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1 Introduction

This document guides the user through the required steps, within Control Techniques Connect
software and Beckhoff's TwinCAT IDE, to get a NC motion control axis working with a Control
Techniques drive over EtherCAT.

The steps required to get the axis working are as follows:

ESI File Installation

v

Initial TwinCAT project setup

v

Setup an EtherCAT AoE connection from the PLC to the drive

v

Configure the drive using Connect

v

Commission the drive and motor using Connect

v

TwinCAT Axis Configuration

v

Moving the axis using TwinCAT test moves

v

Using PLCopen to move an axis

The end result is a Control Techniques drive that can be used with the NC axis motion control
function blocks included with TwinCAT.

RIINIH The ESI file must match the firmware of the EtherCAT module. Section 10.5 How to
upgrade EtherCAT Firmware.

VIl The information in this manual is backed up by training videos on YouTube.

@ Nidec Drives Support - YouTube
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https://www.youtube.com/channel/UCoJ2Rr3XO88Lp-FQSLn8dbQ
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2 ESI File Installation

1.

Get the latest ESI files from the Control Techniques Section of the Nidec Drives website and
extract the contents of the .zip file.

Make sure that TwinCAT is not running. Close the program if it is.

Extract the contents of the ESI file zip.

] = | Standard

Home Share View

- = ~ 1 » ThisPC » Documents > EtherCAT » ES|_Files » Standard v & Search Standard

GlobalAppsProtected ~ Mame Status Date modified Type Size

Kene Ece Disc

UnidriveM @ 30/ 230 File folder

Manuals & Beckhoff Cloocxml @ 23 Microsoft Edge H...
Parameter Files & Control Techniques Commander C200.xml & 23 Microsoft Edge H...
TwinCAT Beckhoff L Control Techniques Commander C300.xml & 23 Microsoft Edge H...
& Control Techniques Digitax HD M730xml & 23 Microsoft Edge H...
o Creative Cloud Files & Control Techniques Digitax HD M731xml & 23 Microsoft Edge H...
@ OneDrive - Nidec L Control Techniques Digitax HD M733xml @ 23 Microsoft Edge H...
Apps L Control Techniques Digitax HD M754xml & 23 Microsoft Edge H...
& Control Techniques HVAC H300xml c] 23 Microsoft Edge H...

Attachments
& Control Techniques Pump Drive Fo00xml & 23 Microsoft Edge H...
M) Desktop & Control Technigues Unidrive H530.xml @ 23 Microsoft Edge H...
=] Documents L Control Techniques Unidrive HS70.xml e} 23 Microsoft Edge H...
Microsoft Teams Chat Files & Control Techniques Unidrive HS71.xml c] 23 Microsoft Edge H...
Notebooks & Control Techniques Unidrive HS72.xml @ 23 Microsoft Edge H...
= Pictures W Control Techniques Unidrive ID300.xml (] 23 Microsoft Edge H...
Transfer & Control Technigues Unidrive [D302.xml (] 23 Microsoft Edge H...
Whiteboards & Control Techniques Unidrive M200.xml c] 23 Microsoft Edge H...
& Centrol Techniques Unidrive M201xml @ 23 Microsoft Edge H...
[ This PC & Control Techniques Unidrive M300xml @ 23 Microsoft Edge H...
B 2D Objects & Control Technigues Unidrive Ma00.xml (] 23 Microsoft Edge H...
[ Deskiop & Control Techniques Unidrive M&00.xml c] 23 Microsoft Edge H...
& Documents & Control Technigques Unidrive M700xml @ 23 Microsoft Edge H...
& Control Techniques Unidrive M701xml @ 23 Microsoft Edge H...

A Neunlnzde e
3litens 31 items selected  Available on this device

Copy the contents of the zip to “C:\TwinCAT\3.1\Config\lo\EtherCAT” or for newer
installations of TwinCAT “C:\Program Files (x86)\BeckhofATwinCAT\3.1\Config\lo\EtherCAT”

4. When TwinCAT is next run, it will recognise Control Techniques drives after a “Scan”.

&ILIH The ESI file must match the firmware of the EtherCAT module. See section 10.5
How to upgrade EtherCAT Firmware.
14

wlVIK If the ESI files don’t match the firmware in the EtherCAT option, after scanning the
network and adding the EtherCAT master in the “I/O” section, the drives will appear as
“Box 17, “Box 2” etc.

4
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https://acim.nidec.com/drives/control-techniques/services/Drive-Setup

3 Initial TwinCAT project setup

To allow Connect to communicate to the slave drives in the EtherCAT network, an AoE (ADS over
EtherCAT) connection must be configured.

Before continuing, an Ethernet cable should be connected between the Ethernet port of the
programming PC and the Ethernet port of the PLC / IPC / Controller (X000 in the diagram below).

A second Ethernet cable should be connected between the EtherCAT port of the PLC / IPC /

Controller (X001 in the diagram below) and the EtherCAT post of the Control Techniques Drive / SI-
EtherCAT module in use.

It is assumed that the Ethernet addresses of the programming PC and PLC / IPC / Controller are in
the same range e.9.192.168.1.x.

X000
== 192.168.1.207

X001 TR
192.168.2.20 g

o

EtherCAT Ethernet

PC
192.168.1.50

This section shows the first steps required to get connected to a Beckhoff PLC/IPC.

1. Start TwinCAT. For the purposes of these examples the TwinCAT XAE Shell will be used

to run the TwinCAT IDE. This is available even if the PC doesn’t have Visual Studio
installed.

%

TwinCAT XAE
Shell
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2. Select “New TwinCAT Project”:

Open
Open Project/ Solution

New project

|a New TwinCAT Project...

New Measurement Project...

Search project templates

a TwinCAT XAE Project (XML format)

Create new project...

TwinCAT Projects

3. Give the project a sensible name e.g. “MotionProject” and then click “OK”.

New Project
b Recent Sort by
4 |nstalled

b TwinCAT Measurement
TwinCAT Projects
TwinCATPLC
TcXaeShell Solution

Mot finding what you are looking for?

Open Visual Studio Installer

ﬁ TwinCAT XAE Project (XML format)

TwinCAT Projects

Search (Ctrl+E)

Type: TwinCAT Projects

TwinCAT XAE System Manager
Configuration

Mame: IMOtIOHPrOJECt I
Location: | C:\Users\jenesc01\OneDrive - Midec\Documents\TcXaeShell

Solution name: MotionProject

o o |

Create directory for solution
D Add to Source Control
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4. Select the target PLC. If your PLC has previously been connected to a TwinCAT project,
then the ADS Address of the PLC is shown.
2] MotionProject - TeXaeShell
File  Edit View Project Build Debug TwinCAT  TwinSAFE PLC  Teamn  Scope Tools  Window  Help
ieo-o|lB-h-g W | | 9 - © -| Release ~ | TwinCAT RT (x64) ~ B Attach... +

2|2 &

5 Build 4024.55 (Loaded) ~ <

Iy ﬁé| MationProject - || <Local> - ;

<Local>
Solution Explorer CX-3F43E4 (5.63.67.228.1.1)
@ & v| ACR=L | ﬁ|E| Choose Target System...
Search Solution Explarer (Ctrl+;) P~

R Solution 'MotionProject’ (1 project)
4 Ha MotionProject
bl SYSTEM
MOTION
PLC
4| SAFETY
E C++
VISION
ANALYTICS
b 110

If the PLC hasn’t previously been connected to a TwinCAT project, then select “Choose
Target System...” and then “Search (Ethernet)” from the “Choose Target System” dialog.
Choose Target System Y

=Y <Local> [10.14310.83.1.1) oK

Cancel

Search [Ethemet]...

Search [Fieldbug]...

[]5et as Default

Connection Timeout (5]: 4 =
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5. When the “Add Route Dialog” starts, click “Broadcast search”.

Enter Hozt Mame / |P; | | Refrezh Status Broadcast Search

and then select the adapter to search for compatible devices and click “OK”:

[]Intel(R) Ethernet Connection (16) 121941M 192.168.1.239 255,255.255.0
[]Realtek USE GbE Family Controller  192,168.1.238 255.255.255.0
[]Intel(R) WiFi 6E AX211 160MHz 10.75.12.64 255.255.254.0

(04 Cancel
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6. Select the PLC to connect to and then click “Add Route” and then “Close”.

Enter Host Mame / IF: | | Refrezh Status Broadcast Search
HostMame Connected  Address AMS Metld TwinCAT 05 Wersion  Fingerprint
Ce-3F43E4 & 1921681207 BGE3E7 22811 314024  ‘winCE (B0 47984455153EE 41757778757 2F2
CH-3F43E4 & 1921681207 5636722817 314024 ‘winCE (60 47984445153EE4175777E7a72F2E
< >
Foute Mame [T arget]: |C-3Fa3E4 | Route Name (Remote)l | GBMEWGRO1334
Arnzetld: |5-53- E7.228.1.1 | Target Foute Remote Route
Vitual AmsNetld [NAT) | | O Froject O Nane / Server
T . (®) Static (®) Static
et VCP 1> - () Temporary () Temporary
Address Info: |'I 32.168.1.207 |
(O HostMame (@ IP Address Advanced Settings [J Unidirectional

Connection Timeaut [z]: 5 =
t4au Fragment Size (kByptel: |0 = Add Route || Cloze

IIN If there is an Administrator password challenge the default password is “1”

14
Wl For brand new IPCs it is likely that the runtime hasn’t been installed, and that the
EtherCAT port hasn’t been assigned. See section 10.6 How to setup a Beckhoff IPC

14

Click “Yes” if the message below appears:

Active solution platform TwinCAT RT [x&4)' differs from new
target platform "TwinCAT RT [x86)'!

Change solution platform?
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If this doesn’t allow connection, Ping the IP address for the device or connect via Remote
Desktop to ensure the connection to the PC is good. Then enter the IP address into the
“Enter Host Name / IP:” and press enter.

Enter Host Mame / 1P: |'IEI2.1EB.'I A | | Refresh Status Broadcazt Search

Hogt Mame Connected  Addiess  AMS Metld  TwinCAT 05 Yersion  Fingerprint Comment

Foute Hame [T arget): | | Foute Mame [Remote]: |GBNEWGHD1384

Amshetld: | | Target Route Remote Route
Vitual AmsMetld (NATE | | (O Project () None / Server
(®) Static (®) Static
Transport Type: TCP_IP V O Temporany O Temporany
Address Info: | |
(O HostMame @) 1P Address Advanced Settings Unidirectional

Connection Timeaut []: 5 =
Max Fragment Size (kByte] |0 = Add RBoute Close
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7. An optional step is to clean up any unrequired items from the project tree e.g. this

example doesn’t require Safety, C++, or Vision etc. To do this right click on the item and
select “Hide xxxx”.

Solution Explorer

Qe o-a| kL=

Search Solution Explorer (Ctrl+;) -

fa] Solution ‘MotionProject’ (1 project)
4 Ihi MotionProject
b @l SYSTEM
MOTION

E Cot Add Mew tem... Ins

VISIo "0 Add Existing ltem... Shift+Alt+ A
ANAL Rename

b= o
= Hide SAFETY Configuration

Solution Explorer

@8- o- 8| s
Search Solution Explorer (Ctri+;) P~

fa] Solution 'MetionProject’ (1 project)
4 “i MeationProject
b @l SYSTEM
MOTION
O PLC
= NV}
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8. Expand “System” in the project tree, click on “Real-Time”:

Solution Explorer
WE-| o-a| s

Search Solution Explorer (Ctrl+;)

&1 Solution 'MotionProject’ (1 project)
4 Hi MotionProject
4 [ SYSTEM
_‘ License
| » @ Real-Time |
Tasks
=tz Routes
315 Type System
[E] TeCOM Objects
MOTION
Bl PLC
b Iy

When the project settings tab appears, Select “Read from Target” to update the

information on the number of processing cores.
MotionProject & >

Settings  QOnline  Priorties  C++ Debugger

Router Memory Global Task Corfig

Corfigured Size [MB]: 32 5 b amimal Stack Size [FE] G4KB
Allocated / Available: 32/3

Available Cores

Shared / |solated: 1 =0 [ Read from Tanget I Set on Tanget
Core RT-Core | Base Time | Core Limit

0 [ Default 1ms ~ls0%

9. Make sure the TwinCAT is in Config Mode by clicking on in the tool bar and then
click “OK” when prompted with the “Restart TwinCAT system in Config Mode” message:

S %

m
m

e Restart TwinCAT System in Config Mode

Failure to do this may result in the “Scan” feature being greyed out. Click “Yes” to the

“Activate Free Run” pop-up.

