PRODUCT 2> FAULHABER

APPLICATIONNOTE 186

Operating a FAULHABER CO driver out of a
CODESYS environment

Summary

FAULHABER MotionController or MotionControlSystems having the CANopen interface can be operated
from a CODESYS environment. Here the operation as a SoftMotionLight axis is demonstrated. A SoftMotion-
Light (SML) axis uses the profile based operating modes PP and PV of the drive where the trajectory of the
movement is calculated within the drive, reducing the requirements towards the communication update
rate. Therefore, using a SML rather than a SoftMotion axis might be preferred in a CAN environment.

The description includes how to add CAN connectivity to the used RaspberryPi environment and how to

adapt the .eds files of the drives to be visible in the CODESYS environment.

Applies To
Any FAULHABER MotionController and MotionControlSystems having a CANopen interface

MCV2.5
MCxx 300x F/P/S CO

22xx BX4 COD, 32xx BX4 CO

MC V3.0
MC 5004 P RS/CO

MC 5005 S CO, MC5010S CO
MCS32xxBX4 CO, MCS 3274BP4 CO

Description

In this example a RaspberyPi is used as the target of the CODESYS environment. Out of the box there is no
CAN interface at a RaspberyPi, it can be added by means of a plug-in board, a hat. The necessary drivers can
easily be added as that’s often the case in the RaspberryPi environment.

When this was successful CODESYS needs to be aware of the CAN connectivity too which proved to be the
most challenging part here Prerequesites to configure the MC.

If you don’t have to deal with the RaspberryPi simply jump over these sections and start directly with the.

General information about CAN and CANopen system can be found in our Product Application Note 174.
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Add CAN connectivity to a RaspberyPi environment

The RaspberryPi comes without CAN connectivity. There are
however different plug-in modules which can fix that. They
usually use one or two MICROCHIP® CAN controllers like the
MCP 2515 which are connected to the BCM on the Rasp-
berry via SPI. Here | used a Waveshare RS485 CAN hat

More information can be found at:

https://www.waveshare.com/wiki/RS485 CAN HAT

Driver wise there are two steps.

Active the CAN low level driver

To activate the low-level driver for the hat you need to add one or two lines to the /boot/config.txt file:

sudo nano /boot/config.txt

dtparam=spi=on
dtoverlay=mcp2515-can0,o0scillator=12000000, interrupt=25, spimaxfrequency=2000000
dtoverly=spi bcm2835-overlay

These changes of course need to be saved and a restart is required. As for the mcp2515 line it depends on
what crystal is used in the hat. The one used here had a 12 MHz crystal but there seem to be older ones
having an 8 MHz crystal.
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Figure 1 RaspberryPi 3B equipped with the RS485 CAN HAT and a CAN cable

In the end your setup might loop like Figure 1. Please note CAN is a 3-wire interface. It's no current but a
voltage interface which requires a common reference. Therefore, a GND-line here had to be added in addi-
tion to the original 2 terminals (CANu/CAN,) at the hat.

Add the CAN tools
Next step is to add the high-level drivers by

sudo apt update

sudo apt install can-utils

After a reboot you should be able to see the CANO in your file system:
ls /sys/bus/spi/devices/spi0.0/net

can0

and

1ls /sys/bus/spi/devices/spi0.0/net/can0

would list additional settings of this driver.

The driver interface of the CAN is one of a net type. So, it should show up in ip addr but will initially be
down.
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There is online documentation available for the RaspberryPi on how to permanently enable the CAN inter-
face and of course how-to low-level test the CAN communication, which requires a second CAN device of
course. Here the CODESYS environment will enable the CAN communication. That way the CAN baud-rate
can be configured by the CODESYS run time environment depending on the settings within the project.

Have CODESYS use the CAN connectivity

CODESYS can start the CAN with the correct baud rate. So, no need to have CAN activated by the Raspian all
the time.

Stating from the run-time revision 3.5.12.20 the script rts_set baud.sh is expected to be found at in
/var/opt/codesys/

We can create it using nano:

sudo nano /var/opt/codesys/rts set baud.sh

and add:

#!/bin/sh

BITRATE="expr $2 \\* 1000°

ifconfig $1 down

echo ip link set $1 type can bitrate SBITRATE
ip link set $1 type can bitrate $BITRATE

ifconfig $1 up

Challenge was having the correct commas around the definition of the variable BITRATE.

After creating the file, we need to have it executable and therefore call:

sudo chmod +x /var/opt/codesys/rts set baud.sh

Afterwards, after calling the script manually:

/var/opt/codesys/rts_set baud.sh canO 250

Acall of ip addr should end up with an activated CANO. We should then again be able to use the low-level
CAN handlers using calls of cansend or candump from a terminal.

Older versions of the runtime seem to expect the very same script at /root/rts set baud.sh.

Prerequisites — configure the MC

Before starting to set-up your CODESYS environment please use the MotionManager to configure your drive:

e Select the motor and feedback-system by using the “Select motor” tool of the MotionManager
e Configure the load inertia by using the “Configure controller” tool of the MotionManager
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e Tune the control-loops and verify the dynamic parameters like acceleration and deceleration which

can be safely used in your application by operating the drive using the MotionManager “Tuning
window”

e Configure whatever additional I/Os might be used e.g. for a drive-based homing sequence using the
MotionManager “Drive functions” window.

e Save your settings in the drive and store a copy of it at your PC

CODESYS project configuration
The general setup is the same as detailed in AppNote 164:

e Create a new project

e Select the correct target environment — here it is a RaspberryPi
e Connect to the target device

Setting up a CAN environment

After the first generic steps we now add the CAN connectivity. Steps are:

e Add a CAN-bus to your project and check the Network Id and the Baudrate, which is specific for
this project (Figure 2).

