. Please note that the node numbers OOH=80H are
reserved and must not be used. The node addredsréesl —on the
device at power-on after the settings were changled. ERROR Led
indicates configuration errors (see section 7.18)e node address

L-1046e_7 © SYS TEC electronic GmbH 2013 9
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can also be set via L&3WVhen using LSS the node address is stored
on the device.

If an valid perviously stored configuration is dahle the HEX-
encoding switches are ignored at power-on.

Figure 5 shows the assignment of MSB and LSB to the single
switches.

Figure 5:  HEX-encoding Switch S200 and S201

Figure 6shows the positions of the single HEX-encodingahveas for

assigning node address 62H 0§28
MSB LSB

Figure 6:  Example for node address 62H

ATTENTION!
If the number FFH is selected at power-on, the naddress arjd
bitrate stored on device get marked invalid.

Select a new node address and bitrate. After thé p@wver-on th
selected configuration is stored on the device.

U

! LSS — Layer Setting Service according to CiA steadd>S305

10 © SYS TEC electronic GmbH 2013  L-1046e_7



Introduction to the CANopen 10-C12

Knoten-| Knoten-| Knoten-[ Knoten-| Knoten-| Knoten-| Knoten-| Knoten-
nummer| nummer| nummerl nummer, nummer nummer nummer| nummer
dez hex dez hex dez hex dez hex
1 1 33 21 65 41 97 61
2 2 34 22 66 42 98 62
3 3 35 23 67 43 99 63
4 4 36 24 68 44 100 64
5 5 37 25 69 45 101 65
6 6 38 26 70 46 102 66
7 7 39 27 71 47 103 67
8 8 40 28 72 48 103 68
9 9 41 29 73 49 104 69
10 0A 42 2A 74 4A 106 6A
11 0B 43 2B 75 4B 107 6B
12 oC 44 2C 76 4C 108 6C
13 oD 45 2D 77 4D 109 6D
14 OE 46 2E 78 4E 110 6E
15 OF 47 2F 79 4F 111 6F
16 10 48 30 80 50 112 70
17 11 49 31 81 51 113 71
18 12 50 32 82 52 114 72
19 13 51 33 83 53 115 73
20 14 52 34 84 54 116 74
21 15 53 35 85 55 117 75
22 16 54 36 86 56 118 76
23 17 55 37 87 57 119 77
24 18 56 38 88 58 120 78
25 19 57 39 89 59 121 79
26 1A 58 3A 90 5A 122 7A
27 1B 59 3B 91 5B 123 7B
28 1C 60 3C 92 5C 124 7C
29 1D 61 3D 93 5D 125 7D
30 1E 62 3E 94 5E 126 7E
31 1F 63 3F 95 5F 127 7F
32 20 64 40 96 60
Table 3: list of node addresses in hexadecimaldeuaimal notation

2.5.3 Restore factory default settings

To restore the factory default settings on the CA&DI0-C12 the
number FFH has to be selected on the HEX-encodmgles and
power-on or reset has to be performed. All previustored
configuration data (node-address, bitrate) will dedeted. Also all
changes made to the Object dictionary are resetted.

L-1046e_7 © SYS TEC electronic GmbH 2013 11
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2.6 CAN Interface

The CAN Bus transceiver used is galvanic isolatesnfthe CPU.
Power for the CAN-bus transceiver is supplied bg tn-board
DC/DC converter.

CAN Bus Cable

It is recommended to use a twisted pair CAN budesakrminated
with a resistor of 124 Ohm between CAN_H and CANatLboth
ends. According to CiA recommendation DRP 303-1GA& ground
line should be included and connected.

Please refer to the corresponding CiA standards ftother
information.

Recommended cable profiles according to the CiAndsdad
CiA DRP 303-1:

Cable profile | Specific max. length in m max. length in m
resistance | (safety margin 0.2) (safety margin 0.1)
n=32 n=64 | n=100] n=32| n=64| n=100

0.25 mm? 70 mMQ/m 200 170 150 230 200 170

0.5 mm? <40 mM/m |360 310 270 420 360 320

0.75 mm? <26 M/m |550 470 410 640 550 480

Table 4: Maximum cable length depending on cabtgilerand number of
connected nodes

If the number of nodes grows above 64 or the chdrigth is longer
than 250m, the pecision of the supplied voltage tloe CAN
tranceiver PCA82C251 need to be better then 5%.

The connector’'s contact resistance should be 2.510.. mQ
[CIA DRP 303-1].
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2.7 Technical Specification
Environmental Parameters Typical Maximum
power supply Vcpu 24VDC +20%
Vio 24VDC +20%
Current lcpu 0.180mA
consumption lio 0.180mA
(inactive 10s)
Temperature RangeStorage temperature
20°..470C
Operating temperature 0°..450C
Protection class Housing IP20
Weight without any cable and packing 3509
Dimensions Width 160mm
Height 75mm
Depth 95mm
Connector type Spring type connector
Table 5: Environmental Parameters
Communication Interfaces \ Min. |Max.
CAN-Bus
CANO Bitrate 10kBit/s 1Mbit/s
Max. number of nodes 64
CAN-H, CAN-L short-circuit-proof towards 24V
RS-232
ASCO | Baudrate | 1200Baud | 38400Bdud
Table 6: Communication Interfaces
/O-configuration | |
Digital Output DOO .. 15
24VDC Output Uon at loy = 500 mA Mo-0,16V < Wby <Vio
(ngh Side SWItCh) UoLat lop =0 mA 0.5V
Current limitation by max 625mA
Max. current 8A
loL(ofh 10uA
torf at by = 500 MA 115us 19Qus
ton at by = 500 MA 75us 125us
Digital Outputs RELO .. 3
Relay output Switching Voltage 250AC
(changer)

L-1046e_7 © SYS TEC electronic GmbH 2013
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Switching Current 6A
Durability (mech.) 1x10
ton 5ms
toft 2,5ms
Isolation 4kV
Digital Inputs DIO .. 23
24VDC-Inputs, Ui 15V 30V
pulse switching UL -3V 5V
I 3mA 8,5mA
Analog Inputs AIO .. 3
0..+10V Measurement range, U 0..+10.107V| +1.0%
+ 1LSB
Destructive voltage Unax >30V

Input resistance R

115.18K2 +0.1%

Physical Resolution | 10Bit
PWM outputs 0..1
24VDC-PWM- UpL at lo. = -500mA <1V
Output (Low Sidelone 20pA
SW|tCh) loH max 0.6A
ton at lo = -500mMA 2.9us
torf at lo = -500mMA 3.9us
PWM  Frequency maxl15Hz 11,5kHz
(CAN bit rate =10kBit)
PWM  Frequency maxl15Hz 15kHz
(CAN bit rate >10kBit)
Analog Outputs AOO .. 1
0..+10V Voltage Range Y 0—-+10.35V| +1.0%
+ 1LSB
Output currentd 30mA
Output capacity 10nF
Physical Resolution 8 Bit
Table 7: IO configuration
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3 Commissioning and configuration of the
CANopen 10-C12

3.1 Power Supply

The CANopen 10-C12 needs an operating voltage d\VEXC for the
CPU core board and the 10 board. Power has to baeobed to
VCPU und VIO éee Figure 1

3.2 CAN Interface

The CANopen I0-C12 module features a MBO90F543 naiontroller
with integrated FULL CAN interface.

The CAN interface is galvanic decoupled and brought to
connector X100.

The pinout for the X100 connector is assigned dsviing:
CAN_HIGH - X100.4A
CAN_LOW - X100.2A
CAN_GND - X100.1A

Using a SUB-D9 plug the signals have to be conueasefollowing:
(according to CiA)

connector pin Signal SUB-D9 pin
X100.4A —->CAN_HIGH -S> PIN7

X100.2A —->CAN LOW > PIN2

X100.1A —->CAN_GND - PIN 6 and/or PIN 3

(according to CiA standard DS 301 for Communication Profile)

At this point the CANopen 10-C12 is ready for conmiaation.

L-1046e_7 © SYS TEC electronic GmbH 2013 15



CANopen 10-C12

3.3 Relay contact

The following Figure show the assignment betweensymbols and
the relay contact.

COM NO NC

~

Figure 7:  Description of relay contact (NO normatipen and change over
contact)

3.4 Interface connection digitalen Output

The following Figure show the connection of loacheghside Switch
for transistor outputs up DOO to DO15.

(  Qvio|

‘ DOx

‘ / Load
s

‘7G
—

‘ -
7G

Figure 8:  Example connection digitalen outputs
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3.5 Interface connection PWM Output

The following Figure show the connection of loadatside Switch
for PWM outputs up PO to P1.