_— -

o Activate Free Run
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4 Setup an EtherCAT AoE connection from the PLC to the drive

An EtherCAT AoE (ADS over EtherCAT) connection allows communications between the drive(s) and
the Connect PC tool in systems where the only communications connection to the drives is EtherCAT.

In the latest version of Connect it is possible to access the drive using the EtherCAT masters AMS

network ID:

Quick Scan

2

Scan Ethernet
network

Scan Results

i

Scan TwinCAT
ADS network

TwinCAT: AMS Net ID
169.254.29.230.3.1

i

Select a scan to perform from the options above.

a A &
Scan Scan serial Scan Ethernet network
BluetoothLE RTU network via gateway/EoE

Q

Scan all
networks

1. Expand the “I/O” category in the project tree, and then right click on “Devices” and select

“Scan”:

DE-|o-a| =
Search Solution Explorer (Ctrl+;)

3] Solution 'MotionProject’ (1 project)
4 “a MotionProject
4 [ svsTEM
' License
b @ Real-Time
& Tasks
=i= Routes
¥[= Type Systemn
TcCOM Objects
MOTION
PLC

Add Mew Folder...
Export EAP Config File

5T
¥, Scan

Solution Explorer 1 x

ﬁ:l Mappin 3 Add Mew ltem... Ins
‘0 Add Existing ltem... Shift+Alt+A
Rename

Paste

Paste with Links

Ctrl+V

I If “Scan” is greyed out, put TwinCAT in “Config” mode by pressing the following

button .

2. Click OK on the message below:

HIMT: Not all types of devices can be found automatically

oK Cancel
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3. Select the “(EtherCAT)” device and then click “OK”.

D euice bt ion Brotocall [PCINT ol 825442] (]
Dievice 3 [EtherCAT]  [PCINT cl8254x1]
Cancel
Select All
Unzelect All

4. Make sure the Control Techniques drive has a suitable Ethernet cable connecting the drives
EtherCAT port to the PLC’s EtherCAT port. To use the PLCopen functionality the drive must
be either a Unidrive M or a Digitax HD.

5. Next, TwinCAT will prompt the user to scan the network for boxes. In this context, boxes
means EtherCAT devices connected to the PLC’s EtherCAT port. Click “Yes” to accept this.

o Scan for boxes

Yes Mo

If there are any issues connecting to the target drives, the ESI files in TwinCAT
may not match the firmware in the EtherCAT interface on the drive. The ESI file must
match the firmware of the EtherCAT module. Section 10.5 How to upgrade EtherCAT
Firmware for details on how to update the firmware.

6. When the axis is found the “EtherCAT drive(s) added” dialog is shown. This guide is for
PLCopen which requires the “NC — Configuration”. Select this and then click “OK”.

Append linked axiz to; (®) ML - Configuration oK
() CMC - Configuration

Cancel
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7. When the scan process is completed the PLC/IPC ADS Net ID, (used by Connect), may be
located. Double click on the EtherCAT network Master in the Solution Explorer, e.g. “Device
2”, and then select the “EtherCAT” tab. The AMS network ID is given next to “Netld:”.

Solution Explorer MAIMN.Motion MAIMN
f:j B '| Y@' - | 'ﬁE General Adapter Online  CoE-
Search Solution Explorer (Ctrl+;) P~
. o _ Netld: [169.254.29.23031 |
fa Solution 'Dual Drive Rig' (1 project)
4 il Dual Drive Rig Datarate: 100 MBit/s |
b SYSTEM
b MOTION
b PLC
4 F o
4 4}‘% Devices
|% = Device 2 (EtherCAT) | fame | Cnd | ek -
4 al r:"lapp'”gs , WMo noP 00000 x0900 4
.;, :E-Iask'l SAF - Dev!cel (EtherCAT) 1 .1] ARMW (<0000 Gc0S10 &
B -Task 1 SAF - Device 2 (EtherCAT) Info .ﬂ LRD 109000000 1

VI The EtherCAT port device number varies between different PLCs, depending on
the network ports available. In general, the port required will be described as Device (n)

(EtherCAT).

8. Click the “Activate Configuration” button and then click “OK” if the “Activate Configuration”
dialog appears:

Relea

-o-o R X Ea §

.oaded] - ;E|E$ |'_ﬁ

Project: | MotionProject I |
Target: CX-3F43E4 |

[ ] Autostart PLC Boot Project(s)

CK Cancel

Click “OK” on the “Restart TwinCAT in Run Mode” dialog:
TcXaeShe >

o Restart TwinCAT System in Run Mode

OK Cancel
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9. If the system is operating properly the status icon in the bottom right corner of TwinCAT will
show a green box with a rotating cog:

HGI T Toolbox

EL

10. Communications will now be running and Connect will be able to search for the drive(s) on
the EtherCAT network using the “Netld:” from step 7.

Quick Scan
Q Q & Q Q Q
Scan Ethemet Scan TwinCAT Scan Scan serial Scan Ethemet network Scan all
network ADS network BluetoothLE RTU network via gateway/EoE networks

TwinCAT: AMS Net ID
168.254.29.230.3.1 ﬂ

Scan Results

Select a scan to perform from the options above.
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5 Configure the drive using Connect

Create a new Connect project to configure and commission the drive for the motion application:

1. Open the Connect PC software by double clicking the “Connect” icon.

C

Connect

2. Ensure the version of Connect is a minimum V3.0.0. If an earlier version is installed please
upgrade to V3.0.0; the software file may be obtained from your local Control Techniques
Drive Centre / Distributor, or http://acim.nidec.com/drives/control-techniques, or Control
Techniques Support Suite.

Connect

(- .
B 2025 Nidec Control Technigues Ltd. All rights reserved, u""dEL Dnugg

3. When Connect opens select “New project from network scan”.

Q

MNew project from
network scan

4. Select the communications type, such as ADS, to scan that network and locate the drives to
be configured:

Quick Scan
Q Q & Q &Q Q
Scan Ethernet Scan TwinCAT Scan Scan serial Scan Ethernet network Scan all
network ADS network BluetoothLE RTU network via gateway/EoE networks

TwinCAT: AMS Net ID
169.254.29.230.3.1 1]

Scan Results

Select a scan to perform from the options above.

SIININ Section 4 Setup an EtherCAT AoE connection from the PLC to the drive
shows where to get the EtherCAT AMS Net ID / ADS Network ID in TwinCAT.
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5. When the scan completes all of the available nodes on the network will be found.

6.

Scan Results

Mew project with
selected drives

@ Praject 'My Project 4' will be created in 'C\Users\jonesc01\OneDrive - Midec\DocumentshControl TechniqueshConnect Cobalt’

Mame: My Prﬂject 4

Location: CiUsers\jonesc01\Onelrive - Nidec\Documents\Contral Technigues\Connect Cobalt

Finished scanning for devices. (2 found.)

" Scanning TwinCAT ADS - 2 devices found

< Address Type Name Serial number
v 189.254.29.230.3.1:1001  Unidrive M700 123456739
v 169.254.29.230.3.1:1002 Unidrive M700 987654321

IV For this to be successful on an EtherCAT-based network, the Beckhoff TwinCAT
PLC/IPC must be running, as indicated by a green “TC” LED on the PLC/IPC and the
activated symbol highlighted in TwinCAT.

Give the project a meaningful name and then click “New project with selected drive”.

New project with
zelected drives

@ Praject 'ADS TwinCAT' will be created in ‘C:\Users\jonesc014CneDrive - Nidec\Documents\Cantrol Techniques\Connect Cobalt'

Mame: ADS TwinCAT

Lacation: ChUsers\jonesc014Cnelrive - Nidec\DocumentshControl Techniques\Connect Cobalt

Finished scanning for devices. (2 found.)

«# Scanning TwinCAT ADS - 2 devices found

v Address Type MName Serial number
| 169.254.29.230.3.1:1001 | Unidrive M700 123456789
| 169.254.29.230.3.1:1002 | Unidrive M700 987654321
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7. When the project opens, all drives on the network will be “Online” as indicated by the blue
highlight on the “Online” button, the green dot next to each drive node in the Explorer tree,
and the green border around the active tab.

File Home View Tools

BB 3 ¥ ([£4(» v I %

Add Project Uplcad Download Online | Upload Downlocad Connection Set meds

drive~ Overview to project from project from drive  to drive settings  and regia
Project Drive - Unidrive M700 {169.25
Explorer siessssmmmmmmmniss v 0 X References (169.254..9.230.3.1:1001) X
ADS TwinCAT
Unidrive M700 (169.254.29.230.3.1:1001) O Rmmmae O Trmmmmes
Eumdrive MO0 (169.254.20.230.3.1:1002) Drive Motor & Feedback
Configuration

This means that any changes made take direct effect in the drive.
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The first drive in the Explorer list is selected and has it’s drive setup wizard opened.

ADS TwinCAT ~ r-\ f-\ h f-\ A {-\ ~ m
[ @ unidrive M700 (169.254.29.2303.1:1001) | . W, W) W W, ) ), \; W, O
@ Unicrive M700 (169.254.29.2303.111002) Drive  Motor & Feedback  Brake References  EtherCAT Setup imts  SaveParameters AutoTune  Motor & Performance Finalise
Configuration Iner Tuning

Drive Configuration - (Unidrive M700)

Model | 03200050 ~ | 0.75kW (54) -
Mode |REC-S v -
E Unidrive M700 (169.254.29.230.3.1:1001)
v 8% Setup Region| 50Hz v =
Drive Configuration
Motor & Feedback Options
Brake
References
Siot 1 <
Limits
Save Parameters - .
Auto-Tune
Metor & Load Inertia Siot3 | s-EthercaTv2 v || [
Performance Tuning
Firalize Onboard |Ethemet  ~
> & Ethemet
> @ Options R P s
+ B3 soons estore to factory settings?

& Maintenance
VW Oscilloscope
Cy: Terminal Overview
v [E Diagnostics
Drive Diagnostics
Destination Conflicts
Onboard Scope
> =B Parameters
[ Parameter Reference Guide
> ®I8 Block Diagrams
> 10 Files

Click the button below if you would like to setup the drive from default rather than continue with existing settings

Rl L ANTRgl  Note: After defaulting, use the setup screens to make the changes you want then download to the drive

On this page the user can default the drive to remove any previous setup, change the
operating mode to match the motor that has been connected to the drive, and select the

region e.g. 50Hz or 60Hz.

Has comms been lost after changing the drive mode? This might be because the
EtherCAT interface has V1 firmware installed which as a part of the start-up checks
includes the drive mode. V2 firmware removes this issue. If the drive mode is changed
the comms connection stops completely, in TwinCAT, change to “Config mode”, delete
the EtherCAT drive nodes, and then right click on the network master and select “Scan” to
add the nodes in their new mode, and then activate the configuration. Alternatively,
uncheck the “Check Product Code” and “Check Revision Number”, and then activate the

configuration. See also section 10.5 How to upgrade EtherCAT Firmware.