[{ Device [f] canbus x| [f] CANopen_Manager [ mcsoos 4 SML_Drive_CAN_GenericDSP402 & Visualization Movelt
General
General
CANbus If0 Mapping Networks 0 = cn"
Status Baudrate (bit/s): 250000 -

Information

Figure 2 CAN-bus specific settings

These are the parameters used to call the rts_set baud.sh script.

e Add a CAN Manager below the CAN-bus and configure the services which are:
o Start the slaves
o Use either the guarding or the heartbeat service to supervise the drives.
o Configure the cyclic data exchange via the SYNCH interval. An interval length of ~10ms

would be a good start for up to 4 nodes. In Figure 3 an update rate of 20ms was config-
ured.
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[ Device [ cANbus [{j caANopen_Manager  [] MC5005 4 SML_Drive_CAN_GenericDSP402 B visualization Movelt
General
General
CANopen IfQ Mapping Node ID: 127 T [ Check and Fix Configuration... ] cn "O -
pen
Status [¥] Autostart CANopenManager Polling of Optional Slaves

Information Start Slaves NMT Error Behaviour: |Restart Slave v]

[] NMT Start &l (if possible)
Guarding

Enable Heartbeat Producing

Node ID: 127 =
Producer Time (ms):  |200 =
Sync TIME

Enable Sync Producing

COB-ID {Hex):  16% |80 B
Cycle Period (ps): 20000 =
Window Length (ps): 16000 =

Enable Sync Consuming

Figure 3 Configuration of the services to be used by the CANopen Manager

e The FAULHABER MC will then be added as a subsystem to the CANopen master using its context
menu but we might have to modify the .eds files first.

e Start thinking about the process-image, which is the collection of parameters to be exchanged cy-
clically when the system is running.
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Prepare the .eds files for usage in a SoftMotion environment

Any CANopen drive can be added to the project using the context menu of the CANopen Manager. Now in
order to get a selection of FAULHABER drives in such a case, these drives need to be added to the device
database of your CODESYS installation.

This can be done using Device Repository window out of the Tools menu

® CANTest.project - CODESYS
File Edit View Project Buid Online Debug ' Tools Window Help
= H & a4 @ Package Manager... ‘
i Library Repository... ‘
Devices | Device Repository... &
=13 CANTest oy Visualization Styles Repository... b
= !I‘] Device (CODESYS Control for Raspberry Pi SL) u License Repository...
1 @l] 'P’LC Logic ﬂ License Manager... ;in
=} Application ‘
. Scripting >
m Library Manager g
[£] PLC_PRG (PRG) Customize... ‘
= @Q Task Configuration Options...
= E2 MainTack : T o T

Figure 4 call the CODESYS Device Repository

New devices can be added using the Install button. The electronic device description .eds is needed. All .eds
of FAULHABER drives can be found in the program directory where the MotionManager has been installed
in the sub-folder EDS.

22 Device Repository =

Location: | System Repository w Edit Locations...
(C:\ProgramData\CODESYS\Devices)

Installed device descriptions:

Mame Vendor  Version Description ™ el

+ m Miscellaneous
+ m Fieldbusses
ks EHMI devices
+- [ pLcs
= ? SoftMotion drives
+ SD CAN drives
+.- ¢¥ CAN Encoders
+ ? EtherCAT drives
+- ¢ EtherCAT Encoders
+- & Free Encoders
+ m position controlled drives

+ 'w SErcos drives o
s

Close

Figure 5 CODESYS Device Repository window
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When selecting the .eds files and importing them for firmware revisions up to Rev K
you will only get a single FAULHABER MotionController displayed afterwards.

We need to modify the ones we want to have by changing some entries. Editing can
be done using any text editor —it’s an ini file format.

If your .eds is up to revision K it needs to be modified. Starting with rev L everything
should be fine.

Table 1 Overview of the .eds files and the connected products

File name

Applies for driver

Suggested ProductNumber entry

for the .eds file

605.0101.01_x.eds

605.0111.01_x.eds

605.0121.01_x.eds

605.0121.03_x.eds

605.0131.01_x.eds

605.3150.67_x.eds

605.3150.68_x.eds

605.3150.69 x.eds

605.3150.70_x.eds

MC 5010 S CO where _x denotes the
firmware revision

MCS32xx CO where _x denotes the firm-
ware revision

MC 5004 P RS/CO where _x denotes the
firmware revision

MC 5004 P RS/CO STO where _x denotes
the firmware revision

MC 5005 S CO where _x denotes the
firmware revision

MCBL V2.5 CANopen drives where _x de-
notes the firmware revision

MCDC V2.5 CANopen drives where _x
denotes the firmware revision

MCLM V2.5 CANopen drives where _x
denotes the firmware revision

MCBL AES V2.5 CANopen drives where
_x denotes the firmware revision

There are a few modifications:

010101yy where yy is the revision:
10 for J, 11 for K, 12 for L, ...

011101yy where yy is the revision:
10 for J, 11 for K, 12 for L, ...