‘ ‘ |~ Load

L 7G|

Figure 9:  Example connection PWM outputs
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4 QuickStart

This section describes basic start-up of the CANd@eC12. It

assumes basic knowledge of CANopen networks. dt i@quires, that
the CANopen |IO-C12 is properly connected to the Chbs and
power is supplied to the CANopen 10-C12. Pleaer to sections 5
and6 for basic description of CAN and CANopen.

4.1 Start-Up of the CANopen 10-C12

All values in the Object Dictionary (OD) are prenfigured with
default-values. Hence, start-up configuration & @ANopen 10-C12
iIs not necessary. The CANopen |IO-C12 supports tAdNdpen
Minimum Boot-Up. Following reset and internal iaiization, the
board is in PRE-OPERATIONAL stateefer to section 7.3 PRE-
OPERATIONAL Upon receipt of a single message
(Start_Remote_Nojdlehe board switches to OPERATIONAL state
(refer to section 7.4 OPERATIONAL

11-bit CAN Identifier 2 Byte Data
0 0x01h Node ID

The first data byte contains the Start commandleathe second byte
contains the node addredsode ID. If you specify the value 00h
then all nodes in the network (Broadcast) are estiart

4.2 Shut-Down of the CANopen 10-C12

All node activity can be stopped by receipt of the
Enter_Pre_Operational _Statenessage. This message consists of the
following:

11-bit CAN Identifier 2 Byte Status Data
0 0x80h Node ID

TheNode-IDidentifies the node-addressddode-ID = O0Ohaddresses
all devices on a network (Broadcast).
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When in “PRE-OPERATIONAL“ state, SDO-Transfer isillst
possible. All configuration parameters are thenwaga and “frozen”
as they were in their most recent active state.

Note: CANopen configuration tools, such as the CANopen
Configuration Manager (CCM) or CANopen Device
Monitor (CDM) always use SDO-Transfer to access the
CANopen device. Thus, those tools also can worknwhe
the device is in state “PRE-OPERATIONAL".

4.3 CAN Message and Identifier

According toCiA Draft Standard 301, a specific CAN identifier is
assigned to each CAN message containing process ¢Ratocess-
Data-Object - PDO). The CAN identifier for inputchoutput data is
derived from the node address.

CAN-Identifier (hex) Data type

180H + node id 1. Tx PDO
280H + node id 2. Tx PDO
380H + node id 3. Tx PDO
200H + node id 1. Rx PDO
300H + node id 2. Rx PDO
400H + node id 3. Rx PDO

Table 8: CAN ID for Different PDO Types
4.4 PDO Mapping for I/O’s

The PDO mapping of the available 1/0O's dependshenstlected 1/0O
configuration. In the default mapping, th® Bx PDO and the 3Rx
PDO are invalid. This results in the following argement of 1/0Os
and PDOs:

Byte number | 1. Tx PDO 2. Tx PDO 1. Rx PDO 2. Rx PDO
0 DI O0..7 DO 0..7 AO 0

1 DI 8..15 AlO DO 8..15 AO 1
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2 DI 16..23 All REL 0..4 invalid
3 Dl 24..26 invalid invalid
4 invalid Al 2 invalid invalid
5 invalid invalid invalid
6 invalid Al3 invalid invalid
7 invalid invalid invalid

Table 9: PDO Mapping for 1/O's

The CANopen I0-C12 also supports variable PDO mappilrhis
allows for free mapping of inputs to Tx PDOs andfXOs to output
lines. Such free mapping settings can be savedhén an-board
EEPROM by writing to index 0x1010.

45 Board Reset

Following each board reset, the CANopen |IO-C12 dmgits an
Bootup message without data content. Temporarpesisson of
CANopen I0-C12 activity and subsequent restart lmarrecognized
without Nodeguardingrefer to section 4.6 Node Guarding)he
transmitter of this message will be detected byGA&l identifier.

11-bit CAN Identifier 1 Byte Data
700h+ Node_ID 00N

4.6 Node-Guarding

Nodeguardingand Lifeguarding functions monitor operation of the
CANopen network. Distributed peripheral CAN deviceme
monitored via Nodeguarding, while the Lifeguardirfgnction
supervises the guarding Master. To realize Nodefjugrthe Master
requests a cyclic status message from the slavesndkhis status
request is initiated with a Remote frame message dbntains only
the status data. The RTR-Bit (Remote Transmit Rseg®it) is set
for this reason.

11-bit CAN Identifier 1 Byte Data
700h + Node_ID Node-Guarding
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Following transmission of the Remote-Frame messé#uye, Slave-
nodes responds with a status message consistihggfe of service
data.

11-bit CAN Identifier 1 Byte Data
700h + Node_ID X

The data bytes within status message further qom@taoggle bit that
IS supposed to change after each message. Shauldtatus and
toggle bits not correspond to the message pattepected by the
Master, or should no response to a message foltbes, Master
assumes a Slave malfunction. If the Master requegtic guard
messages, a Slave node can recognize shut-dovre dfidster. This
Is the case if the Slave does not receive a messagest from the
Master within the pre-configureldfe Time The Slave then assumes
failure of the Master, sets its inputs into Errdats, transmits an
Emergency message and switches it®-Operationalstate.

The Life Time Factoris configured within the Object [100D] and is
multiplied by theGuard Time[100C]. This results in theife Timeof
the "Nodeguard Protocol". The time base of thestesyls 1 ms. The
Guard Timespecifies how much time must elapse betweenNade-
Guardingmessages. Thefe Time Factornndicates how many times
theGuard Timecan elapse before an error is generated.

Default Values:

Life Time Factor O
Guard Time 0 ms.
Life Time 0 sec.
Example Values:

Life Time Factor 3

Guard Time 1000 ms.
Life Time 3 sec.
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5 Controller Area Network — CAN

5.1 Communication with CANopen

The Controller Area Network (the CAN bus) is a sgkrdata

communications bus for real-time applications. CA&s originally

developed by the German company Robert Bosch fer insthe

automotive industry. It is a two-wire bus systerattprovides a cost-
effective  communication bus alternative to expeasivand

cumbersome harness wiring. CAN operates at dats rat up to

1 Mbit per second and has excellent error detediwh confinement
capabilities. On account of its proven reliabikyd robustness, CAN
iIs being used in many other automation and indalsépplications.

CAN is now an international standard and is docuseenn 1SO

11898 (for high-speed applications) and ISO 1138 6wer-speed
applications) documents.

CANopen is a higher-layer network protocol basedr@nCAN serial
bus system, specifically, it is a software-levebtpcol standard for
industrial communication between automated devi€SNopen is
authorized by the User and Manufacturers’ Group NCAN
Automation e.V.” (CiA) and adheres to ISO/OSI stamts.

CANopen unleashes the full power of CAN by allowahigect peer to
peer data exchange between nodes in an organizadrdmical
manner. The network management functions specifiec@ANopen
simplify project design, implementation and diagadsy providing
standard mechanisms for network start-up and emesragement.

CANopen supports both cyclic and event-driven comigation. This
makes it possible to reduce the bus load to a numjmwhile still

maintaining extremely short reaction times. Highmeaunication
performance can be achieved at relatively low baaids, thus
reducing EMC problems and minimizing cable cos&NGpen is the
ideal networking system for all types of automatethinery. One of
the distinguishing features of CANopen is its suppr data
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exchange at the supervisory control level as welaecommodating
the integration of very small sensors and actuatwrsthe same
physical network. This avoids the unnecessary esgai gateways
linking sensor/actuator bus systems with higher roamcation

networks and makes CANopen particularly attracttee original

equipment manufacturers.

CANopen Advantages

* Vendor-independent open-source structure

» Universal standards

» Supports inter-operability of different devices

* High speed real-time capability

* Modular - covers simple to complex devices

» User-friendly - wide variety of support tools adile

* Real-Time-capable communication for process datiowut
protocol overhead;

* a modular, configurable structure that can be tadldo the
needs of the user and his or her networked apjaicat

* Interbus-S, Profibus and MMS oriented-profiles

CANopen Features

» Auto configuration of the network

» Easy access to all device parameters

« Device synchronization

» Cyclic and event-driven data transfer

» Synchronous reading or setting of inputs, outpuisanameters

In addition to its designation as a physical CANela standard,
CANopen is a “layer-7 protocol” implementation ofAC and is
defined by the CANopen Communications Profile il ©S-301.

CAL, in turn, is based on an existing and proveotguol originally

developed by Philips Medical Systems. CAL is an liappon-

independent application layer that has been spécifind is also
maintained by the CAN in Automation (CiA) user gpou
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5.2 CAN Application Layer

The CAN Application Layer (CAL) supports variouspdipations and
the integration of CAN hardware from different vensl A CAL
implementation consists of four blocks, each ofchihtan operate as
network Master and Slave.