Solution Explorer
@e-|o-a| s

2] Solution 'Dual Drive Rig’ (1 project)
4 ] Dual Drive Rig
> @l SYSTEM
b & Momon
4 @rec
4 [} Dual Drive Rig
4 & Dual Drive Rig Project
[ External Types
b [ References
=3 DUTs
3 GVLs
4 [ POUs
b [ Function Blocks
b [ Functions
4 5] MAIN (PRG)
[, EGB_Test
AR Motion
(3 VISUs
243 Dual Drive Rig.tmc
b Gh PlcTask (PicTask)
0f) Dual Drive Rig Instance
4 Bvo
4 %, Devices
4 =% Device 2 (EtherCAT)
% Image

v

*8 image-Info
2 SyncUnits
Inputs
i Outputs
@ InfoData
b = Dnive 2 (Unidrive M700 RFC-S)
4 &% Mappings
a7 NC-Task 1 SAF - Device 2 (EtherCAT) 1
@7 NC-Task 1 SAF - Device 2 (EtherCAT) Info

vevw

= 4 x| IR MAIN.Motion MAIN

General| BherCAT |OC  ProcessData Plc  Sots  Statup CoE-Onine AoE-Onine Onine

] Set Mutipher (Reg. 400h)
[ et PDI Watchdog (Reg. 410h):
[JSet SM Watchdog (Reg. 420h)

£ Type. Unidive M700 RFC-S
Product/Revision: | 16974082 / 3361993
Auto Inc Addr 0
BheCAT Addr: [] [1001 s Il Advanced Settings |
5 General O T
Behavior
Timeout Settings Startup Checking State Machine
Identification [ Check Vendor Id 4 Auto Restore States
FMMU / SM ] Check Product Code [CJ Wat for WeState is Ok
| Mal'l::f"’"’“‘""‘ (] Check Revision Number [ Relnk after Communication Error
+ Distributed Clock £ Log Commurication Changes
& ESC Access [ Check Serial Number —
[ Check kertficaton @OP (O SAFEOP in Corfig Mode
Process Data QsareoP QOPREOP  QINIT
(] Use RO/WR instead of RW fo Data
i [ include WC State Beis) M inciude State
{ [ Frame Repeat Support [ Include Ads Address
{ [ Clear Invaiid input Data [ Include AoE Netld
{ [[JCreate SM/PDO Vaniables [ Include Channels
General [ include DC Shit Times
1 ! [ inchude Object id
q Watchdog

oK Cancel

4
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The guided setup section is selected by either the “Next” and “Back” buttons, or by directly
selecting a section by clicking on the circle section markers.

Drive Motor & Trake References  LtherCAl Setup Limits Save Parameters  Auto-Tune Motor&Toad  Performance Finalise (_Ba‘:k Next =

Configuration Feedback nertia Tuning

When finished, click “Next” move to the motor and feedback setup.
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9. Setup the motor and feedback device on the “Motor and Feedback” page. The required data for
the motor and feedback device will be available on the motor name plate or the technical data
sheet for the motor.

O Q)

Lz Motor &
figuration Feedback

2O OO

Auto-Tune

Q  crmmm

Motor Search

Q Enter the motor model number or a custom motor name: Save Export
.
hd Delate Import
Motor Setup Feedback selection
Motor Type |Permanent Magnet Seno v . Fesdback Mode | Feedback device ¥ = Motor Control Feedback Select |P1 Drive > .
Summary | Advanced | Auto-tune
Feedback type
Rated Current 1200 T v|A -
L) y
P1 Device Type [AB Servo v - © Rf"”’
Rated Voltage 230 0 ~v|v ] near
Basic | Advanced | Error Detection
Rated Speed 300000 T~/ rpm -
P1 Supply Voltage 5V v »
Number Of Motor Poles 6 + Poles =
P1 Termination Select 10~ -
Volts Per 1000rpm 98 vV [
P1 Rotary Lines Per Revolution | 4096 L]
Torque Per Amp 160 5 v/ NmiA -
P1 Rotary Turns Bits 16 0~ -

Thermistor Setup

Thermistor Connection Drive P1 v .
Thermistor Fault Detection | Temperature v -
P1 Thermistor Type DINA40S2 v =
P1 Thermistor Reset Threshold | 1800 2 v |0 .
P1 Thermistor Trip Threshold 3330 £ v|0 .

The user must configure the motor, feedback device and thermistor setup here.

For a permanent magnet motor, the user must set the Torque Per Amp field on the motor
feedback step. If the value of Kt isn't provided on the rating plate, it approximated by dividing the
Motor rated torque by the Motor rated current. For an induction motor, the drive calculates the Kt
value from the motor data. This value is used by the motor and load inertia calculation step, which
helps make the motor tuning simple with a single slider.

Help is provided throughout Connect using small help trigger squares ™ :

Summary | Advanced | Auto-tune

Feedback selection

Rated Current 2100 [ v A L]
Feedback Mode | Feedback device v u Mot
Rated Voltage 230 O ov|v )
Rated voltage
Number Of Motor Poles 6 5 Pales L]
This is set to the motor name plate rated voltage in a.c. nm.s volts (V).
Rated Speed 300000 v rpm ul| Forinduction motors the rated voltage changes dependent on whether
the motor is wired in Star, (Y), or Delta, (1), configuration e.g. a commoen
e configuration is 400V in Star (Y) and 200V in Delta (&), For a servo
ol =lPerg] 00pm 98 v vV - motor, in most cases the drive default is fine as this parameter does not
have an effect unless field weakening has been enabled.
Torgque Per Amp 1.60 o v Nm/A L]
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It is possible to save a motor and encoder configuration for later use; these are searchable too.
Motor Search

Q Enter the motor model number or & custom motor name: Save Export

Delete Import

VIl Control Techniques Dynamics permanent-magnet servo motors and Leroy Somer

induction motors and permanent-magnet process motors may be found using the motor
search:

Motor & Feedback (16.9.2303.1:1001) X

0.00 .......... O ......... OOOO ......... O

Motor &
Feedback

Motor Search

q Please enter at least 3 characters of the motor nameplate to begin searching
o081
CT Dynamics, 06TEDA300XAFMA, 10 poles, 220V, 3000rpm, 1.5A, No Brake, Custom, Key, Heidenhain ECI1118 EnDat 2.1 18-bit, DIN44082
Moto C7 Dyremics A300SAFMA, 10 poles, 220V, 3000rpm, 1.54, No Brake, Single Cable, Key, Heidenhain ECI1118 EnDat 2.1 18-bit, DIN44082
CT Dynamics, A300SAFMC, 10 poles, 220V, 3000rpm, 1.54, No Brake, Single Cable, Key, Heidenhain ECI1118 EnDat 2.1 18-bit, KTY24.130

T Munamice NETENAINCAARA 10 nalas 2300

AMWiemrm 1EA Nn Reaba Cincla Fahls Vo Barnhear D nalae N6 &bl MINAANED

4

For induction motors, where the thermistor is not typically connected to the encoder interface D

Type, and instead, is connected to a terminal on the drive ( e.g. Analogue input 3). Set Analogue
Input 3 Mode to Thermistor.

Thermistor Setup

Thermistor Connection Analog Input v L]
Thermistor Fault Detection [ ]

Analog Input 3 Thermistor Type DIMN44082 ~ L]
Analog Input 3 Thermistor Reset Threshold | 1800 . v |Q u
Analog Input 3 Thermistor Trip Threshold 3330 . ~ |0 L]

If the drive is either a Digitax HD or a Unidrive M with firmware >=V01.61.01.00 and the motor is
one from Control Techniques Dynamics that has an electronic nameplate loaded into the encoder,
the motor and encoder data is setup automatically where the “Motor & Feedback” page looks like
the example below:

Parameter values have been laaded from the digital matar nameplate, Values effected are highlighted in blue.

Motor Search

q Enter the mator model number or a custom matar name: Save Export

Delete Impart
Motor Setup 067EDA300XFMAO05140-SRBS (124600122) Feedback selection
Motor Type Parmanent Magnet Senva fesdback Made  Feedback device " botar Contrl Fesduack Seect |P1 Dre v
s Feedback type
Rated Current 1500
P1 Device Type |EnDat ~ o
Rated Voltage 20 v . .
Sasic | Advanced
Rared Speed 300000 % | pm
P1 Supply Voltage W v
Naumber OF Motor Poles 10 % Foles

uration Select Enabled v

Torcque Per Amp 083 I v Nma

Thermistor Setup

Thermistar Cannection Drve Pl
Thermistor Fault Detection Temperature
P1 Thermistor Type DNR2

P1 Thermistar Reset Threshold 1800 o

The light blue highlight shows that the electronic nameplate has been loaded. In addition, for

EnDat 2.2, EnDat 3.0 and BiSS-C encoders the “Encoder type” fields are also configured
automatically.
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When finished, click “Next” to move to the brake setup.

10. The brake setup page allows braking resistor properties to be configured. The braking resistor
is used to dissipate motor energy when slowing down. The settings provide protection for the
braking resistor in addition to a thermal overload circuit which is typically provided with the
resistor.

It is also be used to set up the drives mechanical brake controller. The mechanical brake
controller releases and applies the mechanical brake automatically, making sure that the load
is always controlled by either the motor or the mechanical brake. It is typically used in hoisting
applications. For the majority of applications, assigning the “Brake Control: Brake Release”
Output, setting the time for the brake to physically release the load in “Brake Control: Post-
brake Release Delay”, and the time for the brake to physically apply and hold the load in
“Brake Control: Brake Apply Delay” is sufficient.

Brake (169.254.29.230.3.1:1001) X

............................ O

Save Parameters Auto-Tune M

Dynamic Braking Resistor

Is 3 dynamic braking resistor fitted? v/

Braking Resistor Resistance 200 v|0 O The resistor must be connected between the BR terminal and +DC.
It is recommended to fit a thermal protection device.

The minimum braking resistance for this drive is 22 Q.

The brakes instantaneous power rating is 7.7 kW.

The brakes continuous power rating is 1.5 kW.

Braking Resistor Rated Power 0050 5 v |kw .

Braking Resistor Thermal Time Canstant | 3300 0 | s .

Mechanical Brake Control

The mechanical brake controller is used in hoisting applications to ensure that the load is always being controlled by either the drive or the brake, when moving and stopping the load. The controller checks that the
motor is producing torque to hold the load and compensates for the delay for the brake to physically release and apply.

Is & mechanical brake fitted? |v|

Terminal Invert  Parameter

T hone v] Brake Control: Brake Release
) External Brake Released Indicator

Mechanical Brake Control Settings

Brake Control: Brake Apply Speed 5 2 v rpm L]
Brake Control: Brake Delay 107 vis (]
Brake Control: Post-brake Release Delay (10 J v s L]
Brake Contrel: Brake Apply Delay 105 v|s L]

For more information on the mechanical brake controller logic and timings see section 11.1
Mechanical brake controller logic.

When finished, click “Next” to move to the reference setup.
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11. The reference setup page for an EtherCAT motion control application, is where the maximum
reference clamp is defined. Normally, the maximum reference clamp must be set to the motor
rated speed, however, in some applications this is modified and may be adjusted from this
page.

References (169.254...9.230.3.1:1001) X

OO O @ Qe Qo Qe O QOO

Auto-Tune
Configuration

Reference Source

Select the reference to control the motor | Motion Control over Fieldbus v = Reference source automatically st to Motion Control over Fieldbus due to presence of fieldbus option
Profile Setup
Maximum Reference Clamp | 30000  ~ rpm = Minimum Reference Clamp |00 2 v rpm =

The other mation profile properties are configured using the 3rd party controller and DS402 objects
as detailed in the user manual for the fieldbus interface

When finished, click “Next” to move to the EtherCAT setup.
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12.

13.

The EtherCAT Setup page allows the user to configure the stop behaviour from a digital input
and from a loss of comms.

EtherCAT Setup (169..9.230.3.1:1001) X

O e

nits Save Parameters  Auto-Tune

EtherCAT Setup

Easy Stop

Easy Stop allows the drive to be stopped using a pre-defined deceleration rate if a digital input is activated or if EtherCAT messages stop being received by the drive.
The stop is handled so that any position following error is removed when the stop is activated.

Do you want to configure the Easy Stop behaviour?

Easy Stop Mode =

Easy Stop Deceleration Rate | 0.200 7 | 5/1000rpm =

Zero Speed Threshold 5 2 vimpm =

Network Loss Behaviour
If the EtherCAT netwark communications go down, configure the loss conditions for the easy stop to be performed.

Controlled Stop Metwork Loss Threshald [0 [ L]

Stop on a Digital Input

If you would also like to perform an easy stop on a change of state of a digital input, specify the input below.

Terminal Invert

None v

When the “Easy Stop Mode” box is checked, the user can assign a digital input that will cause
the axis to stop. The axis is permitted to run when 24V is applied to it, but if 24V is removed
the axis will stop, using the “Easy Stop Deceleration Rate”.

The “Easy Stop Deceleration Rate” is also used when there is a loss of EtherCAT
communications. The “Controlled Stop Network Loss Threshold” is a weighted threshold that
increases by 3 for every missed message and decreases by 1 for every received message. In
this way, occasional missed messages don't affect the system, but a more permanent loss of
messages such as a broken EtherCAT comms cable will stop the axis.

The “Zero speed threshold” is used by the CiA402 state machine, (the CANopen motion
standard used to control the axis over EtherCAT communications), to verify that the axis has
actually stopped before allowing further movement. The default value is suitable for most
systems except those that have a noisy or low-resolution feedback device, in which case the
value must be increased to account for the additional feedback noise.