012101yy where yy is the revision:
10 for J, 11 for K, 12 for L, ...

012103yy where yy is the revision:
10 for J, 11 for K, 12 for L, ...

013101yy where yy is the revision:
10 for J, 11 for K, 12 for L, ...

315067yy where yy is the revision:
02 for B, 03 for C, 04 for D, ...

315068yy where yy is the revision:
02 for B, 03 for C, 04 for D, ...

315069yy where yy is the revision:
02 for B, 03 for C, 04 for D, ...

315070yy where yy is the revision:
02 for B, 03 for C, 04 for D, ...

1. Add the default value for the Device Type (0x1000) to indicate a CiA 402 servo-drive

[1000]

ParameterName=Device type

ObjectType=7
DataType=0x0007
AccessType=RO

DefaultValue=0x00420192
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PDOMapping=0

2. Change the FileRevision to a number reflecting the FW revision. So for a Rev K use 11.

[FileInfo]

CreatedBy=Dr. Fritz Faulhaber GmbH & Co KG
ModifiedBy=Dr. Fritz Faulhaber GmbH & Co KG
Description=MC3

CreationTime=09:34PM
CreationDate=10-25-2019
ModificationTime=09:34PM
ModificationDate=10-25-2019
FileName=605.0101.01-K.eds

FileVersion=1

FileRevision=11

EDSVersion=4.0

3. Modify the ProductNumber listed in the [Devicelnfo] section to be unique for this specific firmware
revision and device. Use the entry out of Table 1.

[DeviceInfo]
VendorName=Faulhaber
VendorNumber=0x147
ProductName=MCS *
ProductNumber=01110111
RevisionNumber=0x00010000

4. Add parts of information in the Identity object (0x1018):
a. Add the default value for the enty vendor Id

[1018subl]
ParameterName=Vendor ID
ObjectType=7
DataType=0x0007
AccessType=RO
DefaultValue=0x00000147
PDOMapping=0

5. Save the modifications and only now import the interesting ones to CODESYS.
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Add a FAULHABER MC to the project

After having the modified .eds files imported to the Device Repository a right click on the CANopen Manager
should offer the selection of drives.

[ Add Device *
Name: | 0
Action:
(® Append device () Insert device 7| (O Update device
|Enter a string for a fultext search in all devices... | Vendor: | Faulhaber ¥
MName Vendor Version Description

= m Fieldbusses
= €ifl CANopen

= Kifl Remote Device
ﬁ MC5010 Faulhaber Revision=16#00010000, FileVersion=1.10 Imported from 605.0101.01-J.eds
m MC5010 Faulhaber Revision=16#00010000, FileVersion=1.10 Imported from 605.0101.01-K.eds
m MCS = Faulhaber Revision=1600010000, FileVersion=1.10 Imported from 605.0111.01-J.eds
ﬁ MCS * Faulhaber Revision=16#00010000, FileVersion=1.11 Imported from 605.0111.01K.eds

Group by category  [| Display all versions (for experts only) [] Display outdated versions

Please select = device from the list above.

@  (You can select another target node inthe navigator while this window is open.)

Close

Figure 6 Device Selection for the CAN-node to be added - here having a Filter to FAULHABER being the
supplier

If your driver is found, use it, otherwise re-check the modifications in the .eds file.

After adding whatever number of drives shall be part of the project, their settings must be checked, and the
process image needs to be configured.

Faulhaber Product Application Note 186 page 10 of 26



%

2> FAULHABER

\/

Communication related settings

Within the “General” tab of the drives settings we might enable the Expert Settings which will allow access

[ Device [l cAnbus
General

PDOs

5D0s

CANopen /O Mapping

Status

Information

m CAMNopen_Manager m MC5005 X | 49 SML_Drive_CAN_GenericDSP402 @ Visualization

Movelt

General
NodeID: [1 = [ SDO Channels {11 active) ] cn Nblf_j@r]
[¥] Enable Expert Settings [)Optional Device
nable Sync Producing || NoInitialisation Reset Node: Sub:002 -

Modeguarding

Enable Nodeguarding [¥] Enable Heartbeat Producing

Guard Time {ms): 0 Producer Time {ms): |200 =

Life Time Factor: L [ ‘;’ Heartbeat Consuming (11 active) ]

Emergency TIME

Enable Emergency Enable TIME Producing

COB-ID: SNODEID+16%80 COB-ID {Hex): 16% |[100

Enable TIME Consuming

Checks at Startup

Check Vendor ID [] check Product Number  [] Check Revision Number

Figure 7 General settings of the inserted CAN drive

to all the services to be configured.

Main setting here would be the node ID of the drive of course plus whether the drive shall be treated as an
optional one and which type of Nodeguarding to be used.

The classic nodeguaring seems to be a little more robust. A Guard Time is to be defined after which the
master will request a status-update from the drive. If there is no answer —which happens under heavy com-
munication load — the Life Time factor determines the number of tries until the drive is considered to be lost
and an error can be generated. A typical setting could be a Guard Time of 100ms and a Life Time factor of 3,
but that of course depends of the safety requirements of the application.

To active Nodeguarding, disable Heartbeat first and then enable Nodeguarding.