CAN Message Specification (CMYS)
CMS defines the communication objects, such as iphexed
variables, Events and Domains.
» Variables: serve data exchange of basic messages
 Events: handle the activity of specifically defthevents,
such as switches and transmission of asynchronous
messages
 Domains: support transmission of data packagegidahan
the maximum eight bytes of a standard CAN
message

CMS further regulates the communication structusgwken the
object targets.

Network Management (NMT)

NMT implements network management functions for NM&ster

and NMT-Slave. These functions support start-ugph éxpansion of a
network, as well as Error supervision (Lifeguardimgd prevention
of bus overload.

Distributor (DBT)

DBT supports the use of CAN nodes from various wesidhrough its
automatic assigning of message identifiers. The {MEEter/Slave
functions enable administration of a global datasidbafor
communication objects (COBSs) of varying prioritagses.

Layer Management (LMT)

LMT assigns parameters to the lower layers of datamunication,
such as timing parameters of CAN nodes or managerobra
manufacturer code by node name designation.
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5.3 CANopen — Open Industrial Communication

The following Special Interest and Working Groupaé developed
the CAL-based CANopen communication profile:

- SIG Distributed 1/0 — Chairmanshgel ectron
- SIG Motion Control - Chairmanshiport

and the Working Group (WG)
- WG Higher Layer Protocols

The CiA DS 301 CANopen standard derived from thsuits of the
ASPIC ESPRIT project. The communication profile atdses in
detail how data are exchanged over the CAN bus dbase the
functions provided by CAL. This data can be sort@d two main

types:

. Process data
. Service data

Process data is real-time data generated by a netdi@evice. This
data is transmitted via a Process Data Object (PDie CANopen
communication profile determines how a PDO fundienthin CAL

communication objects, as well as which protocol used for
transmission of data. PDOs can be used simultahebysmultiple

networked devices, hence enabling broadcast opagati

Service data are used to configure and establisanders for
networked devices. Service data directly commuaitatthe Object
Dictionary of each device and are transmitted usf®gvice Data
Objects (SDO).

The CANopen communication profile also determinesvhthese
objects are connected and which CAL functions argtices can be
used. An SDO can only be used between two netwodedces,
typically a configuration Master and another devibat is to be
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configured. The SDO-Transfer is also capable offiomation of
message receipt.

Each individual networked device provides sevefaDB and SDOs.
This enables configuration of multi-master networiks addition to
typical single Master / multiple Slave networks.

In addition to data classes, CANopen defines thengonication
classes that describe:

. Synchronized communication
. Event processing
. Communication initialization

CANopen also defines device profiles that descrthe basic
functions of networked devices. These device @sftonsist of the
following two primary components:

. Functional Description
. Operational Description

The Functional Description of a device is represented by functional
blocks and data flows. Descriptive parameters &ned in the Object
Dictionary. Each Object Dictionary has a pre-dedinstructure.
Hence, parameters for networked devices of a certgpe (for
instance 1/O modules or drives) are always locateithe same place
within an Object Dictionary. Parameters can be sifesl as
mandatory, optional and manufacturer-specific.

The Operational Description of a device is described by state flow
diagram (efer to Figure 10 in Section 9.9

Device Profiles are standardized for:

* Generic I/O Modules CIA DS 401
digital I/O's
analog I/O's

* Drives and Motion Control CiA DSP 402
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Servo drivers,

Step motors and

Frequency transformers
» Measurement Devices and

Closed Loop Controllers CiA DSP 404
 |EC61131-3 Programmable

Devices CIA DSP 405
 Encoder CIA DSP 406
* Inclinometer CIA DSP 410

Please refer to the CAN in Automation homepagewv.can-cia.org
for up-to-date information of available device pied. All device
profiles correspond to the DRIVECOM Profile with ®Aspecific
modifications to enable multi-master capability.

Software for CANopen Slave functions is based awises for data
exchange and network management as defined in @#idards. In
particular only certain parts of CAL have been iempénted in
CANopen, such as standards for Multiplexed-Domaiarsfer for
SDOs and Stored Event-Transfer for transmissidPDs.

28 © SYS TEC electronic GmbH 2013  L-1046e_7



CANopen Communication

6 CANopen Communication

6.1 CANopen Fundamentals

Open fieldbus systems enable design of distribuetevork systems
by connecting components from multiple vendors s/miinimizing

the effort required for interfacing. To achieve apen networking
system, it is necessary to standardize the varitayers of

communication used.

CANopen uses the international CAN standard, 1S@981as the
basis for communication. This standard coversadiet two layers of
communication specified by the OSI model. Based tlis, the
CANopen profile family specifies standardized comication
mechanisms and device functionality for CAN-basgdtesns. The
profile family, which is available and maintained/ lCAN in
Automation e.V. (CiA) consists of the Applicatiorayer and
communication profile (DS 301), various frameworkand
recommendations (CiA DS-30x) and various devicdileso(CiA DS-
40x).

The network management functions specified in CAdogimplify
project design, implementation and diagnosis byiping standard
mechanisms for network start-up and error managemen

CANopen is the ideal networking system for all typd automated
machinery. One of the distinguishing features ofNOfen is its

support for data exchange at the supervisory cblavel as well as
accommodating the integration of very small senao actuators on
the same physical network. This avoids the unnacgssxpense of
gateways linking sensor/actuator bus systems witlghen

communication networks and makes CANopen partigukttractive

to original equipment manufacturers.
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6.2 CANopen Device Profiles

CANopen profiles are defined for communication inACDraft
Standard 301, for I/O Modules in CiA Draft Stand4fill, for Drives
and Motion Control in CiA Draft Standard 402 and fncoder in
CiA Draft Standard 406. Other profiles are in prepan.

The profiles of a CANopen device are stored in@igect Dictionary
(OD) in a defined manner. The Object Dictionary a@ges the objects
using a 16-bit index. This index can be furtherdsuioled with an 8-
bit sub-index. All entries are summarized withiogps.

For example, the Communication profile is locatethdex 1000h to
1FFFh,

Certain types of object entries are mandatory; retlage optional or
manufacturer-specific. The following types of oltgeare available:

* Domain a variable number of data

» Deftyp a definition entry, such as unsignedl16

o Defstruct record type, such as PDO mapping

* Var an individual variable

o Array a multiple data field, whereby each indivad data
field is a simple variable of the same type

» Record a multiple data field, whereby the dat&lf are any

combination of simple variables

With structured entries, subindex 0O indicates thmlper of following
subindices.

6.3 Communication Profile

The interface between application and CANopen devic clearly
defined by a uniform communication profile based GAL. The
CANopen communication protocol defines several w@sh for
transmission and receipt of messages over the Céd\ imcluding
transfer of synchronous and asynchronous messa@eardinated
data exchange across an entire network is possipleneans of
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synchronous message transmission. Synchronougrdatder allows
network wide coordinated data exchange. Pre-defboatmunication
objects, i.e. SYNC Objects transmitted on a cytlhee period and
Time Stamp objects support synchronous transfesgnéhronous or
event messages may be transmitted at any time [eovd @ device to
immediately notify another device without havingwait for the next
synchronous data transfer cycle.

6.4 Service Data Objects

Network management controls communication and @eprofiles of
all networked devices. For this type of accessiserdata objects
(SDO) are used. In CANopen devices, all paramedads variables
that are accessible via CAN are clearly arrangedthm Object
Dictionary.

All objects in the Object Dictionary can be readl/an written via

SDOs. SDO represent a peer-to-peer communicatiotweke

networked nodes. This access occurs accordingedvultiplexed

Domain protocol, whereby the index and subindexhef addressed
objects are used as a multiplexor. This protocolbased on
handshaking.

Individual parameters are addressed using a 1é6wbatx and an 8-bit
subindex addressing mechanism. In this mode datkagas may be
larger than 8 bytes using multiple CAN messadésssages smaller
than 5 bytes can be transferred with a transmisstnowledgement.
The owner of the Object Dictionary is the servethe domain. Read
and write accesses via SDOs are supervised by ANoen server
and are checked for validity.

A variety of access restrictions must be taken axtoount, such as;
Read only, Write onlgndNo PDO mappingError messages provide
detailed information on any access conflicts. ServData Objects

(SDOs) are normally used for device configuratiachs as setting

device parameters. They are also used to defintgypleeand format of

information communicated using the Process Data ]
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6.5 Process Data Objects

A Process Data Object (PDO) is a CAN message whatsecontents,
identifier, inhibit time, transmission type and CMSiority are
configurable via entries in the Object DictionaBDO format and
data content of the message may be fixed or dyrayiconfigured
using SDO data transfers. PDOs do not contain aplicg protocol
overhead, hence enabling very fast and flexibleharge of data
between applications running on each node. HeRD€) transfers
are typically used for high speed, high priorittadaxchange. Data
size in a PDO message is limited to 8 bytes or. IBEO‘s can be
transmitted directly from any device on the netwsirkultaneously to
any number of other devices. Data exchange acro§€Aldopen
network does not require a bus Master. This mudticapability is
one of the unique features of CAN and is fully exigd in CANopen.