When finished, click “Next” to move to the Limits setup.

The limits page allows the user to assign digital inputs to become hardware limit inputs. If the
application doesn’t have hardware limits, leave the digital input assignments empty and move
to the next step.

Limits

Hardware Travel Limit Configuration

Setup the 24V digital inputs used to trigger the positive and negative hardware limits. Note that when 2 limit is it the axis will try to stop instantly with no profiling

Terminal Invert  Parameter

) Forward Limit Switch
I :I None v Reverse Limit Switch

When finished, click “Next” to move to the Save Parameters page.
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14. The save parameters page allows the parameters configured so far to be saved. It is advised
to do this prior to the commissioning activities since the power might have to be removed to
correct a hardware issue as a result of a failed Autotune test, such as a reversed motor or
encoder wiring.

Save Parameters (169..9.230.3.1:1001) X

OO O Qe O O @O O OO v

Motor & Feedback References EtherCAT Setup

Drive
Configuration

Save Parameters

®

Save
parameters in

Backup

Backup to
Paremeter File

This completes the configuration section of the guided setup. The next section of the manual
describes the commissioning of the drive and motor using the remaining steps in the guided
setup.
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6 Commission the drive and motor using Connect

This section describes the process of commissioning the drive and motor in the application using the
tools provided in the guided setup, which consist of:

o

Auto-Tune

Inertia

Performance
Tuning

® O O O

Motor & Load

Finalise

Auto-tune to measure the electrical properties of the motor such as resistance and

inductance.

An inertia-auto-tune to measure the inertia of the motor and load. Once this measurement is
taken, tuning the axis is simplified to a single slider. It is strongly recommended to run this

test.

Dampened
Response

(OHz

10 Hz

Stiff
Response

100 Hz +

Performance tuning and test moves. This page is a “one stop shop” with test move controls,

motion profile setup, oscilloscope, and tuning controls on a single page ideal for site

commissioning using a laptop.

Q .....

O s

Favourites /
Stacking

&

@

>l ]
F4 F5

Motor Noise

Tuning

30 T vl

~|pm Accel Time 020 & ~|s

~|rpm DecelTime 020 _ ~|s

rive Motor & Feedback EtherCAT Setup Limits Save Parameters or&Load  Performance
guration ertia Tuning
Oscilloscope Channels (Analog) | Channels (Digital) = Channels (Math) | Settings | Cursors | Triggers = Save/ Export | Notes
Start | Time/ Divis) . MO1.003 Pre-ramp Reference v | | . . MO02.001 Post Ramp Referenc v |v/| . . MO3.001 Final Speed Referen: v v/ __ . M04.020 Percentage Load v
1 oo~
v -MOE.DOE D.c. Bus Voltage v | v || _ .Masmi Speed Error M~ Click to select a parameter v Click to select a parameter v
0, 10
9 94
= .= Test Maves
E S1E Take Drive Control
£ _|E
B
g 65 54 1< < v
14
O
§ 518 Fi F2 F3
o« 4
442 4]
% e
R
5 , % Application
[ Profile Settings
1 13
N N I/mmespaed e\
10
¥ |v Bipolar?
P Jogging | 300
T 7 -
g 6 Profile | 500
‘g‘ . Sramp (%) %
i
T 44
%
s,
&
1]
0.0s 1.0s Z.IC 3.0s 4.0s 5.0s é“Ca 7.0 8.0s 9.0s 10.0s;
o Finalising the application by saving the tuned parameters and creating a startup list allowing

the PLC / IPC to configure the drive, each time the system powers up; this is helpful if the

drive must be replaced.
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Use the following steps to commission the motor and drive in the application.

1. Wire a switch or similar device to the drives STO input(s) where 24V is connected to the STO
input(s) to enable the drive. The drive will not be able to run the motor until such a device is
fitted. The terminals that supply 24V and host the STO input(s) are shown by the
“Terminal Overview” in the device explorer.

@ Unidrive M700 (169.254.29.230.3.1:1001)

~ EES Setup
Drive Configuration
Motor & Feedback
Erake
References
Limits
Save Parameters
Auto-Tune

Motor & Load Inertia

Performance Tuning

Finalise

» 4% Ethernet
» (= Options
> E‘;:; Solutions

-] .
27 Maintenance

W Oscilloscope

Ia.|= Terminal Overview

Unidrive M700

Polarized connector: T1 - T11
Terminal Function  Invert

ov

y
g
EX
=
g

]
&1

-
-

24V Supply Input
ov

+10V Qutput
741N Analog Input 1
Analog Input 2
Analog Input 3
Analog Cutput 1

Gloa|%|a|%|%]%
= =l =1 B E D

0 Analog Qutput 2

L]
=

v

Polarized connector: T41 - T42

Terminal Terminal Function

CREENERN Relay Output

Invert

Mode  Mapped Parameter State
MO0Q.000 Parameter mm.000 ~ | @

Volt ~ | ' M01.036 Analog Reference 1 ~

Volt v | ' M01.037 Analog Reference 2 v

Wolt v |  MO0.000 Parameter mm.000
M03.002 Speed Feedback v
M04.002 Ig ~

Mapped Parameter State

M10.001 Drive Healthy ~ @

Polarized connector: T21 - T31

Terminal Terminal Function Invert

ov
|i§E 24V Supply Quiput |"
B3 -

B vigital 001

53 oigitai002

R oigitai 003

EXE) vigital input 04

EXE2D vigital input 05

£ ovigical input 05

B3 -

Mapped Parameter

MO00.000 Parameter mm.000

M10.003 Zero Speed
M10.033 Drive Reset
M06.030 Run Forward
M06.032 Run Reverse

w

~

M01.041 Reference Select Flag 1 v

M06.031 Jog

SRR # Remove power from the drive before attempting to modify the drive or motor

electrical connections.

2. Before attempting to run the Auto-tune ensure the STO switch is open i.e. 24V is not

connected to the STO terminal(s).
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3. The default setup for the auto-tune will be suitable for most applications. Additional controls
are provided for expert users.

Making sure the motor is safe to move, run the Auto-tune by pressing “Start Autotune”

Auto-Tune (169. v
e I e ) e e O
() | v / s \ Next =
Drive Motor 8 Feedback Brake Setup Limits Save Parameters  Auto-Tune Performance Finalise

Configuration Tuning

Auto-Tune

An Auto-tune is used to sample the electrical properties of the motor to tune the drive operation.

WARNING! For safety reasons, even though an Auto-tune type says it is stationary, the mator should be treated as if motion may occur under full torgue. Please take any apprapriate safety measures in case the
motor turns.

Auto-Tune Configuration

Select an Auto-tune type: | Rotating v = Select the motion direction: @ Forwards | Backwards .

Auto-Tune Test

Drive Motor & Feedback Brake ences  Eth etup Limits Save Parameters  Auto-Tune  Motor & load  Performance Finalise Back j§ Next =

a Tuning

Configuration I

Auto-Tune

An Auto-tune is used to sample the electrical properties of the motor to tune the drive operation.

WARNING! For safety reasons, even though an Auto-tune type says it is stationary, the motor should be treated as if motion may occur under full torque. Please take sny sppropriste safety messures in caze the
motor turns.

Auto-Tune Configuration

Select an Auto-tune type: |Rotating v = Selectthe motion direction: @ Forwards | Backwards .

Auto-Tune Test

Stop Auto-tune

Auto-Tune
To start Auto-tune enable the drive by applying
a 24V signal to the 5TO Terminal

The test takes approximately 30s to complete

Performance Finalise

Tuning

Drive Motor & Feedback Brake Limits

Configuration

Auto-Tune

Auto-Tune

An Auto-tune is used to sample the electrical properties of the motor to tune the drive operation.

WARNING! For safety reasons, even though an Auto-tune type says it is stationary, the motor should be treated as if motion may occur under full torque. Please take any appropriate safety measures in case the
motor turns.

Auto-Tune Configuration

Select an Auto-tune type: | Rotating ~ = Selectthe motion direction: @ Forwards | Backwards .

Auto-Tune Test

Stop Auto-tune

Auto-Tune
Auto-tune in progress
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When the test completes, the drive must be disabled by removing 24V from the STO input.

\—y O O . ( ) O Back [l Next
Drive  Motor & Feedback  Brake Setup Limits Save Parameters  Auto-Tune tload Performance Finalise - =
Configuration a Tuning

Auto-Tune

An Auto-tune is used to sample the electrical properties of the motor to tune the drive operation.
WARNING! For safety reasons, even though an Auto-tune type says it is stationary, the motor should be treated as if motion may occur under full torque. Please take any appropriate safety measures in case the
motor turns.

Auto-Tune Configuration

Select an Auto-tune type: | Rotating v m  Select the motion direction: @@ Forwards () Backwards .

Auto-Tune Test

Stop Auto-tune

Auto-Tune
Complete Auto-tune by removing the 24V
signal from STO terminal

The electrical property autotune is completed. Click next to move to the “Motor and load
inertia” page.

O .......... O ......... O ......... O ......... O O O . ......... O ......... O ......... O
Drive  Motor & Feedback  Brake nces  Eth etup Limits  SaveParameters  Auto-Tune  Motor & load  Performance Finalise € Back
nertia

Configuration Tuning

Auto-Tune

An Auto-tune is used to sample the electrical properties of the motor to tune the drive operation.
WARNING! For safety reasons, even though an Auto-tune type says it is stationary, the motor should be treated as if motion may occur under full torque. Please take any appropriate safety measures in case the
motor turns.

Auto-Tune Configuration

Select an Auto-tune type: | Rotating v = Selectthe motion direction: @ Forwards (| Backwards .

Auto-Tune Test

Start Auto-tune

Auto-Tune
Auto-tune completed successfully
(Parameters saved to drive)

Auto-tuned values:

| Parameter Caption Categories Value Source / Destination
03.025 Position Feedback Phase Angle Autotuned Perameters  218.3 °
04013 Current Controller Kp Gain Autotuned Perameters 111
04014 Current Controller Ki Gain Autotuned Perameters 1949
05.016 Minimal Movement Phasing Test Angle 0.000°
05017 Stator Resistance Autotuned Perameters  3.9328310
05.024 Ld 9.595 mH
05.059 Maximum Deadtime Compensation Autotuned Perameters 0750 us
05.060 Current At Maximum Deadtime Compensation Autotuned Parameters  1.53%
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4. The

“Motor and load inertia” page configures a test to measure the motor and load inertia.

This test is important as it allows the speed loop gains to be configured using a single control
slider:

Dampened Stiff
Response Response

0OHz 10Hz 100 Hz v

If the motor has a load connected, the default settings will be OK for most systems. Where

ther

e is no load i.e. a bare motor shaft it is recommended to increase the “Mechanical Load

Test Level” to 5%. If the test fails to identify the inertia, increase the mechanical load test in
steps of 5% up until 20% is reached.

O @O0
une Motor & Load pE‘iu mance alise

Inertia uning

Motor and Load Inertia

To get the best parformance from the motor, the drive needs to knaw the matar and load inertia. This can either be entered
manually or by performing an auto-tune on this tab.

Inertia setting method:

Manual Entry @ Inertia Auto-tune

Inertia Auto-Tune Configuration

Select an Auto-tune type: | Inertia 1: Oscillating v L} Select the motion direction: (@) Forwards Backwards L} Mechanical Load Test Level |5 7 +| % L}

Inertia Auto-Tune Test

Start Auto-tune

Start the inertia test by clicking “Start Auto-tune”:

The

O @00
wuto-Tune Motor & Load Performance alise

Inertia Tuning

Motor and Load Inertia

To get the best performance from the mator, the drive needs to know the motor and load inertia. This can either b entered
manually or by performing an auto-tune on this tab.

Inertia setting method:

Manual Entry @ Inertia Auto-tune
Inertia Auto-Tune Configuration

Select an Auto-tune type: | Inertia 1: Oscillating v L] Select the motion direction: @ Forwards Backwards Ll Mechanical Load Test Level |5 7 | % L]

Inertia Auto-Tune Test

Start Auto-tune

tool will advise you to close the STO switch to apply 24V to the STO terminal and run the

test.

Configuration Inertia uning

Motor and Load Inertia

To get the bast parformance from the motor, the drive naeds to know the motor and load inertia. This can either be entered
manually or by performing an auto-tune on this tab.