If Heartbeat is to be used the producer Time must be shorter than the respective
consumer time. So, the producer time of the drive to be supervised should be
shorter than the consumer time which is the limit for a heartbeat message to be
received. Unless these settings can be handled separately give nodeguaring a try.
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Add a SoftMotionLight axis to the drive
Next, we could plug a SoftMotionLight CiA402 axis into the device node using its context menu.

I3 TestCAN Bproj e ]
Fle Edt Vew Project Bud Onine Debug ook Window Hep
A 4z |4 | © 3 =
BEFE &G o = b BEXIAYIE|O-08 % X =
Devices ~ ® X || ( vevice x| (] CAVbus  [[i] CANopen Manager | [ MCS05 i SM. Dive CAN GenersP402 (@) Visualzation Movelt =
= TestcN E £ "
= (i evice (CODESYS Control for Raspberry Pi SL) I Com ttings ScanNetwork... | Gateway ~ Device ~ J
=80 pLctogic -
= € Appiication o
) Library Manager
teeh e Backup and Resto;
= (8 Task Coniguration s
Files ——— o
= & wanTask — ® °
B Wovert Gateway
ove! Log
= visu_TASK Gateway-1 - [0301.8068] factive) -
8] visulems.Visu_Prg PLC Settings 1-address: Device N
=] vsualierungsmanager locslhost RasP3
8 webvisu PLC Shell port evice Address
& vsuaization 217 03016068
=~fi CANbus (caNbus) Users and Groups -
arget ID:
= caopen_Manager (CAopen_ Manager) Lt
=@ Mesoos (MCsoos) Task Deployment
B4 SM._Drive CAN_GenercDSPA02 (SML_Drive_CAN G TorgetType:
8 [mesoos 1 puesr 1
8 Softotion General axs| & € Tagstvendor
35- Smart Softviare Solutions GmbH
% e By copy
2 s P Targetversion:
351210

B 010545 @100 M 5. s

Browse »
K <Leers (<Empty>) Refactoring »
62 propertis.

A Object

(Z Add Folder..
InsertDevice...

Disable Devies

Update Device.
[§" Edit Object
it Object With, .

Edit 0 mapping
Import mappings from CSV...
Export mappings to CSV,

Add Softotion CIA402 Axis

Add SoftMotonlight CIA<02 Axis

Smulation

” ‘ ]
| 5 Devices [ PoUs

BT Messages -Total 0 error(s), O warming(s), 0 messsg=(s)]

Lastbuid: 0 &0 Precompie: o/ Current user: (nobady) Q@
PE . mai D0

Figure 8 Add a SoftMotionLight axis to the drive

Two steps would be necessary to be able to finally use it:

a) Align the scaling of the movement between the SoftMotionLight axis and the MotionController
b) Create an appropriate PDO mapping for the CAN node and link the resulting process image to the
SoftMotionLight axis.
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Adjust the settings of the SoftMotionLight axis

Scaling of the SoftMotion axis

For each SML drive there is one combined settings page where the scalings of the motion as to be used in
the PLC and the mapping of the parameters exchanged with the device are configured (Figure 11). The en-
tries in Figure 11 will rescale the drives actual position / target position into the position units used in the
application. The entries won’t rescale the scaling of speed and acceleration expected by the axis, however.

As for the scaling the base information is the encoder resolution which is used by the drive. So how many
increments will the drives actual position move when the motor turned once. This might be the native res-
olution of the encoder used in this axis but might also have been changed, if the drives Factor Group has
been modified.

In combination with the SoftMotionLight axis we recommend leaving the Factor Group of the driver un-
touched. In such a case the settings here could be:

Increments per motor turn: 4096 inc / turn for a 12-bit encoder

Motor turns / gear output turns: please enter whatever reduction is to be considered. Please use the real
reduction as e.g. 63 motor turns per 17 gear output shaft turns on case of a 4:1 22F gearhead.

Gear output turns / units in application: depends on whatever scaling is suitable. If a ball-screw having a
pith of 1.0 mm is used and the position shall be handled in um the entry might be 1/1000. If the position is
to be used in ° use 1/360. If the native resolution of the encoder is to be used 1/4096 would be the setting
for the 12-bit encoder.

Scaling of the drive velocity and acceleration/deceleration

The scalings in Figure 11 uses the drive position in increments and rescales it to whatever application specific
scaling shall be used. There is no such explicit way to rescale the speed of the drive. The SoftMotionLight
Axis expects these parameters to be in either [incr/s] or [incr/s?]. The FAULHABER MotionControllers how-
ever expect the speed to be in rpm for rotating motors or mm/s for linear motors and the acceleration/de-
celeration in 1/s2. Scaling for the speed could be changed using the Factor Group but the scaling for the
acceleration and deceleration are fixed.

What we can do, is adapt factors used by CODESYS to calculate the real values sent over the bus. There are
two factors which are to be set:

e fConstVelFactor is used internally to compute the scaling in between the inputs of the MC_xxx func-
tion blocks and the speed sent to the drive
e fConstAccFactor in used to do the same for the acceleration and deceleration values.