PDO entries start at index 1400h for receipt olsjectd at 1800h for
transmission objects. CANopen permits cyclic anéngcontrolled
communication. The type of transfer indicates thanner of the
reaction to the SYNC message; while the inhibittisithe minimum
time that must elapse between two transmissiorthefDO. PDOs
reduce the bus load to a minimum, achieve a hifgrnmation flow-

rate and can be accessed via remote frames.

A simple CANopen device usually supports four PDDkese are
initialized with preset identifiers. Additional P3@an be designated,
yet to avoid message collison they may be set ith(deactivated).
This deactivation is configured by setting the M8 31) in the
identifier of the PDO.

The message identifier can be found in the Objactidhary under
the entry for communication parameter in subindeRiL30 indicates
if remote request for this PDO is enabled (bit 30)=or not. Bit 29
configures the CAN frame format, bit 29 = 0 indestll-bit
identifier.
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Bit 31 30 29 28 -11 10-0
11-bit-1D | 0/1 0/1 0 000000000000 | 11-bit

000000 Identifier
29-bit-ID | 0/1 0/1 1 29-bit Identifier

Table 10:  COB-Identifier (Communication Target Qibjielentifier)

The transmission types in subindex 2 can be corddywithin a
range of 0 to 255. The values 0 to 240 define tihattransfer of the
PDO is in relation to the SYNC message. The valuedizates that
current input values are only transmitted uponvatriof a SYNC
message and if the requested input value has ctangalues
between 1 and 240 indicate that the PDO is tramsthiipon arrival
of a corresponding number of SYNC messages. Thesd4l to 251
are reserved. The values 252 and 253 are intendigdfa remote
objects. For value 252, data is updated but natstreited upon
receipt of the SYNC message. The value 253 updddéts upon
receipt of the remote request. Values 254 and 285used for
asynchronous PDOs. The release of these asynclsoRBDOs is
manufacturer or Device Profile-specific.

The inhibit time is stored in multiples of 100 sumnsignedl16-values
at subindex 3.

At subindex 4, the priority group for this partiaulPDO is defined.
The priority group is only effective in case DBT ngees
(communication object identifier distribution sex®s) are executed.
Depending on the supported subindices, subindex$l be set to the
applicable value.
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PDO settings must correspond to the 1/O profilesul

» the first transmit and receipt PDO is used for exge ofdigital
data;

* the second transmit and receipt PDO is used fohange of
analog data.

If a CANopen device does not support digital inpotoutputs, it is
recommended that the first transmit and receipt PE@ains unused.
If a CANopen device does not support analog signélsis
recommended that the second transmit and recei RE&nains
unused.

6.6 PDO-Mapping

A unique mapping entry exists for each communicaf@arameter
entry of a PDO. This mapping entry is located ire tBbject
Dictionary 200h above the corresponding commurocaparameter
entry for this PDO. This mapping table correspotmlsPDO data
contents. The requirement for PDO mapping is thesgmce of
variables in the Object Dictionary that are capalflenapping. For
example, digital outputs at index 6200h and digitgluts at index
6000h can be mapped. These values can also bedsetad out via
SDO. However, in order to use the benefits of thENCbus, the
variables of a CANopen device are put in PDOs.

The mapping of variables is organized as follows:
All mapping entries are 4 bytes in size. The nundfesbjects to be
mapped is written to subindex 0. Each followingiadkex contains a
reference to the index and subindex of variabled #eir length
stored in “Bit“. For example:

60000108h

» reference to index 6000
e subindex 1
* length 8 bits

In this example the value of the digital input nslicated by the first
byte of a transmit PDO. For most CANopen devicesppmg occurs
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with a granularity of eight (8). This means thanaximum of eight
entries per byte is possible for a mapping table.

In special cases mapping of bit objects can be . It is also
advisable to sometimes exclude areas from mappiogexample, a
CANopen device might evaluate only the fifth byfead®DO. In this
case, 2 unsignedl6 dummy objects are inserted ennthpping
identity, if supported by the CANopen device. A peqg table can
be used to appropriately configure communicatiomaipgters to
encode a PDO for transmission or to decode a reddtDO.

PDO Mapping Example

All network variables can be transferred by PDOsicW can transmit
a maximum of 8 bytes of information. The allocatiminvariables to

PDOs is defined by mapping tables. These variadnesaddressable
via the Object Dictionary. Reading and writing afities to the

Object Dictionary occurs by means of Service Dalge€is (SDO),

which are used to configure the network by meansa adpecial

configuration tool.

This process is illustrated below Trable 11 Inputs 2 and 3 of device
A are to be transferred to the outputs 1 and 3 edfice B. Both
devices support complete mapping.
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Device A:
1000H Device Type
6000H,1 Input 1, 8 Bit
6000H,2 Input 2, 8 Bt
6000H,3 Input 3, 8 Bit\

Transmit PDO Mapping %amet

1A00H,0| # of Entries )

2 %
1A00H,1| 1.Map Objeg\ 60000208H
1A00H,2 | 2.Map Objedt¥ 60000308H

Transmit PDO Communication Parameter:

1800H,0 # of Entries 2
1800H,1] COB-ID 501
1800H,2] Trans.Type 255

Resulting PDO:

COB-ID DATA
501 Output 1 Output 3

Table 11: PDO Mapping Example

Transmit and receive PDOs utilize the same CANtiflen501. Thus
device B automatically receives the PDO transmithgddevice A.
The recipient, device B, interprets the data inoetance with its
mapping scheme; it passes the first byte at outpamd the second

byte at output 3. These correspond to inputs 23ndspectively of
the transmitting device A.
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6.7 Error Handling

Each node in the network is able to signal erratest as far as they
are detected by the hardware and software. Erradlday is enabled
by Emergency Objects. Internal fatal error statesemcoded in error
codes and sent only once to the other nodes. &ratrors occur, the
node remains in error state and transmits a newdganey Object. If
the error is recovered, the node then transmitsreor message with
the codeNo error. The Emergency message consists of 8 bytes,
whereby the first and second bytes contain additiorformation that
is found in the device profiles. The third byte taons the contents of
the error register; while the remaining five bytesntain
manufacturer-specific information. The EmergencyoErcode is
stored in object [1003h], thHere-Defined Error Field This creates an
error log that chronologically sorts errors. Theest error is situated
at the highest subindex.

Byte 0 1 2 3 4 5 6 7
Content| EmergencyError Register{ Manufacturer Specific Error
Error Code |Object [1001] |Field

Table 12: Emergency-Message Contents

6.8 Network Services

In addition to services enabling configuration asata exchange,
various CAN network services also support moni@rah networked

devices. NMT (network management) services reqair®de in the
network that assumes the functions of the NMT-Mast&€he NMT-

Master services include initialization of NMT-Slayeistribution of

the identifiers, the node monitoring and networktoay.

6.8.1 Life-Guarding

Optional node monitoring is achieved hyife-Guarding. The NMT-

Master periodically transmits a Lifeguard messagé¢he Slave. The
Slave responds to the Lifeguard message with arrretoessage
indicating its present status and a bit that togdbetween two
messages. Should the Slave not respond or indaratenexpected
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status, the NMT-Master application is informed bgams of a status
message. Moreover, the Slave can detect failutheoMaster Life-
Guardingis started with the transmission of the initialss&ge from
the Master.

6.8.2 Heartbeat

Similar to Lifeguarding, the Heartbeat function as additional

network supervisory service. But unlike the Lifegliag, the

Heartbeat does not require a NMT-Master. Only CAdloplaves are
able to function as Heartbeat Producer and Conslmeeause they
provide an Object Dictionary in order to store Heartbeat times.

6.8.3 Heartbeat Producer

The Heartbeat Producer cyclically sends a Heartbhesisage. The
configured Producer Heartbeat time (16-bit — vafuens), located at
index 1017h, will be used as an interval time.Hhistinterval time
expires, a message with the following contents bellsent:

Byte 0 1...7
Content| Producer State reserved

Table 13: Heartbeat Message Structure

The COB-ID that is used is 0700h + the node number.
The Hearbeat Producer gives its status, which carary of the
following values, in the first byte of the message:

00h BOOTUP

04h STOPPED

05h OPERATIONAL

7Fh  PRE-OPERATIONAL

The Heartbeat Producer is deactivated when theupsydHeartbeat
time is set to 0.
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6.8.4 Heartbeat Consumer

The Heartbeat Consumer analyzes Heartbeat messagefrom the
producer. In order to monitor the Producer, the stomer requires
every producers’ node number, as well as the coasuteartbeat
time.