Inertis setting method:

Manual Entry (@ Inertia Auto-tune
Inertia Auto-Tune Configuration
Select an Auto-tune type: | Inertia 1: Oscillating v L] Select the motion direction: @ Forwards Backwards L] Mechanical Load Test Level |5 7 v % L]

Inertia Auto-Tune Test

Stop Auto-tune

Inertia Auto-Tune
To start Aute-tune enable the drive by applying
a 24V signal to the STO Terminal

When the test completes, remove 24V from the STO terminal.
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Drive
Configuration

Motor & Feedback Brake Limits. Save Parameters  Auto-Tune

Motor and Load Inertia

To get the best performance from the motor, the drive needs to know the motor and load inertia. This can either be entered
manually or by performing an auto-tune on this tab.

Inertia setting method:
Manual Entry @) Inertia Auto-tune
Inertia Auto-Tune Configuration
Select the motion direction: ® Forwards

Select an Auto-tune type: | Inertia 1: Oscillating v - Backwards

Inertia Auto-Tune Test

Stop Auto-tune

Inertia Auto-Tune
Complete Auto-tune by removing the 24V
signal from STO terminal

Motor & Load  Performance Finalise
Inertia Tuning
= Mechanical Load TestLevel |20 5 v|% .

The inertia test is complete. Click Next to move to the “Performance Tuning” page.

'
L/

Drive Motor & Feedback Brake

Configuration

Save Parameters  Auto-Tune

Motor and Load Inertia

To get the best performance from the motor, the drive needs to know the motor and load inertia. This can either be entered
manually or by performing an auto-tune on this tab.

Inertia setting method:

Manual Entry @ Inertia Auto-tune
Inertia Auto-Tune Configuration

Select an Auto-tune type: | Inertia 1: Oscillating L} Select the motion direction: @) Forwards Backwards

Inertia Auto-Tune Test

Start Auto-tune

Inertia Auto-Tune
Auto-tune completed successfully
(Parameters saved to drive)

Auto-tuned values:
4| Parameter
03.018

Caption
Motor And Load Inertia

Motor & Load  Performance Finalise
Inertia Tuning
= Mechanical Load Test Level |20 5 v|% =
Categories Value Source / Destination
Autotuned Parameters | 0.00017 ks
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5. The “Performance Tuning” page provides a set of tools on a single page, optimised for laptop
use, that are used to commission the drive and motor. The different sections of the tool are

described below:

Oscilloscope — to show what is happening to the motor speed while jogging or tuning takes

place:

Drive Motor & Feedback Limits

Configuration

Oscilloscope Channels (Analog)

Channels (Digital)

Channels (Math) | Settings | Cursors | Triggers

. M01.003 Pre-ramp Reference v . M02.001 Post Ramp Referenc v v

Save Parameters

Auto-Tune

Save/ Export | Notes
() 1103001 Final Speed Referen: v v

inalise

Performance
Tuning

. M04.020 Percentage Load

Start | Times Di
ime/ Divis) e Favourites /
1 T Stacking
. MO5.005 D.c. Bus Voltage v | v | | . M03.003 Speed Error v v Click to select a parametar v Click to select a parameter
10 10 E
9 9
ey Test Moves
£ Toke Drive Contrsl (@ )
';E’ s
§lls K 4 b >3 | =
5ols
g5 s{d s F1 F2 F3 F4 F5
] [
PR
¥4
&ald 3
E N § B Application Motor Noise:
T T Profile Settings Tuning
1 1
n N ],Jmﬁlespeedwa \
10 30 0 ovis
9 |« Bipolar?
8
- Jogging 300 © ~ | mpm  Accel Time 020 ~ - ¢
E 7
1= Profile | 500 ~|rpm  Decel Time 020 ~
= 6
E . Sramp () ©* E
w
v 4 i
11
a 3
w
1
0
0.0s 10s 20s 3.0s 4.0s 5.0s 6.0s T.0s 8.0s 9.0s 100
(6
Current Limit Active Q At Speed Q Final Speed Reference 0.0 rpm Current Magnitude  0.000 /
erc Spee: .c. Bus Voltage 3 peed Feedbac .0 rpm
Inh Zero Speed "] D.c. Bus Vol 339 v Speed Feedback 0.0

Oscilloscope controls — start and stop the trace, allow channels to be added / removed /

modified, triggering, trace saving.

......... O

O .......... O

O

r&
nerts

@O

Drive Motor & Feedback Brake es etup Limits Save Parameters  Auto-Tune Performance Finalise
Configuration ertia Tuning
Osdilloscope Channels (Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
st Time/ D) [ M01.003 Pre-ramp Reference v || [} M02001 Post Remp Referenc v 1 [ M02001 Final Speed Referen v [ M04020 Percentage Lo+ T
1 o> Stacking
. M05.005 D.c. Bus Voltage ¥ | v . M03.003 Speed Error v v Click to select a parameter  ~ Click to select a parameter  ~
0 10 E
9 9
- - Test Moves
E° E_S Take Drive Control (@)
‘g 7 g 7
Pl K 4 b > | =
L
g s{% s F1 F2 F3 F4 IFS’
= [
4{a 2
IR
&3{d s
T ) I B Application Mator Naise
i o Profile Settings Tuning
1 1
n n Jrofilc speed +ve  \
0 30 2«5
9 | | Bipolar?
]
- Jogging 300 _ v |rpm  Accel Time (020 [ ~:
T 7
B, Profile |500 | v|rpm Decel Time 020 | v |«
g Sramp (%) S
£
T 4 !
g,
o 3
o
1
0 T T T T T T T T T
00s 10s 20s 30s 405 50z 6.0s 7.0s 30s 90s 1005
(x
£
Current Limit Active Q At Speed Q Final Speed Reference 0.0 rpm Current Magnitude  0.000 +
Zero Speed [~ ] D.c. Bus Voltage 339V Speed Feedback 0.0 rpm
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Test move commands — enable the test controls, jog forward / backwards, automatic running
as a tuning reference.

Drive Motor & Feedback Brake References  EtherCAT Setup Limits Save Parameters  Auto-Tune Motor & Load  Performance Finalise Back Next =

Configuration Inertia Tuning
Oscilloscope Channels (Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
Start | Time/ Divis) . MO01.003 Pre-ramp Reference v | | .. . MO02.001 Post Ramp Referenc v [v/| . M03.001 Final Speed Referencv v/ . M04020 Percentage load | .| | pougurives/
1 S~ Stacking
. M05.005 D.c. Bus Voltage | v[ | . M03.003 Speed Error Vvl Click to select a parameter v Click to select a parameter v
10, 10 N
9 2
Tl Test Moves
£ H Take Drive Control @)
e i
v
g
£olfe K 4 b > =
I |5 Fl F2 3 F4 F5
T sls ¢
o
ylze
@ E
&3] 3
.08, Application Motor Noise
[ Profile Settings Tuning
1 1
o o I/mmespeedwe \
10 30 O v
9 |« Bipolar?

Jogging 300 | v|rpm Accel Time |020 | v

T 7
g Profile | 500 v|rpm  Decel Time | 0.20 28
= 6
g Sramp (3%) 7 o
£
v 4 i
13
a 3
w

1

0

0.0s 10s 2.0s 3.0s 4.0s 50s 6.0s 7.0s 8.0s 9.0s 10.0s

s
Current Limit Active Q At Speed Q Final Speed Reference 0.0 rpm Current Magnitude  0.000 ¢

ZeroSpeed @ De BusVoltage 339V Speed feedback 0.0 rpm

Commissioning tabs — configure the test move motion profile, speed and position loop tuning,
application optimisation controls, and noise optimisation controls.

Drive Motor & Feedback Brake References  EtherCAT Setup Limits Save Parameters  Auto-Tune Motor & Load  performance Finalise Back Next =

Configuration Inertia Tuning
Oscilloscape Channels {Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
Start | Time/ Divis) . M01.003 Pre-ramp Reference ~ || _ . M02.001 Post Ramp Referenc v v/ _ . 103,001 Final Speed Refereni~ v . MO4.020 Percentage Load  ~ [ .| | ppunurites/
I Stacking
. MO5.005 D.c. Bus Voltage v | v| | . M03.003 Speed Error v Click to select a parameter v Click to select a parameter v
0, 10 N
9 9
Tal= s Test Moves
£ H Take Drive Control @)
T =7
v
g
PolY. K 4 b >3 =
I |5 Fi F2 3 F4 F5
5 si5 °
o
75
@ E
&3] 3
5,08, Application Motor Noise
[ Profile Settings Tuning
1 1
B B I/mmespeedwe \
10 30 O s
9 |~/ Bipolar?

Jogging 300 | v|rpm Accel Time |020 | v

7
g Profile | 500 v|rpm  Decel Time | 0.20 28
bl 6
g s Sramp (%) ™ o
ui
9 4 !
11
a 3
w

1

0

0.0s 10s 2.0s 3.0s 40s 50s 6.0s 7.0s 8.0s 9.0s 10.0

s
Current Limit Active Q At Speed Q Final Speed Reference 0.0 rpm Current Magnitude  0.000 +

ZeroSpeed @ D BusVoltage 339V Speed Feedback 0.0 rpm
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Status control — Shows key values, drive status, trip data and resetting.

Drive Motor & Feedback Brake References EtherCAT Setup Limits Save Parameters  Auto-Tune Motor & load  Performance Finalise Back Next —

Configuration Inertia Tuning
Oscilloscope Channels (Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
Start | Time/ Divis) .Mm.ms Pre-ramp Reference v | | .Mczom Post Ramp Referenc v v .Muso(n Final Speed Referen: v v .Ml)d.()Z() Percentageload v || | pavourites s
I Stacking
.Mus.msm.nusvanagev ~ Ol .M(!EDGSSpBedEm]r vlvl Click to select a parameter v Click to select a parameter  ~
10, 10 N
9 9
= a0 Test Moves
£ H Take Drive Control (@)
R R
@
g
A K < | B> =
5 ] Fl F2 F3 F4 F5
IR R
o
R
v E
& 3d 3
N Application Motor Noise
Ezi82 Profile Settings Tuning
1 1
n o I/raﬁlespeedwe \
10 30 7 vg
9 |~r Bipolar?

Jogging 300  v|mm  AccelTime [020 © ~ |+

T 7
g 5 Profile | 500 v rpm  Decel Time 020 e
g s Sramp (%) .
&
v 4 ! ! ' ! !
8
o 3
&
2
1
0
0.0s 1.0s 2.0s 3.0s 4.0s 5.0s 68.0s T.0s 8.0s 9.0s 10.0s)
[1
Current Limit Active @ At Speed Q Final Spead Reference 0.0 rpm Current Magnitude ~ 0.000
Inhibit ZeroSpeed @ D BusVoltage 339V Speed Feedback 0.0 rpm
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6. Begin commissioning by jogging the axis (slowly) to determine if the motor direction is correct
for the application. Ensure it is safe to move the motor. Click on “Take Drive Control” and then
apply 24V to the STO input.

Take Drive Control

K | 4 > n

Test Moves

F1 F2 F3 F4 F5
Application Motor Noise
Profile Settings Tuning

| froﬁle speed +ve \
30 0 ovls
| +| Bipolar?

Jogging | 300 v |rpm  Accel Time |0.20 v
Profile | 500 ~ | rpm  Decel Time | 0.20 v e
Sramp (%) ™ e

Configure the motion profile settings used when the test moves are running. This includes the
jog speed, automatic running speed, acceleration and deceleration times, S ramp percentage,
the overall profile time, and whether the automatic running is in one direction, or bipolar where
the motor reciprocates back and forth.

Test Moves

Release Drive Control o
I < > > u

F1 F2 F3 F4 F5
Stopped
Application Motor Noise
Profile Settings Tuning
| froflle speed +ve \
30 O ovs
| +| Bipolar?
Jogging | 300 . ~ | rpm  Accel Time 020 [ ~
Profile | 500 . ~ rpm  Decel Time 020 [ ~
Sramp (%) ** £ea
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Select the Tuning tab, and then select “Bandwidth” mode. This will give moderate tuning
suitable for many applications, with headroom to increase the gains further if required.

Test Moves

Release Drive Control o
I< < > >l ]
F3

Application Motor Noise

@) Bandwidth Manual

Dampened Stiff
Response Response
OHz 100 Hz v

Speed loop P gain 0.0073 | s/rad

Speed loop | gain 0.66 v | 1/rad

Motor Inertia 000017 J v kgm®

Enable Inertia compensation? Off

Start the oscilloscope by pressing the Oscilloscope start/stop button.
Oscilloscope

Start | Time/ Div(s)

’13\!