These internal factors are hidden away by default but can be accessed for each SML axis if “show generic
device configuration views” is activated for the Device editor. The setting can be changed using the
Tools/Options menu of the engineering environment (Figure 9).
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r 1
Options [é]

CFC Editor -
g CoDeSys 2.3 converter N ===
- View ]
&7 Composer
'@ Dedaration editor [¥] show generic device configuration views
[ Device description download | || Create Cross References for IEC addresses (Clean necessary)
m Device editor

[] Use dassic communication page
[] FED, LD and 1L editor

@ International Settings O

m Libraries [7] show access rights page
m Library download E

[ Load and Save

£ PLCopenxML

ﬁ Proxy Settings

f; Refactoring

[] sFc editor

L_=i SmartCoding

= Store

= 5Syntax Highlighting

-
—
4

[ Show implicit files for application download on the editor of a PLC

m

| Use horizontal tab pages

. ]

Figure 9 Enable the generic device settings view for the Device editor
The values to be entered are:

e fConstVelFactor 60/Encoder resolution e.g. 60/4096
e fConstAccFactor 1/Encoder resolution e.g. 1/4096

These entries are expected to be floating numbers. A few digits should be enough as respective actual values
might not be that precise either. The acceleration is based on a current measurement with limited precision
and even the exact value of the speed might not be that important, unless speed mode is sued to drive at a
very exact speed.

Movelt 2 SHL_Drive_CAN_GenericDSP402 x | [ Device [ mcsoos &) Visualization [ canbus -
SoftMotionLight [ write parameters
gMLDQVUAMGE”E”EDSF“‘“k Parameter Type CurrentValue  Prepared Value Value Default Value Unit  Description =
arameters
= [13 AXIS_REF: Standard
SML_Drive_CAN_GenericDSP402:
1/0 Mapping # dwRatioTechUnitsDenom DWORD 512 512 16£10000 conversion inc. tech.units denominator
# RatigTechlnitsNum DINT 125 125 1 conversion inc. tech.units numerator
2 # MovementType g 1 1 1 movement type: 0: madul, 1: finte
# fFositonPeriod LREAL 360 360.0 360.0 modulo value for modulo drives
Information
# eRampType W 1 i 0 selects the velocity ramp type used by the Fis
# fSetActTimelagCydles LREAL 3 3 3 time lag between set- and act-values
# binvertHomeOffset BOCL FALSE FALSE Whether the home offset is inverted when writing it to or reading it from the drive
# fConstvelFactor LREAL 146484375 14.6484375 1 A constant factor applied to the conversion from velocities in ujs to drive urits. £
# fConsthccFactor LREAL 0.244140625 0.244140625 1 A constant factor applied to the conversion from acceleration values in u/s? to dri _

+ [ AXIS_REF: Scalings
+- 1 logical device settings
# (4 possible cyciic driver in-joutputs
A Addrace G010 cToe nnwa'

Figure 10 Modified factors to rescale velocity and acceleration

These settings must be configured for each instance of a SoftMotionLight axis in the project.

PDO Mapping

After the scaling, it is the Mapping of the process-image that must be considered. The Scaling/Mapping tab
of the SoftMotionLight drive (Figure 11) gives an overview which parameters of a CiA 402 CANopen servo-
drive would be used, if available. Plus, there is a checkbox to facilitate automated mapping. This mapping
here applies for the mapping between the PDOs configured for the drive and the connected SoftMotionLight
axis only. Automated will not generate the PDOs but it will make use of whatever the PDOs are offering.
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[ Device  [f] canbus  [] CANopen_Manager ['f Mcs00s e SML_Drive_CAN_GenericDSP402 X [ Visuglization Movelt | -
SoftMotionLight General settings Velodty ramp type
() Modulo () Trapezoid
SML_Drive_CAM_GenericD5P402: % =S
1f0 Mapping @) Finite @ Sin2
Status Scaling
[F] Invert direction
Information .
4056 increments <=2 motar turns i Scahng
T o—— 1 motor turns <=3 gear output turns i
) 1 gear output turns <=2 units in application 1000
Mapping Onling
[¥] Automatic mapping Status:

SML_AXIS_STATE.SML_AS_Standstil

Inputs:

dic ob T b b T i T Communication:

Cydic ohject Object number Address T
i s 0 yee | operational (100)
status word (dsp402Vars. wStatus) 16#6041: 16500 "SRl UINT" | FB Errors
actual position (diActPosition) 16#6064: 16%00 ‘Movelt. ActPos' 'DINT' .
’ - o : |SML_ERROR.SML_DI_GENERAL_COMMUNICATION_ERROR

Actual Mode of Operation (eActOpmode) 16#6061: 16#00 %IBE SINT' L - -
actual position (diActPosition) 16#6063: 1600 " E uiDrivelnterfaceError:

4 |
strDrivelnterfaceError:
Underlying fieldbus driver cannot switch device to mode operational

2 1

| Mapping
Outputs:

Cydic object Object number Address Type
ControlWaord (dsp402Vars.wCantrol) 16#6040: 1600 '"SEQWE' UINT
Mode of Operation (eSetOpmode) 16#6060: 16#00 '%LQB29 ‘SINT'
Target position/distance (fTargetPosDist) 16#607A:16:00 '%QD 5 ‘DINT'
| Target velocity (fTargetVelocity) 16#60FF: 16#00 ‘%003 ‘DINT'
Profie velodty (fProfilevelodty) 16#5081: 16 %00 ‘%002 'UDINT'
Profile acceleration (fProfileAcceleration)  16#6083:16200 '%0D0" 'UDINT'
Profile deceleration (fProfieDeceleration) 16#6084: 16500 ‘50Dt UDINT'
Home offset (fHomeOffset) 16#607C: 16200 i Il
4 m | F

Figure 11 Scalings and mappings of the axis

So, what we must do is, try to make the necessary parameters available.