For every monitored Producer, there is a corresipgnsub-entry that
has the following contents:

MSB LSB
Bit 31-24 23-16 15-0
Value 00h Node-ID Consumer Heartbeat Time

Table 14:  Structure of a Consumer Heartbeat TimgyEn

The Consumer is activated when a Heartbeat meskagebeen
received and a corresponding entry is configuretthenOD. If one of
the activated Heartbeat times expires during anvedteartbeat
consumer without receipt of a corresponding Heaitbgessage, then
the consumer for this producer is deactivated.

The Heartbeat consumer is completely deactivatecenwhhe
consumer Heartbeat time is given a value of 0.

6.9 Network Boot-Up

The NMT-Master is responsible for booting of théwwmk. The boot
procedure takes place over several steps. Accordinipe type of
networked CANopen device, the identifier defaulbs pre-defined
values (for minimum CANopen devices) or is confegirvia DBT

services. The pre-defined configuration for thenideer values

include Emergency Objects, PDOs and SDOs. Theseacelated

according to node addresses, which can be locatiseebn 1 and 128
and are added to a base identifier that deterntimegunction of an
object.
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Bit 10 7 |6 0
COB-ldentifier

Function Cod&Device-ID
Table 15: Calculation of the COB-Identifier fromethode Addresses

This base identifier is determined as follows:

Object Resulting COB-I[ Resulting Communication
[hex] COB-ID Parameter at
[decimal] Index

EMERGENCY| 80h + Device-ID| 129 — 255
PDO1 (tx) 180h + Device-I[D385 — 511 1800h
PDOL1 (rx) 200h + Device-1D513 — 639 1400h
PDO2 (ix) 280h + Device-1D641 — 767 1801h
PDO2 (rx) 300h + Device-1D769 — 895 1401h
PDO3 (ix) 380h + Device-1D896 — 1022 | 1802h
PDO3 (rx) 400h + Device-1D1025 — 1151| 1402h
SDO (tx) 580h + Device-101409 — 1535
SDO (rx) 600h + Device-1D1537 — 1663
Nodeguard 700h + Device-I[1793 — 1919| (100Eh)

Table 16: Base ldentifier

Configuration data can be loaded on Slave devizethe pre-defined
SDO. PDOs can be transmitted after nodes are sein fr
Pre_Operational to Operational state by the NMT service
Start_Remote_NodeMinimum CANopen devices also support the
Stop_Remote_Node Enter_Pre-Operational_State Reset Node
Reset_Communicatioservices. As indicated in Figure 3, networked
nodes automatically entdPre_Operationalfollowing boot-up and
initialization. TheReset _Nodservice completely resets target nodes.
Reset_Communicatiaesets communication parameters.
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Power On or Hardware Reset
|
@
v

4 I

Initialization

(14) (1) (1)

(13) w (10)

Pre-Operational
(12) )
‘ ™

Y
5
@ ©®)

Stopped
3 ®) 4&
% ®

Figure 10: State Diagram of a CANopen Device
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A A A

/
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L Operational

State transitior] Action required

(1) following "Power On", automatically switches ir
"Initialization" state

(2) "Initialization" finished, automatically switchesito
"Pre-Operational” state

(3),(6) NMT service "Start Remote Node"

(4),(7) NMT service "Enter_Pre-Operational State"

(5),(8) NMT service "Stop Remote Node"

(9),(10),(11) | NMT service "Reset Node"

(12),(13),(14) | NMT service "Reset Communication"

Table 17:  Description of State Flow Diagram Symbols
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For networked devices operating in a network withmghout DBT
capabilities, it is necessary to reserve the ifientfor “minimum
devices" in the database of the DBT-Master.

Extended Boot-up is based on CAL specificationse @ibvice states
Pre-Operationalandinitializing have been implemented in addition.

6.100Dbject Dictionary Entries

Beside the parameters for the PDOs, a number ofiauaial entries in
the Object Dictionary belong to the data that dyeai CANopen
device. The communication profile contains suclbrnmfation as:

» the device type at index [LO00H];

» the error register at index [1001H];

» the Pre-Defined Error Field at [1003H];

» the identifier of the SYNC message at [1005H];

» the device name at [1008H],

» the hardware and software version of the manufactatr [1009]
and [100AH];

* the node address at [100BH];

* the parameter Guard-Time at [100CH] and

» the parameter Life-Time-Factor at [LOODH].

In the device type, information about the impleneeintlevice profile
and the capabilities of the device is encoded. drher register gives
information about internal errors of the devicee fire-defined error
field provides an error log. In case the Guarddinand
Life-Time-Factor are unequal to Zero, the multipiadues result in
the Life Time of the CANopen device for the node nmaring
protocol.
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6.11 Input/Output Assignment to Object Dictionary Entrie s

The CANopen IO-C12 allows an easy configuration &ospecific
CANopen application. The fixed number of inputs adputs on the
CANopen 10-C12 makes easy configuration of Prod2sts Objects
(PDOs) possible. Both digital and analog inputsyal as the digital
and analog outputs, are configured in accordante @iA standards.
Configuration of Object Dictionary Input/Output entriefor the

CANopen |0-C12according to data type, is shownTiable 18

Data Type | Index / Subindex |Size
Digital Input

DIO ... DI7 6000H / 1 BYTE
DI8 ... DI15 6000H / 2 BYTE
DI16 ... DI23 6000H / 3 BYTE
DI24 ... DI26 6000H / 4 BYTE
Digital Output

DOO ... DO7 6200H /1 BYTE
DO8 ... DO15 6200H / 2 BYTE
RELO ... REL3 6200H / 3 BYTE
Analog Input

AlO 6401H /1 WORD
All 6401H /2 WORD
Al2 6401H /3 WORD
Al3 6401H /4 WORD
Analog Output

AOQ 6410H /1 WORD
AO1 6410H /2 WORD

Table 18:  Object Dictionary Input/Output Entries

Note: After boot-up of the CANopen IO-C12, objects can be
accessed via SDOs. If the node isOperational state
objects can be accessed via PDOs. The default mgppi
parameters applies for Object Dictionary Input/Qutp
entries. Any modification of mapping parameters tan
done via SDO with the help of a network configurati

tool.
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7 CANopen I0-C12 Operation

7.1 CANopen State Transitions

The structure of messages that changes the stat€€aiNopen node
is as follows:

11-bit CAN Identifier 2 Byte Data
0 CSs NODE_ID

Node ID Node address; Node ID = 0 to address all devices
(Broadcast)
CS Command

Table 19 summarizesall NMT-Master messages used for status
control:

Command | Description Function State after

(cs) Execution

1 (01h) Start_ Remote | Starts the CANopen device |OPERATIONAL
Node and PDO transmission,

activates outputs

2 (02h) Stop_Remote | Stops PDO transmission, STOPPED or

Node renders outputs in error statel PREPARED
128 (80h) | Enter_Pre_ | Stops PDO transmission, SD®RE-
Operational_ |[remains active OPERATIONAL
State
129 (81h) | Reset _Node Executes a system Reset;| PRE-
Initial Start-up, resets all OPERATIONAL
settings to default values
130 (82h) | Reset Resets all communication PRE-

Communicatiorn parameters to deault values | OPERATIONAL

Table 190 NMT-Master Messages for Status Control
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7.2 Power On

After “Power-On”, the CANopen |O-C12 executes reqdi
initialization routines and switches inRye_Operationalstate.

7.3 PRE-OPERATIONAL

Process Data Objects (PDOs) are not activeren Operationalstate.
The default identifier for Service Data Objects (&) is available
and all necessary network configurations can bewrd via SDO.
At the end of the configuration process, the CANvobdevice can be
rendered intoOperational state. This can be done by the network
Master or by the user with the help of a networkfiguration tool.

7.4 OPERATIONAL

All Process Data Objects (PDOs) can be exchangeédpirational
state. Access via SDO is also possible.

7.5 STOPPED

Network communication is suspended in staf@®PPED This does
not affect the Node-Guarding and the “Heartbe#this was enabled
before. This state can be used to render the apiplicinto a “Safety
State“. In STOPPED state PDO, SDO, SYNC and Emergency
communication areNOT functioning. Leaving this state is only
possible with a NMT message.

7.6 Restart Following Reset / Power-On

Each Reset of the CANopen I0-C12 transmits an Eemaygmessage
without data contents. Temporary operational failuof the
CANopen IO-C12 and subsequent power-up of the dewate
detected without Node Guardingefer to Section 4.6Node-
Guarding, as the sending device can be determined by #ssage
identifier.
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The CANopen IO-C12 distinguishs betweédhoad” Start and
“Save” Start.“‘Load” _Start is necessary:

» for initial operation of the CANopen I0-C12 aftés delivery
« if the device parameters (Object Dictionary entrias RAM)
should be overwritten by default values

With “Load” _Start,all default CANopen I0-C12 Object Dictionary
entries are copied to RAM after Reset/Power On (feturer
default values).