Jog the axis forward by pressing F4 or clicking on the Jog Forward button.

>
F4
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Verify that the movement is stable and that the forward direction of rotation is correct for the
application. If the movement is unstable, modify the tuning slider until the desired
performance is achieved. If the motor is turning the wrong way when jogging forward, remove
24V from the STO Input, select the Application tab, and then set the “Change Motor Direction”
control to “Reverse”. Re-apply 24V to the STO terminal and verify that the motor direction is
now correct when jogging forward.

Profile Settings Tuning
| Application | Motor Noise
Current limit 1750 0 ~| %
Stop Mode Ramp v
Deceleration mode Standard v

Heold zero speed when enabled? v/ On

Change motor direction

MNaormal "

MNeormal

Reverse

7. If the application axis has hardware limit switches connected, test them by jogging into them
gently and prove that the axis stops and that the switches have been connected to the correct
terminals.
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8. Verify the step response of the motor and load by enabling automatic running. Before tuning
using these commands make sure that if the axis has physical limits that it is placed in the
centre of these limits and that Bipolar mode is selected so that the axis moves back and forth.

To stop the axis press F5 or click the stop button:

|
F5

Select the initial direction of travel when automatic running using F2 (backwards) or F3

(Forwards) or by clicking the Run Forwards, Run Backwards buttons:

<

F2

>

F3

It is recommended to start with a slow Run speed and then gradually increase to make sure
the axis doesn’t move too far on the first try. The speed can be increased while running but

bear in mind that the higher the speed, the further the axis will travel.

Application

Motor Moise

| Profile Settings

| Tuning

| ﬂroﬁle speed +ve \

| «| Bipolar?

Jogging | 300 . ~ | rpm

Accel Time | 0.20

Profile M Decel Time | 0.20

Sramp (%)

%

30 D s

L€ 2

Page 41 of 153



9.

Once the correct automatic run profile is running, the axis may be tuned further. Observe
Final Speed Reference Pr3.001 and Speed Feedback Pr3.002 overlaid with each other, and
the Speed Following Error Pr3.003 on a separate trace. Ensure there is no significant
overshoot when stopping or when reaching the speed reference. If there is overshoot the
gains can be increased. When doing this check that the drive isn’t going into current limit by
observing Pr10.009; this may be placed on the same trace as the speed following error.
The example shows what the axis performance might look like prior to tuning:

eI -4 -4 p-A - S 4. & @ O < Back f§ Next -
otor & Feedback Brake References Limits Save Parameters Auto-Tune oad Performance Finalise
Ce Tuning
Oscilloscope Channels (Analog) | Channels (Digital) = Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
Strt | Time/ Div(s) M03.002 Speed Feedback v v MO03.001 Final Speed Reference v v/, M04.020 Percentage Load >0 M05005 D.c. Bus Voltage v | v
P P! ek & Favourites /
> . = - Stacking
. MO03.003 Speed Error ~ v . M39.008 AMC Position Error v | ~ Click to select a parameter ~ Click to select a parameter -
x
500 600 I E N
400 pﬁﬂf--- i e W e {\[VV- Test Moves
E 0], 40 Release Drive Control (D
= £
@ 200 o f
§IEw K| 4 > || w
1004 ¥
] ] F1 R F4 F5
5 o § 0
g0 Running Forward
8 o1 200
o . ;‘,'_ Il ‘ Profile Settings | Tuning | Application | Motor Noise
g 300 400 Speed Loop
400 ‘j\,\ M\,\ f\, Bandwicth (@) Manual
500 600 / —T stift
Response Response
5
150 0OHz. 10Hz 200 Hz v
100} Speed ioop P gain 00100 J | s/rad
- Speed loop | gain 100 2 v|ime
i& 50
iy Motor Inertia 000102 §  kgm®
1k Enable Inertia compensation? (| Off
ig
3 50
ia
&
3 00
-150
Position Leop
3.0s 405 505 603 7.0s 8.0s 9.0s 1003 11.0s 1205

Positien Leop setup is unavailable because Pr31.001 is OFf,
disabling the position loop.

In the previous example trace it can be seen that there is significant speed overshoot caused
by the load inertia and default gains. The speed following error shows oscillations when
accelerating and decelerating. All of these artifacts can be tuned out easily using “Bandwidth”
mode and adjusting the slider control to achieve the desired performance.

The example below shows an optimised result for the same application where Bandwidth
mode tuning has been used to optimise the performance:

) . S NS p—y N p—y . O <« Back | Next >
otor & Feedback Brake References Limits Save Parameters AutoTune Performance Finalise
uration Tuning
Oscilloscope Channels (Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
sttt Time/ Oivis) | [ [M03.002 Spesd Feedback v/ ([ Mo3.001 Final Speed Reference v v | [ M04.020 percentage Loaa ~ [ o505 D Busvoltage |~ L) [ ppiiives
1 5o Stacking
. M03.003 Speed Error v v . M39.008 AMC Position Error v | v Click to select a parameter v . Click to select a parameter v
"
s s00 N
200 400 Test Moves
E a0l 20 Release Drive Control (D
£ £
g K |4 | B> =
1004 100
5 H N Fl F2 F3 F4 F5
5 oo{F o
7 100 ] 100 Running Forward
3 200 ¥ 200
-200{ § 200
= & Profile Settings  Tuning | Application | Moter Noise
T 300 { ¥ -300
= Speed Loop
W 0] 400 Manual
o] 500 Dampened E
Response Response
1 60 OHz 100 Hz 200Hz v
4 Speed leop P gain | s/rad
3 5. 20 Speed loop | gain v| 1/rad
1 'g Motor Inertia 000102 3 kgm?®
ik ¢ Enable Inertia compensation? || Off
1§ @
ia
ERdit)
-60
Position Loop.
1780s 179.0s 18005 18108 182,05 18308 12405 18505 18605 18705 Position Loop setup is unavailable because Pr31.001 is OfF

disabling the position loop.

From the previous trace it can be seen that there is no significant speed overshoot, the speed
following error isn’t oscillating, and the drive isn’t going into current limit.
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If the drive is observed going into current limit, (Current Limit Active trace goes to 1), itis an
indication that the drive is going into constant torque due to hitting the current limit. This can
be resolved by increasing the current limits on the Application tab or by decreasing the
acceleration and deceleration rate. It is further recommended to verify that the drive and
motor combination have been sized correctly for the application in terms of their torque and
current capability.

Application Motor Noise Profile Settings Tuning
| Profile Settings | Tuning Application Motor Noise
| froﬁlespeed ve W Current limit 1750 0~ %
30 0o~
i = : Stop Mede Ramp
+| Bipolar?
Deceleration mode Standard v
logging| 300 , - |mpm  |Accel Time [0.20 , v Hold zero speed when enabled? v On

€ > 1€ >

A
W
A
W

Profile | 500 w |rpm  |Decel Time | 0.20

o (7 Change motor direction
Sramp (36) ™

i . . . 0 Mormal w

10. If the motor is sounds noisy with the tuned values select the “Motor Noise” tab:

Profile Settings | Tuning | Application | Motor MNoise

Switching Frequency 6 v | kHz

oy

Current loop filter Time Constant | 1.0 ., ~|ms

Feedback filter Disabled ~
Current Loop
® Manually assign gains Maintain gain ratio
Current loop | gain 2000 O~
Current loop P gain 150 0
Motch Filter Centre Frequency | 100 | ~ | Hz
Motch Filter Bandwidth 0 . v Hz

For most applications it is recommended to use a Current Loop Filter Time Constant of
1.0ms, unless the application is ultra-dynamic and needs a very fast response where a lower
value is needed. A 1.0ms filter gives a 159Hz response bandwidth, where most systems will
be well tuned at between 50Hz and 100Hz.

.

Current loop filter Time Constant | 1.0 ., ~ |ms

This helps in the following situations:

o The speed reference or speed feedback contains a noise component e.g. if the
feedback device is of low resolution.

o If the speed loop gains have been raised to the point where the motor noise has
become unacceptable, and the required speed loop performance hasn’t been
reached.

o The application often runs with a low motor speed where encoder quantisation noise
is an issue.

o There is mechanical resonance affecting the feedback.
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11.

The filter frequency bandwidth with time is 1.0ms = 159Hz, 0.9ms = 177Hz, 0.8ms = 199Hz,
0.7ms = 227Hz, 0.6ms = 265Hz, 0.5ms = 318Hz, 0.4ms = 398Hz, 0.3ms = 530Hz, 0.2Hz =
795Hz, 0.1ms = 1592Hz.

Provided the drive and motor is rated for a higher switching frequency, increasing the
switching frequency can reduce audible noise from the motor.

Switching Frequency B w [kHz

If the motor has a continuing 1kHz tone after the adjusting the switching frequency and the
current loop filter, the noise can be improved by making a small reduction in the Current loop
P Gain with “Maintain Gain Ratio” selected to keep the balance between the current loop P
and | gains.

Current Loop

Manually assign gains | '® Maintain gain ratio

R

Current loop | gain 2000 4

e

e
b

Current loop P gain 150

This stage of the tuning is complete. Further tuning may be required later to fully optimise the
speed loop and position loop when the TwinCAT program provides the motion reference to
the drive over EtherCAT PDO. Disable the drive by removing 24V from the STO input, and
then disable the test move control by clicking on the “Release Drive Control”. When drive
control has been released it looks as shown below:

Test Moves

Take Drive Control (] )

K | 4 B >l u
F1 F2 F3 F4 F5

Click Next to move to the “Finalise” page.

12. Save the tuned parameters in the drive by clicking the “Save Parameters” button:

Save Parameters

®

Save

parameters in
drive

Page 44 of 153



13. An EtherCAT startup list may be generated to preserve the configuration in the TwinCAT
PLC/IPC. The startup list is in the form of an startup list.xml file that may be imported into
TwinCAT.

It is recommended to perform this after the application software has been written and
the position loop has been tuned.

Export as Startup List

Export the configuration to a startup list for use in TwinCAT & CODESYS

-
Export Startup
List
=
T « Connect Cobalt > ADS TwinCAT > devices > Unnamed > Startuplists tart P
Organize = New folder = - 0
Microsoft Copilot Chat Files L Mame Stat
Microsoft Teams Chat Files °
Notebooks
&= Pictures
Transfer
Whiteboards
W This PC
J 3D Objects
I Desktop
Documents
- B i »
File name: | StartupListxml
Save as type: Drive EtherCAT Startup ( *xml) -
~ Hide Folders Save Cancel

StartupList.xml is stored in the following location:
C:\Users\[USER NAME]\Documents\Control Techniques\Connect Cobalt\[PROJECT
NAME]\devices\[DEVICE NAME]\StartupLists.

See section 10.8 How to use a startup list in TwinCAT for more information
14. The startup list for an EtherCAT device is a helpful way to configure CiA402 CAN objects and
drive parameters (addressed as CAN objects) when an EtherCAT node starts. There are a

few standard ways in which this feature is used:

o To configure CiA402 CAN objects that define how the system operates such as the
behaviour of the drive when comms are lost via object 0x3005.

o To apply the parameters used to setup a drive axis from scratch. This will restore the
original drive configuration in case the drive parameters have been altered.

o It can also be used to automatically configure a brand new drive (assuming the drive
and EtherCAT option firmware match) in the event that a drive is replaced.
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15. It is advised to make a parameter file once tuning has been completed by selecting “Files” >
“Parameter Files” > “New parameter file...”. This file preserves the final setup of the drive,
regardless of what happens to the Connect project later on, and forms a useful future
reference of the configuration. Click “Save” to create the parameter file. The file is
automatically time and date stamped, e.g. Unidrive M700-(2025-03-18 0856).parfile was
created at 8:56 on 18/3/2025.