We do this, by creating an appropriate PDO-mapping for the CANopen drive used here and then un-check
and re-check the automatic mapping checkbox.

General information about PDOs and their settings can be found in our Product Ap-
plication Note 174.

First edit the PDO mapping itself.

The set of parameters which could be used by the SoftMotionLight axis can be reviewed in the mapping part
of Figure 11.

The PDOs can be edited from the PDO tab of the device. For each of the PDOs the objects to be transferred
can be modified using the + Add Mapping or the x Delete. A double click on any PDO will open a dialog to
edit the general communication settings of the PDO. Suggestion would be a mapping according to Figure 12
and Table 2.

Please send the PDO containing the profile parmaeters first, so they are availa-
ble when sending the Control word, the Target Position and the Modes of oper-
ation.
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Table 2 Summary of the objects mapped to the process image

From Master to drive (RxPDO) From drive to Master (TxPDO)

0x6083.00 Profile Acceleration 0x6041.00 Status word

0x6084.00 Profile Deceleration 0x6064.00 Position actual value
0x6081.00 Profile Velocity 0x6061.00 Modes of operation display
0x60FF.00 Target Velocity

0x6040.00 Control word

0x6060.00 Modes of operation

0x607A.00 Target position

Additional parameters can of course be mapped depending on the application.

Next check the transmission types of the PDOs. Suggestion is to use the default asynch one for the ones
received by the drive (RxPDO) — Transmission Type = 255 - and change the ones transmitted to a cyclic every
cycle manner (Figure 13) — Transmission Type = 1.

@ TestCAN_B.project® - CODESYS

fle Edit View Project Buld Onine Debug Tools Window Help

BzE& b sl - -« =
Devices > 1 X ': [{§ MC5005 x [+  SML_Drive_CAN_GenericDSP402 @ Visualization [ CAMopen_Manager [l Device Movelt 'ﬁj CANbus
=3 Testcan s >
=[] Device (CODESYS Cantral for Raspberry Pi 5L1) General Receive PDOs (Master = Slave) Transmit PDOs (Slave =3 Master)
=M PLC Logic i ! ok 4ddPDO ok Add Mapping [# Edit X Delete & Move Up -] 4k Add PDO dk Add Mapping [# Edit 2 Delete 4 Move Up
=€} Application o0 | Name Object Bitlength| | Mame Object Bitlen...
M) cbrary Manager SD0s | |l 16#1400: Receive PDO1 pa 164201 ($NODEID+16 64 16#1800: Transmit PDO1 pa 164181 ($NODEID+16§ 16
HovelLERC) | Profile acceleration 166083:16500 32 Statusword 1646041:16500 16
H m% g;?:::i“m CANopen 1/0 Mapping Profiledecelerstion 16%6084:16500 32 ¥ 16#1801: Transmit PDO2 pa 16#281 ($NODEID+16% 56
| [ 16#1401: Receive PDO2pa 16#301 ($NODEID+16 64 Statusword 1626041:16200 15
i &) vovert Status Profileveladity 1626091:16500 2 Position actual valuz 16£6064:16500 2
& VISU_TASK | Target velocity 16560FF: 16500 32 Modes of operationdisplay  1656061:16%00 8
. 8] visueles. Visu_Fro Information [+[16#1402: Receive PDO3 pa_16#401 ($NODEID+16 56 16#1802: Transmit PDO3 pa 164381 ($NODEID+16§ 48
-l Veusiblerunoemanager Controlword 16%6030:16%00 15 Statusword 16#6041:16500 16
@ webisu Targetpasition 165607A:16200 2 velacity actual valug 16505C: 16200 32
&] vsuslaation 1 Modes of operation 1626060:16200 8 | 16#1803: Transmit PDO4 pa 16#481 ($NODEID+16# 32
= cantus (canbus) 16#1403: Receive PDO4 pa 16#501 ($NODEID+16 32 Statusword 1646041:16500 1
= [ caopen Manager (CANopen_Manager) Controlword 1626040:16200 16 Torque actual value 16#6077:16%00 16
= ) wesnos pcsoos) Target torque 16£6071:16%00 16

4§ SML_Drive_CAN_GenericDSP402 (SML_Drive_CAN_G4
"2 SoftMotion General Axis Paol
2 e
2 s
E® GPIOs_A_B (GPIOs AfB)
3 Onewire
=% Camera device
K <leers (<Empty>)

g e ol G ! I ] v

5 Devices [[[) POUS

[E Messages - Total 0 error(s), 0 warning(s), 0 message{(s)

Lastbuid: €3 0 @ 0 Precompile: Current user: (nobody) (4]

Figure 12 PDO tab of the settings summarizing the PDO mappings

The cycle-time of the communication itself has already been configured as the Synch Period at the CANopen
Manager (Figure 3).
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PDO Properties M PDO Properties M
COB-ID: [SMODEID +16%200 COB-ID: [SMODEID +16 %280 RTR
= 16#201 (513) = 16#281 (641)

Inhibit Time (x 100ps): i} = Inhibit Time (x 100ps): 0 =

Transmission Type: [asynd-lronous - device profile spedific {Type 255) = Transmission Type: [cydic - synchronous (Type 1-240) -
Number of Syncs: 1 = Number of Syncs: 1 z