The string “save” must be written to object [101CGH]subindex 1 in
order to carry out théSave” Start routine. WitHSave”  Start all
Object Dictionary entries are copied from nonvddatmemory to
RAM after a Reset/Power-On using the saved usarHapgalues. If
the bus Master or the user, by means of a netwamkiguration tool,
modifies Object Dictionary entries, then the magdifions are only
active as of the next RESTART"“bave” is written to object [L010H]
in subindex 1. This means that only the storedeslare valid after
the Reset/Power-On of the CANopen 10-C12. Theseesaare stored
then in the nonvolatile memory and do not get iasthe event of
power-down. ASave” Start can take up some seconds, because of
the copy operations.

All device parameters can be stored in the nonvelatemory using

object [1010H] in subindex 1. In order to prevenintended storage
of parameters in the’PROM device, a specigbave” signature must
be written to subindex 1. This 32-bit signaturel{@x format) appears
as follows:

MSB LSB
‘e’ V' ‘a’ S’
65h 76h 61h 73h

All device parameters can be reset to manufactdedault values
according to DS301 or DS401 standards via the oljexl1H] in
subindex 1. In order to prevent an unintended risdletwing a store
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instruction with the*'Save” signature, théLoad” signature must be
written to subindex 1. This 32-bit signature (irxliermat) appears as
follows:

MSB LSB
‘d’ ‘a’ ‘o’ I
64h 61h 6fh 6¢ch

In order to set the default values, a Reset/Powerfiust be
subsequently executed.

7.7 Functions of the digital Inputs

There are multiple trigger conditions selectabletii@ digital outputs.
These are defined in the Object Dictionary at In6e®5H, 6006H,
6007H and 6008H.

It is within the userd responsibility to make sumely one trigger
condition is activated per input. S€éable 18for the appropriate OD
enties of the digital inputs. The present statualbdligital inputs are
displayed by the LEDs located on the front-cover.

7.7.1 Global interrupt enabling of digital inputs 6005H

The OD entry 6005H enables PDO transmission foitalighputs in
asynchronous transmission type.
The default value is TRUE (1).

7.7.2 Interrupt Mask rising and falling edge - 6006H

This is the default setting for digital outputs.eTétate of the input is
transmitted over CAN at every change.

The default value for all digital inputs is 1.
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7.7.3 Interrupt Mask rising edge - 6007H

This is an optional setting for digital inputs. Tékate of the input is
transmitted over CAN at a change from "0" to "11yon

If an input is configured for this mask no othempuh must be
activated in Index 6006H or 6008H.

The default value for all digital inputs is O.

7.7.4 Interrupt Mask falling edge - 6008H

This is an optional setting for digital inputs. Tékate of the input is
transmitted over CAN at a change from "1" to "0Tyon

If an input is configured for this mask no othempuh must be
activated in Index 6006H or 6007H.

The default value for all digital inputs is 0.

7.8 Functions of the digital outputs

SeeTable 18for the appropriate OD enties of the digital ot he
present status of all digital outputs as well asrilay RELO..REL3
are displayed by the LEDs located on the front-covidhe error
behaviour is desbribed in secti8ri

7.9 Analog Input Operation

7.9.1 Handling Analog Values

This section provides general information on ddtaage of analog
values in a CANopen frame.

The CANopen Standard DS401 defines that all anaédges have to
be stored as 32-bit value aligned left with a sigh On the
CANopen I0-C12 all A/D-conversion values are stoveith 10-bit
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data. Consequently, for each analog channel, tva lo\ges must be
transmitted.

These data bytes are stored and transmitted oGANebus as shown
in Table 20

Byte 2 Byte 1
Sign 14 13 12 11 10 9 8 7 6 5 4 12|10
+/- | Bit9|Bit8|Bit7|Bit6|Bit5|Bit4 |Bit3|Bit2|Bit1|Bit0O| 0 |0| 0]0| 0

Table 20:  Storage of Analog Values
On the CAN bus, first byte 1 and then byte 2,anismitted.
7.9.2 Formula for Calculating the Analog Input Value

The formula listed below is used to calculate aage value of an
analog input from the A/D-conversion result:

_ resultA/ D conversion,,* voltagerange,,
Aln,, =

2 resolutionADC

The following example will explain the use of tH@mula in more
detail:

A/D-value in OD: = 41A0H (16800dez)
voltage range =10.107V

logical resolution of OD entry = 15 Bit (signed)
analog input value (Al) =5.18V

Al = (0x41A0- 10.107V) / £ =5.12V
To get the least quantisation of the ADC the actusgd internal
resolution is needed.

Result A/D conversion: =01H

Voltage range: =10.107V
Internal ADC resolution =10 Bit

Least possible resolution: = 9.87mV/Digit

This corresponses to the value 20H in Object Diciy transmitted
via CAN.
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7.9.3 Selecting the Interrupt Trigger

This object entry determines which event can releasinterrupt. For
this purpose the object [6421] "Interrupt_Triggezlestion” is
available. If the "Global_Interrupt_Enable" [6423] activated, the
release of an interrupt transmits the TX-PDO foalag inputs. A
specific subindex is available for each analog inglannel. This
allows precise configuration of the interrupt eviemteach channel.

The following values are available:

Bit Number | Interrupt Trigger
0 Upper limiting value exceeded
1 Lower limiting value exceeded
2 Input value fluctuates more thBXtL TA [6426]
3 Not supported!
4 Not supported!
5to7 Reserved

Table 21: Interrupt Trigger Bits

Example:
6421,1 = 04hmeans: the first analog input must fluctuate byrano
thanDELTAIn order to send the PDO.

Note:
The default values for all analog inputs are séXfbo.

7.9.4 Interrupt Source

This object entry stores which analog input caubkednterrupt. The
object [6422] "Analog_Input_Interrupt_Source" isadable for this

purpose. Every single bit refers to the correspogdanalog input
channel. These bits will be reset automaticallthé entry has been
read by a SDO or the object entry was transmittitlal avPDO.

The following convention is used:
"1" : Channel caused an interrupt,
"0" : Channel caused no interrupt.
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Example:
6422,1 = 01hmeans: analog input channel 0 caused an interrupt.

7.9.5 Interupt Enable

All interrupts can be enabled or disabled usingaiject entry [6423]
"Analog_Input_Global_Interrupt_Enable". The defauétlue is "0",
indicating interrupt execution is disabled. To deathe interrupt
execution, the value "1" must be written to theegbgntry élso refer
to section 7.9.8

7.9.6 Interrupt Upper and Lower Limit

An interrupt is released, if the analog input vaisidigher or lower
than the specified limiting value in the applicaldebindex. The
upper limit is sepcified in object [6424], the lowanit in [6425]. To

release an interrupt, the OD entry [6423] mustdidc"1".

Each analog input value will be transmitted as Idhg trigger
condition is given. This assumes that no othegargcondition, such
as the Delta Function, is enabled. The limit valmest be specified
as 32-bit value aligned left.

For this purpose, the objects:

» [6424] "Analog_Input_Interrupt_Upper_Limit_Integeahd
» [6425] "Analog_Input_Interrupt_Lower_Limit_Integer"
are available.

Note:
The default value in both entries for all analoguts is "0".

Example:

6423 = 1h, 6421,1 = 054nd6424,1 = 2000 0000h

The analog input #1 releases an interrupt if tHeevaxceeds the limit
of 2000h, and then the value fluctuates by more 8pecified in the
Delta function (see following section).
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7.9.7 Delta Function

The delta function allows configuration of the extéo which an
analog input value can fluctuate since the mostretransmission.
Only if the fluctuation on the analog input exce#us value specified
in the delta function transmission of the correspog PDO on the
CAN bus is initiated. This configuration can be darsing the object
[6426] Analog_Input_Interrupt_DeltaEntries specify the number of
digits in the conversion result that are allowedfltctuate. The
default value for all four analog inputs is 5. Timeans that the A/D-
conversion result may change by up to 5 digits teef@ PDO is
transmitted. The value must be specified as aligadand assumes
10-bit resolution.

7.10 Functions of the Analog Outputs

The CANopen C12 module features two analog outgativering a
voltage range of 0..10V. The conversion resultsr@peesented in the
Object Dictionary as SINT (signed integer

The following example will explain the use of tH@mula in more
detail:

A/D-value in OD: = 500H (1280dez)
voltage range =10.35V

logical resolution of OD entry = 15 Bit (0.316m\Wd)
analog ouput value (Al) =0.40V

The internal resolution of the analog outputs iBi8-The smallest
possible quantization is 40mV/digit. For conversatihe lower 7-Bit
of the OD value are ignored. For example: the Obesaange 500H
until 57FH delivers the same output voltage of ¥.40

The present status of each analog output is ingtichy two LED on
the front cover. The intensity of the LED corresgerthe output
voltage.
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7.11 Functions of the PWM outputs

The CANopen C12 has two intergrated, low-side swig, short-
circuit proof PWM-outputs. The maximum load current is 0.5A each
output for inductive, capacitive and resistive lodthere is an
external H-Bridge module available to extend loadrent to up to
5A.