Explorer ~ B X Finalise (169.254.20.230.3.1:1001) X

ADS TwinCAT
@ Unidrive M700 (169.254.20.230.3.1:1001) O ........................ O
Drive k R es s e to-Tune

Unidrive M700 (169.254.29.230.3.1:1002)

P Configuration
|® Unidrive M700 (169.254.29.230.3.1:1001) | —
v 88 Setup @
Drive Configuration 4+ || % ConnectCobalt » ADSTWinCAT > devices » Unnamed > Parameter Files v |®]| | search Parameter Files 2
Motor & Feedback
Brake Qrganize v New folder = @
References Microsoft Copilot Chat Files A Name Status Date modified Type Size
Limit:
e Microsoft Teams Chat Files
Save Parameters No items match your search.
Notebooks
Auto-Tune
Motor & Load Inertia = Pictures
Performance Tuning Transfer
Finalise Whiteboards
> &> Ethernet
8 This PC
> (@ Options o
3D Object
> E3 Solutions B 30 Objects
Deskt
BF Maintenance I Desitop
< D s
> W Oscilloscope & Documents olie D
[
q: Terminal Overview
File name: | Unidrive M700-(2025-03-18 0856] parfile -
~ [B Diagnostics
Save astype: | Parameter File (*.parfile) v

Drive Diagnostics

Destination Conflicts

Onboard Scope A Hide Folders Cancel

= Parameters

[0 Parameter Reference Guide
P18 Block Diagrams
10 Fites

> Custom Lists

<

v Parameter Files

New parameter file..

> Macro Files
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7 TwinCAT Axis Configuration

This section describes how to setup the basic properties of an axis including its unit scaling and
monitoring. A detailed description of how scaling works is given in section 10.4 How to setup axis

unit scaling.

1. Putthe IPC /PLC into configure mode by pressing the config mode button.

L]

2. Set up the axis scaling. This can be found by selecting “MOTION” > “NC-Task 1 SAF” >

“Axes” > “Axis 1” and then double click on “Enc”:
>~ 0 x

Fi

Fi

Solution Explorer

@E-o-a|p-]

Search Solution Explorer (Ctrl+;)

] Solution 'MotionProject’ (1 project)
F] IHJ MotionProject

(@ SYSTEM
1 License
b @ Real-Time
4 B Tasks
[ PlcTask
stz Routes
¥[2 Type System
[&] TcCOM Objects
MOTION
4 [[B] NC-Task 1 SAF
[Z1 NC-Task 1 5VB
*B Image
[ Tables
& Objects
4 S Aes
4 Bk Axisd
3 Inputs
b [ Outputs
b &l Drive
Ty Ctrl
3 Inputs
b B Outputs

s
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3. The Encoder setup appears. Select the “Parameter” tab. “Scaling Factor Numerator” defines

the number of Units represented by the number of encoder counts defined by “Scaling Factor
Denominator”. See section 10.4 How to setup axis unit scaling for more information on how

to scale the NC axis units.

Motionproject = [

Encoder Evaluation:

General NC-Encoder Parameter Time Compensation Online

[ [paremeter " offlineVale

+  Filter:
+ Heming:

+ | (ther Settinns:

Invert Encoder Counting Dire_ction FALSE

Scaling Factor Numerator 360.0

Scaling Factor Denominator (default: 1.0) 65536.0

Position Bias 0.0

I Modulo Factor (e.g. 360.0%) 360.0

Tolerance Window for Modulo 5tart 0.0

Encoder Mask {maximum encoder value) (0xFFFFFFFF

Encoder Sub Mask (absolute range maximum value) (O D00FFFFF

Reference System 'INCREMENTAL'

Limit Switches:

Soft Position Limit Minimum Monitoring FALSE
Minimum Position 0.0

Soft Position Limit Maximum Monitoring FALSE
Maximum Position 0.0

1=

L e

In the example above for 360° there are 65536 counts, so for 1 revolution in encoder counts
we have 360°. Other configuration for things like software limits and DS402 Homing are on
this tab if needed. The modulo factor only needs to be set if the axis is going to do some

modulo positioning using MC_MoveModulo.

Next choose the units that the axis uses. Select “Motion” > “NC-Task 1 SAF” > “Axes” and

then double click on “Axis 1”:

Selution Explorer
@& o-a| L=

Search Solution Explorer (Ctrl+;)

fa] Solution 'MotionProject’ (1 project)
4 Iili MeotionProject
4 (] SYSTEM
[ License
b @ Real-Time
4 % Tasks
[E1 PlcTask
=f= Routes
215 Type System
[&8] TeCOM Ohbjects
4 MOTION
4 MC-Task 1 SAF
[ MNC-Task 15VE
35 Image
] Tables
[&] Objects
4 S Axes
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The axis setup appears. Select the “Settings” tab, and then change the unit type to something
suitable e.g. “Degree”.

motionproject = [

General Settings  Parameter Dynamics Online  Functions Coupling Compensation

[Link To 170 | |Drive 1 {Unidrive M700 RFC-S) |
Link To PLC... | |
Axis Type: CAMopen DS402/Profile MODP 742 (e.g. BtherCAT CoE Drive) w
Unit: Degree i | Display (Only)
Position: [ mDegree ] Modula
Velocty: [ ] Degree/min
Result
Pasition: Velocity: Acceleration: Jer:
| Degree | | Degree/s | | Degree/=2 | | Degree/s3 |

Auxis Cycle Time / Access Divider

Divider: 1 = Cycle Time {ms):
Modulo: 0 =

Turn off the encoder following error limits as these tend to cause nuisanse NC axis errors the
first time the axis runs. Double click on the axis in the “Solution Explorer” tree, then select the
“Parameter” tab. Scroll down to “Monitoring” and set “Position Lag Monitoring”, “Position
Range Monitoring”, and “Target Position Monitoring” to FALSE. These checks can be
reinstated later if required.

Dual Drive Rig + X

e IR
@Wel- o p E General  Settings Dynamics Oriine  Functions Coupling Compensation
Search Solution Explorer (Ctrl+) P~
%] Solution Dusl Drive Rig' (1 project) |
4 “a Dual Drive Rig - Maximum Dynamics:
4 [ SvSTEM Reference Velocity 50000.0
3 License Maximum Velocity 500000
4 @ Real-Time Maximurn Acceleration 100000000000000000000.0
[ /O Idie Task
o Tk Masimum Decelertion 1000000D0000DDDD00000.0
B PlcTask Defsult Dynamics:
& Routes Default Acceleration 15000
I% Type System Default Deceleration 1500.0
TcCOM Objects
000DDDD0000DDDDO0000
LS men Defsult Jerk 1 0
] NC-Taskc1 5AF +  Manual Motion and Homing:
[ NC-Tosk 15VB + Fast Axis Stop:
%% Image + Limit Switches:
O] Tables Monitoring:
[i] Objects ; h
4 o e Position Lag Menitoring |FaLse |
b B Avis 1 Maximum Position Lag Value 50
b B Axis 2 Maximum Position Lag Filter Time 002
4 @rc Position Range Monitoring [Favse =]
4 [Of] Dual Drive Rig -
..... Pasition Range Window 50
b 521 Dusl Drive Rig Project
b 5] Dual Drive Rig Instance Target Position Monitoring FALSE

Page 49 of 153



7. Set the maximum dynamics. Typically the “Reference Velocity” and “Maximum Velocity” need
to be set to the maximum reference that can be applied to the motor, as shown by Maximum
Reference Clamp Pr1.006 or as configured on the “References” page in the Connect guided
setup:

References (169.234...9.230.3.1:1001) X >

Qi Qe Qe @ O O QO Qe O Q)

Reference Source

Select the reference to control the motor | Motion Contral over Fieldbus v -
Profile Setup
Maximum Reference Clamp | 30000 . “ rpm L] Bipolar Referance Enable Off L]
Minimum Reference Clamp | 0.0 Z o~ mpm L] Ramp Rate Units Off o
Catch A Spinning Motor | Enable v .

The other motion profile properties are configured using the 3rd party contraller and DS402 objects
as detailed in the user manual for the fieldbus interface

Use the formula provided in section 10.4 How to setup axis unit scaling to convert the
maximum reference speed in rpm into units/s. An example is given below:

An axis has a maximum speed of 3000rpm, and a scaling numerator of 360 units per
revolution, the maximum speed in units per second is 3000 * 360 / 60 = 18000.

Unless the application has a specific reason to limit the acceleration and deceleration
maximum, the best option is to set the acceleration and deceleration to a high value such as
1E+20, (100000000000000000000), so they don’t cause nuisance NC axis errors when the
axis is run for the first time.

Solution Explorer SN Dual Drive Rig & %
Bl m-a
WE-|o-a|p |E| General Seltings  Parameter Dynamics Online  Functions Coupling Compensation

Search Solution Explorer (Ctrl+:) o~
131 Solution 'Dual Drive Rig' (1 project) ‘
4 11l Dual Drive Rig - Maximum Dynamics:

b (@l svSTEM Reference Velocity

4 [z momon Maximum Velocity

4 [[E] NC-Task 1SAF

[Br NC-Task 1 5VB Maximum Acceleration
~Tas|

Maximum Deceleration

*® Image
[ Tables - Default Dynamics:
[E| objects Default Acceleration 1500.0
4 G Aes Default Deceleration 1500.0
b B Axis1
Default Jerk 10000000000000D000000.0
b2 Axis2 e
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Configure the default dynamics for the axis. These are entirely dependent on the specific
application. It can be helpful to set the default Jerk to 1E+20, (100000000000000000000),
which will invoke a linear acceleration profile if the jerk is left at 0 and will prevent nuisance
NC axis errors.

Solution Explorer 8l Dual Drive Rig + %

G &l '| ©-J | ’E General Settings Parameter Dynamics Online Functions Coupling Compensation
Search Selution Explorer (Ctrl+;) P~
137 Solution ‘Dual Drive Rig' (1 project) Laaine ey . Gl
4 4l Dusl Drive Rig - Maximum Dynamics:
b @l SYSTEM Reference Velocity 18000.0
4 MOTION Maximum Velocity 18000.0
“ NC-Task 1 SAF Maximum Acceleration 100000000000000000000.0
[E1 NC-Task 1 SVB -
o Maximum Deceleration 100000000000000000000.0
8 image
[T Tables - Default Dynamics:
] Objects Default Acceleration 1500.0
4 S Axes
D Fos frist Default Deceleration 1500.0
is
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8 Moving the axis using TwinCAT test moves

1.

Click on the “Online” tab to reveal the test controls. At this point the system will be offline in

Config mode so the controls are greyed out.
MotionProject + X

General Settings Parameter Dynamics Online  Functions Coupling Compensation

E Setpoint Fozition: aree]

Lag Digtance [mindmax].  gree]  Actual Velocity: egree/s] Setpoint Welocity:  egree/s)

Owvermde: [%] Tatal / Control Output: [%] Ermar:
Status (log ) Status (phys ) Enabling
Ready MOT Maving Coupled Mode Controller Set
Calibrated Moving Fw Im Target Pos. Feed Fw
Has Job Moving Bw In Pos. Range Feed Bw
Controller Fwv-Factor: =e/z/Degies] Fieference Yelocity: agress's)
Target Position: Degres] Target Yelocity: aqrees)

0 ﬂ 0

+‘++‘<>‘@ ® | —-

F1 Fz Fa& F3

F3 | F4 | F6 | FB

Click the “Activate Configuration” button and then click “OK” if the “Activate Configuration”

dialog appears:

- -2 N | [ | - - | Relea

oeded) - < || [B]2 (@] [®]. &
Activate Configuration >
Project: ‘ MotionProject |
Target: ‘ CX-3F43E4 |

(] autostart PLC Boot Project(s)

0K Cancel

Click “OK” on the “Restart TwinCAT in Run Mode” dialog:
TcXaeShell >

o Restart TwinCAT System in Run Mode

oK Cancel
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The “Online” tab test controls are now available. To run the drive the “Enabling” control must
be configured. Press the “Set” button and when the “Set Enabling” dialog appears press the
“All” button and set the override percentage to 100%. The axis will now move if for example

F2 or F3 are pressed to jog the axis.
Setup EoE + >

General Settings Parameter Dynamics Online  Functions Coupling Compensation
Setpoint Position: aree]
-638.3276 | -633.3281|
Lag Distance imin/max).  gree] Actual Velocity: egrees] Setpoint Velocity:  =gree/s]
| -0.0005 (-5.400, 5.453)| | 0.0473| | 0.0000|
Owvemide: [%] Total / Control Output:  [%] Emor:
100.0000 %) | 0.00/ 0.00%] | 0 (0<0)|
Status (og.) Status {phys.) Enabling
Ready MOT Moving [ Coupled Mode Cantraller Set
[ calibrated [ Moving Fw [JIn Target Pos. Feed Fw
[]Has Job [ Moving Bw [JIn Pos. Range Feed Bw
Cantroller Kv-Factor: 2e/s/Degree] Reference Velocity: agree.s]
K 4 [2m 4
Target Position: Degree] Target Velocity: agree/s]
[0 4 [zo00
Set Enabling b4
alel s BRI 85 ...
F1 F2 F3 F4 F8 _F [+] Cantroller oK
Feed Fw
Feed Bw Cancel
Overide [%]:
M
ININ The motion profile setup is configured on the “Parameter” tab under “Manual
Motion
General Settings Parameter Dynamics Online Functions Coupling Compensation
- Maximum Dynamics:
Reference Velocity 2200.0
Maximum Velocity 2000.0
Maximum Acceleration 150000
Maximum Deceleration 15000.0
Default Dynamics:
Default Acceleration 1500.0
Default Deceleration 1500.0
Default Jerk 2250.0
- Manual Motion and Homing:
Homing Velocity (towards plc cam) 30.0
Homing Velocity (off plc cam) 300
Manual Velocity (Fast) 600.0
Manual Velocity (Slow) 100.0
Jog Increment (Forward) 50
Jog Increment (Backward) 50
4
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5. The on screen buttons have the following function:
-= - + ++ —re
F1 F2 | F3 | F4 - - l@s F9

The following table provides an overview of all manual mode funclions.