Event Time (x 1ms): 0 s Event Time (x 1ms): 0 <

Process by CANopenManager Process by CANopenManager

[ 0K ] [ Cancel [ oK ] [ Cancel
b b

Figure 13 General PDO settings available via Edit or double click

] v ﬁH(SﬂﬂS X [ e SML_Drive_CAN_GenericDSP402 I Visualization [’m CANopen_Manager i/m Device _ Movelt }/m CAMbus | -
General o AddSDO [# Edit X Delete # MovelUp # Move Down
T Line  IndexSubindex Mame Value Bit length  Abort if error Jump to line if error Mext line Comm *
1 16#1005: 1600 Set COB-ID sync 1600000030 32 D D o
s00s 7 16#100C: 16%00 | Set Guardtime 1600000000 16 O O 0
3 16#1000: 1600 Set Lifetime 1600000000 8 |:| I:‘ a
CANopen Ij0 Mapping 4 16#1014: 16500 Disable Emcy CobID 16#30000081 32 Fl El 1]
5 16#1014: 16500 Set Emcy CobID 16000000581 32 |:| I:‘ a
Status 6 16#1016: 16#01 Set Heartbeat Consumer 16#007F012C | 32 O O 0
T 16#1017:16 Set Heartbeat Producer 16#000000C8 16 |:| |:| 0
Information 8 163 1400 Disable FDO 16#80000201 | 32 O O 0 i
] 16#1400: Set transmission type 16#FF 3 O O 0 i
10 16#1600: Clear pdo mapping 16#0 ] F E 0
11 16#1600: 16401 Set Mapping 16#60830020 32 O O 0
12 16#1600: 16402 Set Mapping 16#60840020 | 32 O O 0
13 16#1600: 16500 Set number of mappings 16#02 8 |:| |:| [u]
14 16#1400: 16501 Set and enable COB-ID 16%00000201 32 |:| I:‘ a
7 15 16#1401: 16501 Disable PDO 1630000301 32 |:| I:‘ a
16 16#1401: 16#02 Set transmission type 16#FF 3 F O 0
17 16#1601: 16300 Clear pdo mapping 16#0 8 F L] 0 =
18 16#1601: 16#01 Set Mapping 16#60610020 | 32 O O 0
19 16%1601: 16£02 Set Mapping 16#60FF0020 32 [d] O 0
20 16#1601: 16500 Set number of mappings 16#02 8 |:| |:| [u]
21 16#1401: 16501 Set and enable COB-ID 1600000301 32 ] FEl a
22 16#1402: 16501 Disable PDO 1630000401 32 |:| I:‘ a
23 16#1402: 16%02 Set transmission type 16#FF 3 F B 0
24 16#1602: 16200 Clear pdo mapping 16#0 3 F O 0
25 16#1602: 16#01 Set Mapping 16#60400010 | 32 O O 0
2% 16#1602: 1602 Set Mapping 16#607A0020 | 32 O O 0
27 16#1602: 1603 Set Mapping 16#60600008 | 32 O O 0 =
4 e 1 '—\ S 3
J SDO Timeout (ms): :iDDU ) [] Create all SDOompIeth

Figure 14 SDO tab of the settings which lets you define which part of the drive configuration shall be updated
at startup

Finally make sure to have the checkboxes to download the PDO Assignment and the PDO configuration
activated in the SDO tab of the settings (see Figure 14).

Then un-check and -re-check the Automatic mapping checkbox in Figure 11 to have CODESYS re-check the
available parameters.
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To have CODESYS re-check whether there are new useful parameters for a Soft-

a Motion axis, un-check and re-check the automatic mapping checkbox in Figure 11.
So whenever you added parameters to the mapping try to add them to the Soft-
Motion axis.
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Create your application

In our Product Application Note 164, Codesys and FAULHABER V3.0 EtherCAT, the complete application
and the interaction with the drive was implemented in structured text. When using a SoftMotionLight axis
the basic SoftMotion function blocks can be used to interact with the drive. Like in our Product Application
Note 185, where the SoftMotion axis has been used.

There is a more detailed description of the FBs provided with the SoftMotionLight
library within the CODESYS online help system.

The SoftMotionLight FBs all use the drive data structure AXIS_REF_CAN_DS402_SML. Each SoftMotion axis
creates one instance of it. This structure holds all the necessary data which are the ones exchanged with the
drive plus maybe some internal ones too which we don’t care about.

m CAMopen_Manager_SoftMotion 4 SML_Drive_CAN_GenericDSP402 X
SoftMotionLight IEC Objects
Variable Mappin Type
SML_Drive CAN_GenericDSP402: PpIng P
Parameters i SML_Drive_CAN_GenericDSP402 (-] Axis_REF_CAM_DSP402_SML
SML_Drive_CAN_GenericDSP402:
If0 Mapping
Status

Information

Figure 15 Mapping of the SML axis - this object instance would be SML_Drive_CAN_GenericDSP402

Here a short example using only a few of these FBs was implemented (Figure 17). There is only one real
automatic action implemented — moving back to the startpos after a first move. Otherwise the inputs to
enable the power stage, so to start the homing and to start a move are simply mapped to a visualization and
are then switched manually. The used FBs were:

MC_Reset_SML

The Reset FB can be used to acknowledge a drive error state indicated by bit 3 in the CiA402 status word.
MC_Reset_SML must be used to force the transition of the drive’s state-machine back into the switch-on
disabled state.