The PWM outputs are galvanic isolated from CPU cdtee outputs
hare connected to common ground of VIO. The outptesprotected
against wrong polarity.

The OD has two parameters for each PWM output ufed
configuration.

The first parameter on OD index [6500H] descrildes duty-cycle of
the PWM signal. The parameter is given in percnt(00%) and is
represented as WORD value in the OD.

That means: 0%=0H, 100%=FFFFH.

The default setting for the duty cycle of each P\&diMput is 0%/0H.

The second parameter on OD index [6510H] descrihesoutput
frequency. The value is given in us. For exampée whlue of 1000
will set the frequency to 1kHz.

The default setting for frequency is set to 1000eiach PWM output.

7.11.1Special functionality using phyPS-409-KSM01 modules

The module firmware includes these special OD éutry
index [6520], subindex O to 2
index [6530], subindex O to 2

Together with the analog input 0 and 1 these emtiyfluence the
PWM output signals. This functionality can be usedgwitch off the
PWM output by over current.

! PWM: PulseWidth M odulation,PulseW eiterM odulation

54 © SYS TEC electronic GmbH 2013  L-1046e_7



CANopen 10-C12 Operation

The entry Motor Current Upper Limit, subindex 1rs® the upper
limit for the analog value. If the value reading Al higher then the
upper limit the PWM output O duty-cycle is set &.0That means the
PWM output is switched off. The PWM output can baativated by
writing a new duty-cycle.

This functionality can be switch off by setting t&® entry to OH.

This functionality is also available for the secoR&§VM output,
therefore the upper limit is stored under index2(@5 subindex 2.
All is used for the analog input.

The OD entry [6530] Motor ON Delay switch off theurcent
comparisorduring the power phase on off a DC motor. The &asu
given in ps. For example the value of 500 will et ON Delay to
500us. This delay time always starts by an changfrtpe OD entry
[6500]

7.12 Emergency Message

In the event of an error, the status of the CANO@@IC12 is
transmitted via a high-priority Emergency Messaljgese messages
consist of 8 data bytes and contain error inforamatlThe Emergency
Message is transferred as soon as one of the okeifors occurs. A
specific Error Message is only transmitted oncesneif the recent
error is not resolved for a longer period of titfall error causes are
eliminated, then an Error Message with contents ‘@tror
eliminated) is transmitted. The structure of théy8 Emergency
Message is depicted below:

BYTEO |BYTE1|BYTE 2|BYTE 3|BYTE4|BYTES5|BYTE6|BYTE 7

Error-
Register
[1001]

Error Code Manufacturer-specific Error Code

Table 22: Emergency Message
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7.12.1 Error Code

The Error Code (byte field 0+1, LSB, MSB) indicatebether an

error is present or whether the error has alreanteliminated (no

error). The following error codes are valid:

e 0000h: no error

e 1000h: global error

e 3100H: power supply error, Power Fail

 5000H: hardware reset occur (watchdog or res&t putton)

 6100H: software reset occur

« 8110H: CAN-messages lost, (busload to high)

e 8120H: Error passiv Mode

e 8130h: Lifeguard or Heartbeat Error
In case of a Heartbeat Consumer error, the nodsd tbe
failing node is transmitted in the manufactureresipe
error code field.

7.12.2 Error Register

The Error Register (byte field 2) can contain tbkofving values:

o 8lh: Occurrence of a manufacturer-specific error
e 11H: CAN communication error

e 0Olh: Occurrence of a common error

* 0O0h: Error has been eliminated - error reset

7.13 Status LEDs

The present state of the CANopen 10-C12 modulesislayed
through the both status LEDs RUN and ERROR at muti

The function of the LEDs are defined according®QGiA standard
DR303-3 V1.0 Please refer to the standard to get further in&ion.

7.13.1RUN LED

The green RUN LED indicates the general state ef mhodule
(according to the CANopen network state-diagram).
Table 23describes the possible LED modes and their meaning
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RUN Led State Description

Alternate blinking LSS Access There is a LSS Service running.

with the Error

LED

Single Flash STOPPED The module is in state STOPPEL

Blinking PRE- The module is in state
OPERATIONAL PRE-OPERATIONAL

On OPERATIONAL The module is in state Zustand

OPERATIONAL

Synchronous fas{ Configuration errar | There is an invalid configuration

blinking cycle selected on the DIP-Switch or HEX

togeter with the encoding switch.

ERROR Led

Table 23 States of the RUN LED

7.13.2 Error Led

The red Error LED indicates the error states ofGAdNopen 10-C12
unit with the following possible modes:

Error Led State Description

OFF No error The module operates within nomif
parameters.

Single Flash Warning Limit reachedhe CAN controller internal warnir

limit was reached. (to many err¢r-
frames on CAN bus).

Alternate LSS Access There is a LSS Service running.
blinking with
Run Led

Double Flash Error Control Event | An error in Lifeguard, Nodeguard
Heartbeat was detected.

On Bus Off The CAN controller is in state "Bl
Off".

Synchronous | Configuration errof | There is an invalid configuratic

short blinking selected on the DIP-Switch.

cycle with Run

Led

Table 24:  States of the ERROR LED

! This state is a SYS TEC specific Add-On and ndined in the DR303-3 standard
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From software version V1.16 and later there arexdandet error and
configuration error indication via LED’s ,Digitahput” 0 to 7. In this
case the LED’s show not the state of the digitpuis but the error
state, see the following table.

LED | Error

DI 0 | Configuration error, bit rate not valid

DI 1 | Configuration error, node id not valid

DI 2 | serial number not valid, please sent the aetacSYS TEC for inspection

DI 3 | EEPROM CRC error, please erase the EEPROM-(f#a 2.5.8 note,
you should configure the device new or sent thacgeio SYS TEC fo
inspection

DI 4 | product code invalid, sent the device to SYECTior inspection

DI 5 |reserved

DI 6 | RAM- error, sent the device to SYS TEC forgastion

DI 7 | CANopen internal error, sent the device to SNESC for inspection

Table 25 extendet error indication via LED DIOD&7

7.14 Hardware versions

There are 2 different hardware versions of the @&vdce.
To define the versions, read the index 1009H “Mantfrer
Hardware Version” in the object dictionary.

“4121.1/ 4103.2-1" CAN-transceiver PCA82C251

“4121.1/4103.2" or

“4121.1/ 4103.2-0" CAN-transceiver TJA1050 (must ose at
CAN-bit rats:
1MBit/s and <100kBit/s)

7.15 Manufacturing data

In the Manufacturer-specific profile area of thgeal dictionary there
are entries for production data, locatet in theexnad500H.
This entries are read only.
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Index 2500H, Subindex 2, unsigned32, read onlye dat
manufacturing
Index 2500H, Subindex 3, unsigned32, read only datalibration.

Encoding rules for this date entries:
example:
17.02.2009 is encodes as 017022009H.
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8 Operations in the Event of Errors

8.1 State of the CANopen I0-C12 in the Event of Errors

The object dictionary entry "Error Behaviour" atl@x [1029] can be
used to define which state the CANopen 10-C12 ghemansfer to in
case of an error.

The following entries at index 1029 subindex 1 (ocmmication
error) are possible:

0: change state to PRE-OPERATIONAL (default)
1 do not change state
2: change state to STOPPED

These settings over all possible error sourcesritbest in sections
7.12.1 . The entries Output Error (subindex 2) and InputoE
(subindex 3) are not supported.

8.2 Output Handling in the Event of Errors

The user can determine how each output is supgodaehave in the
event of an error.

On digital outputs (DOO0..DO16 and RELO,REL1), etnandling can
be pre-defined via the objects:

[6206H] (‘Error_Mode Output_8-Bit) and

[6207H] (“Error_Value_Output_8-Bit).

On analog outputs (AOO0..AQ1), error handling carpkeedefined via
the objects :
[6443H] ("Analogue Error Output Mode'and
[6444H]("Analogue Output Error Value Integer")

These entries can be configured by means of a metwamfiguration
tool. In the default configuration, the outputs dot change their
states in the event of an error.
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A "1" at the Bitposition of the corresponding outpun objekt
[6206H] and [6443H] causes a write operation ofuvhkies in object
[6207H] and [6444H] to the corresponding outputs.