The FB must be connected to the correct instance of the axis structure.

The detailed configuration of the drive behavior in case of any detected error can be
configured using the MotionManager/ Drive functions / error handling. The drive
will end up in FAULT state for any errors where the FAULT mask has been set.
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57 Drive functions O *

| P Search | 4 ¢

- Operating modes . .
- Device control = Device control - Error handling

i General
Jotion profile Error mask (0x2321)

Bit Mask Error EMCY Fault Error Out Volt. Off Quick Stop  Mfr, Volt, Off
0 0x0001 Speed deviation error O O O O
1 0x0002 Following error
eql.!ence S 2 0x0004 Ower voltage error s E e -
i b Ambient parameters
IO i 3 0x0008 Under voltage Sl O
JoRdE et 4 0x0010 Temperature warning O O O =]
5 0x0020 Temperature error O
6 0x0040 Encoder error O O O [}
7 0x0080 Internal hardware error O O O O
8 0x0100 Module error O O ] |
9 0%0200 Current measurement error O O O O
10 00400 Memory error O O O O
11 0x0800 Communication error O O O O
12 0%1000 Calculation error O O O [
1302000 Dynamic limit O O ] ]
14 0x4000 Safety monitor error O
Value OxFFFF 00000 0x0000 0x0000 0x0000 0x402C
Abort connection option code:  |Fault signal ~ |

Save Close Help

Figure 16 Configuration of the FAULT handling using the MotionManager

MC_Power_SML

The MC_Power_SML block is interacting with the control word and the status word to enable or disable the
power-stage and control-loop. It requires to be connected to the correct instance of the axis structure —the
very same which has been instanced by the SoftMotionLight axis. Additionally, there is a Boolean input which
enables the FB to be evaluated and two Boolean inputs to start the drive and to enable the control -loop. As
these FAULHABER low voltage drives don’t need to be activated — not connected to the AC-grid by switching
a contactor, we can use the same input variable for both.

There are some outputs for the MC_Power_SML block which would have to be used, if this was an auto-
mated machine, but that’s not required in this simple example.

MC_Home_SML

Used to start and monitor the status of a drive-based homing sequence. The used homing method as well
as any inputs used by the homing sequence must be configured in the drive beforehand using the Motion-
Manager.

If the homing sequence doesn’t finish but ends up with a homing error, one of the
required inputs for the selected homing sequence might not have been configured
in the drive. E.g. a lower limit switch needs to be configured in case of a homing 1 or
homing 17 are to be used.

MC_MoveAbsolute_ SML

The MC_MoveAbsolute_SML block is used to move a single axis in a Point to Point manner (PTP). To do so,
it takes an absolute target position — in whatever scaling we configured for the SoftMotion axis — here pum.
And it takes some profile parameters like max. speed, acceleration and deceleration. These values are

Faulhaber Product Application Note 186 page 20 of 26



%

\/

2> FAULHABER

written into the drive where the drive-based profile generator is going to compute the intermediate posi-
tion-, velocity- and torque demand values.

The block of course again needs to access the instance of the axis structure. Then there are the parameters
for the motion itself and the binary “Execute” input which will start the motion at a rising edge of the input
value.

Here two of the blocks where used to move to a Pos A on an external trigger and move back to Pos B directly
after the first movement was finished. As these moves are absolute ones a proper adjustment of the position
is usually mandatory. Which is why here the start of the movement to PosA is enabled only after a successful
homing sequence.
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MC_Power SML —
| SML_Drve CAN GenencDSP402 = Status] PowerStatus g
EnzbleDnve Enable bRegulatorRealState—
RFG bRegulatorOn bDrvaStartRealStata—
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T = MC_Home_SML —
NOT— AND'—] A fixis Dons
Exacuta Busy— m
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1 ] Eror
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Exacuta Busyr—
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Execute Busy—
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AccFast hooeleration EmorD—
DecFast Decelemtion

Figure 17 Demo application using the SML FBs out of the libray

Run the drive

Running the drive is controlled via a simple visualization (Figure 18).

Initially the power stage and the motor control has been enabled using the Switch On/Off button and the
RFG button.

The required homing is started via “Start Homing” which of course requires a homing sequence to be se-
lected and the inputs configured in the drive.
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Afterwards the forward/backward moves can be started by the “Start Moving” button. A drive error can be
acknowledged by means of the MC_Reset_SML FB and the “Reset Drive Error” button.

[ Device ] cambus ||| CAMopen Manager | [f] MCS005 [  SML_Drive CAN GenencDSP402 (8] Visualization x [[g] Movelt

O Start Moving 0 Reset Drive Error O
@ @ Start Homing O Reset Refrence O

Switch On/Off RFG

Figure 18 CODESYS visualization for the demo application
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Additional Resources

FAULHABER Application Notes |

App-Note 174
‘ pp-TYote Setup and configuration of a CANopen sub-system ‘

FAULHABER manuals at www. faulhaber.com/manuals

FAULHABER demo systems at YouTube
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any liability for losses arising from its application by customers and other users. In particular, this Application Note and
its use cannot give rise to any claims based on infringements of industrial property rights of third parties, due to defects
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Amendments to the Application Note. Dr. Fritz Faulhaber & Co. KG reserves the right to amend Application Notes.
The current version of this Application Note may be obtained from Dr. Fritz Faulhaber & Co. KG by calling +49 7031 638
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