Example for digital outputs:

Digital outputs RELO..REL3

Index | Subindex |REL3 [REL2 |REL1 |RELO |Description

6206 | 3 0 0 1 1 Error Mode Output 8-bit
6207 | 3 X X 0 1 Error Value Output 8-b

Table 26:  Example for Error Handling on relay outpu

In the event of an error, the digital output REIOset to 1 while
REL1 is set to 0. The status of the outputs REL@ B&EL3 remain
unchanged.

analog Outputs AOO and AO1

Index |Sub- |AOO

Index
6443H| 1 1 Analogue Output Error Mode AO 0
6443H | 2 0 Analogue Output Error Mode AO 1
6444H| 1 0500H Analogue Output Error Value AO 0
6444H | 2 OH Analogue Output Error Value AO 1

Table 27:: Example for Error Handling on analogtputs

In the event of an error, the analog output AO8astto 0.39V while
AO1 remains unchanged.

8.3 Changing from Error State to Normal Operation

In the event of an error, the outputs retain tlaeitive values until
overwritten (by means of PDO/SDQO) by new outputueal This
requires that the error, such as “Bus Off’ or “L&aiarding” error, is
eliminated and the CANopen I0-C12 be switched i®joerational
state by a MastéfStart Remote_Nodefnessage.
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9 CANopen IO-C12 Object Dictionary

Index Objekt Name Data Type
[hex]

1000 Var Device typ Unsigned32
1001 Var Error register Unsigned8
1003 Array Pre-defined erroro field Unsigned32
1005 Var Identifier SYNC Unsigned32
1007 Var SYNC window length Unsigned32
1008 Var Manufacturer device name String

1009 Var Manufacturer Hardware Version String
100A Var Manufacturer Software Version String

100C Var Guard Time Unsigned16
100D Var Life Time Factor Unsigned8
1010 Array Store parameter Unsigned32
1011 Array Restore parameter Unsigned32]
1014 Var Identifier Emergency Unsigned32
1016 Array Consumer heartbeat time Unsigned33
1017 Var Producer heartbeat time Unsigned1§
1018 Record Identity object Identity
1029 Array Error behaviour Unsigned8
1400 Record Receive PDO 0 Communication ParamefeDOd®mPar
1401 Record Receive PDO 1 Communication ParamefeDOd®mPar
1402 Record Receive PDO 2 Communication ParamefeDOd®mPar
1600 Record Receive PDO 0 Mapping Parameter PDOMgp{
1601 Record Receive PDO 1 Mapping Parameter PDOMgp{
1602 Record Receive PDO 2 Mapping Parameter PDOMgp{
1800 Record Transmit PDO 0 Communication ParameDOComPar
1801 Record Transmit PDO 1 Communication ParameDOComPar
1802 Record Transmit PDO 2 Communication ParameDOComPar
1A00 Record Transmit PDO 0 Mapping Parameter P DQivfep
1A01 Record Transmit PDO 1 Mapping Parameter P DQivfep
1A02 Record Transmit PDO 2 Mapping Parameter P DQivfep
2500 Record Manufacturing data, for production only

6000 Array Read input 8 bit Unsigned8
6005 Var Globaler Interrupt Enable Digital 8 Bit signed8
6006 Array Interrupt Mask Any Change 8 Bit Unsig8ed
6007 Array Interrupt Mask Low-to-High 8 Bit Unsigite
6008 Array Interrupt Mask High-to-Low 8 Bit Unsigite
6200 Array Write Output 8 Bit Unsigned8
6206 Array Error Mode Output 8 Bit Unsigned8
6207 Array Error Value Output 8 Bit Unsigned8
6401 Array Read Analogue Input 16 Bit Integerl6
6411 Array Write Analogue Output 8 Bit Integerl6
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6421 Array Analogue Input Interrupt Trigger Seleanti | Unsigned8
6422 Array Analogue Input Interrupt Source Unsigstad
6423 Var Analogue Input Global Interrupt Enable idned8
6424 Array Analogue Input Interrupt Upper Limihteger32
Integer
6425 Array Analogue Input Interrupt Lower Liminteger32
Integer
6426 Array Analogue Input Interrupt Delta Unsigned | Unsigned32
6443 Array Analogue Output Error Mode Unsigned8
6444 Array Analogue Output Error Value Integer 82
6500 Array PWM Output Pulse Unsigned16
6510 Array PWM Output Periode Unsigned16
6520 Array Motor Current Upper Limit Unsigned32
6530 Array Motor ON Deldy Unsigned32

Table 28 : Object Dictionary of the CANopen 10-Gi@dule

! only available for phyPS-409-KSm01
2 only available for phyPS-409-KSM01
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10 Firmware-Update

For firmware-update the freeware tool Fujitsu FlasSMCU
Programmer” is used. This program has to be irstatin PC, used
for doing the firmware-update.

To do a firmware-update on CANopen |0-C12, thedwihg steps
have to be processed:

» Connection of CANopen 10-C12 to PC
Connect the PC by a serial interface (RS232) toQA&lopen
[0-C12 X101 (RJ11-connector, see 2.2, 2.3 and 2.4).
A suitable cable can be ordered at SYSTEC eleactrGmibH.

PC SYS TEL caNopen 10-C12

RS232
> 0 8 0 8
w ® » » » »

X101 X100

Figure 11:  Firmware-Update — Connection to PC

» Configuration of flash-tool ,Fujitsu Flash MCU Pragnmer*
1.) Configuration of serial port:
By button ‘Set Environmeiitin area ‘Option’ the COM
interface can be selected, what is used for firrewgrdate:
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Customize setting

COM PORT ]50und | Toottips |
COM PORT SELECT

& coMm1 O COM11
" comz (" COM12
" com3 " coMm13
" CcOM4 " COM14
" COM5 (" COM15
" COME (" COM1B
" coMm7 coM17
" come comig
" COMs T COM19
oMt T coMmz2o

OK | abbrechen | Uberchie |

Figure 12:  Firmware-Update — Selection of COM-iritare

2.) Configuration of target:
Selection of microcontrolleMB90F543/G/GS
Selection of crystal frequenéMHz

ﬁ FUJITSU FLASH MCU Programmer = &
TargetMicrocontroller | MBS0F543/G/GS |
Start Address FEODDOH
Crystal Frequency |4MHZ j
End Address FFFFFFH
Hex Fil E4044.mhx Open
ex e | Ap Flash Memory Size | 020000H
Command to COM1 i
Dption
Full Dperation(D+E+B+F) )
Set Ervironment Help ‘
Bl | | | F’MC-16LX
| | | FUjiTSU
W01.L25

Figure 13:  Firmware-Update — Target configuration
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3.) Selection of Hex-file to program:

By button ,Operf the Hex-file will be selected and loaded.
To prevent a damage of CANopen I0-C12, only a Hiex
suitable for CANopen 10-C12 is allowed to program.

T
—n

» start of CANopen 10-C12 and set program-mode:
1.) Connect the power supply to the device
2.) Set program-mode by pressing the buttBo®t and Reset
on CANopen 10-C1ih following order:

Boot button pressed

button not pressed

Reset button pressed

button not pressed

Figure 14:  Firmware-Update — Program-mode

X50C

tg........

Boot Reset Pove@

" —

Figure 15:  Firmware-Update — Position Boot and Rese

If necessary you will be asked to reset the CANo21€C12
during use of flash-tool, what meas to set the Enmgmode.
The press the combination of buttdsotandResetoo.

» Erase of previous firmware of CANopen 10-C12:
Press button ,Download®.
It follows a dialog, that asks you to reset thgéarwhat means
to set the program-mode. If it is done, confirmytOK.
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flash ﬁ

f "_-"-.I Please reset the microcontroller on userboard.
WY Then push OK butten.

0K Abbrechen

E 1
Figure 16:  Firmware-Update — Dialog for program-nad

A successful download is shown by following dialog:

&/8

| | :
0 [ttransterred a contral program ta the microcomputer

Ok | J

Figure 17:  Firmware-Update — Dialog after download

After this press buttonsErasée for erasing the firmware of
CANopen 10-C12.
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A successful erasing is shown by following dialog:

5F5

I -..'|
0 [t Erased aflash

LUEEEER PR PR PR PR TS T
Ok |

Figure 18:  Firmware-Update — Dialog after erase

» Program the new firmware of CANopen I0-C12:
Press buttonFKull Operatiorf for program the firmware.
If follows the dialog again, that asks you to det program-
mode. Do this on hardware like it is described &ov

A successful programming is shown by following daal

236 f 256

I 1
0 It ended narmally completely

LT L]
[ o | '
Ok,

Figure 19:  Firmware-Update — Dialog after progranmgi

» Restart of CANopen 10-C12
By buttonReseton CANopen 10-C12 or by PowerOn the device
starts with new firmware.
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