Function Description

F1 Reverse travel with Manual Velocity (Fast)
F2 Reverse travel with Manual Velocity (Slow}
F3 Forward travel with Manual Velecity (Slow)
Fd Forward travel with Manual Velocity (Fasi]
F5 Start a direct travel command

« Enter the Targe! Position
« Enter the Targe! Velocily
« Start the travel command with F5

F& Stop a direct travel command
F8 NG reset; the current motion command is aborted.
F9 Initiate homing (see TwinCAT documentation)
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9 Using PLCopen to move an axis

This section describes the basic steps needed to get PLCopen functionality running on a Beckhoff
PLC. It is assumed that all the previous steps have been followed and the axis is proven to be

working using the test moves control.

1. Before adding the motion it is worth reviewing the task and PDO update rates to see if they
are suitable for the application. By default, the tasks are set to 10ms update which is relatively
slow. Ideally, the PDO update, the NC Axis update rate and the PLC task should update at

the same time e.g. all 1ms.

Set the Base time for real time tasks to 1ms:

Solution Explorer
@E-|o-a|pm=
Search Solution Explorer (Ctrl+;) P~

] Solution 'Dual Drive Rig' {1 project) —
4 “i Dual Drive Rig
4 [ SYSTEM
[ License
4 (B Tasks
[E1 PlcTask
stz Routes
¥[= Type System
[& TcCOM Objects
4 MOTION
4 NC-Task 1 SAF
[Z1 NC-Task 15VB

Set NC-Task 1 SAF to 1ms:

Settings  Online Priorties  C++ Debugger

Router Memory
Corfigured Size [MB]:
Allocated / Available:

Available Cores

MC_CT_EGB_Axis

Global Task Config
Maximal Stack Size [KEB]

Shared / lsolated: 1 =0 = Read from Target
Core RT-Core | Base Time | Corel
0 [V Default 1ms ~lleo=s

Dual Drive Rig + > [JEEANIGLINE|

Solution Explorer
@eE-lo-a| s

Search Solution Explorer (Ctrl+;) P~

4 1 Dual Drive Rig
4 |4l SYSTEM
¥ License
4 @ Real-Time
[E1 1/0 Idle Task
4 % Tasks
[E PlcTask
=i= Routes
215 Type System
[ TcCOM Objects
4 [ MOTION
|5

[E1 NC-Task 15VB
=% Image

[ Tables

[& Objects

B
4 I Axes

2] Solution 'Dual Drive Rig' (1 project) -

Task  Seftings Online  Add Symbols

Name: NC-Task 1SAF

Auto start
[J Auto Priority Management

Priority: 4 $

Cycle ticks:
Start tick {modulo): 1] =
[[] Separate input update

Fre ticks: 0 =

[]Waming by exceeding

Message box

Watchdog Cycles:

Port: 501 $
Object Id: | («05000010

Options

[] Dieable

[ Create symbols

Include extemal symbols

140 at task begin

Commert:
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Set NC-Task 1SVB to 1ms:

Selution Explorer =
@& o-a| s

Search Solution Explorer (Ctrl+)

4 “i Dual Drive Rig
4 | SYSTEM
¥ License
b @ Real-Time
Pl % Tasks
[&1 PicTask
=tz Routes
B15 Type System
[ TcCOM Objects
4 MOTION

=% Image
7] Tables

fa] Solution 'Dual Drive Rig' {1 project) =

Solution Explorer - X
@E-|o-a|s-
Search Solution Explorer (Ctrl+;) P -
4 B Tasks -
& PlcTask
=f= Routes

¥i5 Type System
[&] TcCOM Objects
3 MOTION
4 [ PLC
4 @ Dual Drive Rig
Dual Drive Rig Project

[ External Types
b [-3] References
b 3 DUTs

3 GVLs
b [3 POUs

Dual Drive Rig =

MC_CT_EGB

Task  Online Add Symbols

MName:

NC-Task 15VEB

Auto start
[ Auto Priority Management

Priority:
Cycle ticks:
Start tick {modula):

L=

[ Separate input update

Pre ticks: 0 =

[ Waming by exceeding
Message box

Watchdog Cycles:

Set the task that the motion code is executed to 1ms:
Dual Drive Rig + > MC_CT_EG

Task  Online

Name:

CT_EGB

Parameter (Cnline)  Add Symbols

PlcTask

Auto start
[] Auto Priority Management

Priority:

Cycle ticks:
Start tick {maodulo):

—

[[] Separate input update

Pre ticks: 0 =

[[] Waming by exceeding

Message box

Watchdog Cycles:

Comment:

IMAIN. M

Poit: 350 :
Object Id:  |02010050

Cptions
[] Disable

[ Create symbols

Include extemal symbols

Floating point exceptions
[Iwatchdog stack
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We need to add the basic motion libraries required for point to point (PTP) motion. Select
“PLC” > “[project name]” > “ [project name] Project” > “References” then right click “Add

Library...”

Solution Explorer
@ E-|o-a| L=
Search Solution Explorer (Ctrl+;)

faJ Solution 'MotionProject’ (1 project)
4 “i MotionProject
4 @ sysTEM
[# License
b @ Real-Time
4 % Tasks
[& PlcTask
=t= Routes
815 Type System
[E] TeCOM Objects
4 MOTION
4 [ NC-Task 1 5AF
[1 NC-Task 1 5VB
2B Image
7] Tables
[E| Objects
4 T Axes
4 i Axis 1
4 ¥, Enc
P Inputs
b [ Outputs
b =l Drive
faw, Ctrl
P Inputs
b [ Outputs
4 PLC
4 MotionProjectPLC

External Types

- Te2_Standa Add library...

Gener:

Entire £
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3. Select “Motion” > “PTP” and then highlight “Tc2_MC2” and then click “OK”:
Add Library bt

String for a fulltext search...

Library Company 2
+- 2= Intern

L]

Math

Measurement

el i
[ [
1

+ 2=: Kinematics And Robotics

2 L

- EIE

+1al | Te2_MC2 Bedkhoff Automation GmbH
=1l Ted_NC Beckhoff Automation GmbH
Tc3_MC2_advancedHoming Bedhoff Automation GrmbH

+ 25 wre v
Advanced... Cancel

Repeat this process for the other libraries in the “PTP” category.

4. Select “PLC” > “{project name}” > “ {project name} Project” > “POUs” and then double click
on “MAIN”.
4 PLC
4 MotionProjectPLC
[ External Types
4 | 7 References
3 Te2_MC2
43 Te2_NC
430 Tc2_Standard
43 Te2_System
43 Te3_MC2_AdvancedHoming
43 Tc3_Module

5. Inthe PLC part of the project add an AXIS_REF. This is the PLCopen axis interface and is
referred to in Beckhoff terminology as the “PLC Axis”. Add the following into the declaration
area of the MAIN POU.

MAIN & >
1 PROGRAM MAIN
=z VAR
2 | 2xisl: 2XIS REF: |
END VAR

L

It is best to keep the naming of the axis similar to the project axis.
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6. Build the project so the new AXIS_REF is known to the Project. Select “Build” > “Build
Solution” or press Ctrl+Shift+B.
Build | Debug  TwinCAT  TwinSAFE  PLC  Te:

| & Build Solution Ctrb+Shift+B |
Rebuild Solution
| Clean Solution

%  Build MotionProject
Rebuild MotionProject
Clean Selection
Batch Build...

Configuration Manager...

L Koo Tima

IV Failure to do this will result in the PLCopen axis not appearing in the list when
linking the PLC Axis to the Motion Axis.

7. Link the PLC Axis to the Motion Axis. Select “Motion” > “NC-Task SAF” > “Axes” and then
double click “Axis 1”:

Solution Explorer > 0 X
WE-|o-a| =
Search Solution Explorer (Ctrl+;) P~

& Solution 'MotionProject’ (1 project)
P ui MoticnProject
b @l SYSTEM
4 [ MOTION
4 [|8] NC-Task 1 SAF
[ NC-Task 1 SVE
’5 Image
7] Tables
Objects

B
4 o fAxes

o p—

8. Select the “Settings” tab and then click “Link to PLC...”
MotionProject = > LN

General Settings  Parameter Dynamics Online  Functions Coupling Compensation

Link To I/0... |Drive 1 (Unidrive M700 RFC-5) |

m— |

Auis Type: CAMNopen DS402/Profile MOP 742 (e.q. BtherCAT CoE Drive) e

o )

— —_—
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9. When the “Select Axis PLC Reference (‘Axis 1) dialog appears, select “MAIN.Axis1” and
then click “OK”.

I 0K I

Cancel

() Unused
® all

Now the axis is ready for normal PLCopen motion programming.

10. The next steps are the same whatever the platform e.g. Power the axis using MC_Power,
Read the status using MC_ReadStatus, and jog using MC_Jog. To add this functionality the
control blocks must be declared e.g.

MAIN® + X
1 PROGRAM MRIN
= 2 VAR
3 Rxisl: RXIS REF;
4 ExislPower: MC Power:
ExislStatus: MC ReadStatus;
Exisldog: MC Jog;
END VAR

=] o

Next, call the function blocks from the program area:

1 AxislPower (Axis := RAxisl);
2 AxislStatus (Axis := Axisl);
3 BxislJog(Axis := RAxisl):

LIIVIH As a minimum the Axis must be linked to each PLCopen FB instance i.e. “Axis :=
Axis1”.
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. Press activate configuration to compile the software, and load it to the target, and set run
mode:

et Build Debug Tw

e M| XA |

Activate Configuration >

Project: | MotionProject ‘

Target: | CX-3F43E4 ‘

[J autostart PLC Boot Project(s)

Click “OK” on the restart TwinCAT dialog.
TcKaeShe o

o Restart TwinCAT System in Run Mode

The PLC changes to run mode as shown by the box surrounding the green TwinCAT state
symbol:
Build Debug T
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12. Click the login icon 2 to view the code while it runs:

Click “OK” to the “TwinCAT PLC Control” dialog.

Application "Port_851" does not exist on device "MationProject”. Do you want to

create it and proceed with download?

Yes

The live values for each of the PLCopen function blocks may be seen:

e R
MotionProject.MotionProjectPLC.MAIN

Expression Type Value |
+ d Axisl AXIS_REF
= é AxislPower MC_Power
+ " fxis REFERENCE TO AXL...
*% Enable BOOL
*% Enable_Positive BOOL
4% Enable_Negative BOOL
4% Override LREAL 100
4% BufferMode MC_BUFFERMCDE MC_Aharting
+ % Options ST_PowerOptions
" Status BOOL
"& Busy BOOL FALSE
P Active BOOL FALSE
B Error BOOL FALSE
F# ErrarlD UDINT 16200000000
“ a Aacimd Cdadiam LY T o Y T} Wy Sy —=
1 AxislPower (Axis := RAxisl);
2 AxislStatus(Axis := Axisl);
3 AxislJog(Axis := RAxisl) :;[EETURN]

Page 62 of 153



13. Run the application (if it is not already running) by pressing the 4 button.

When the system is running the online tool bar looks like this:

= g

14. To power the axis, apply 24V to the drives STO / Enable input. Expand Axis1Power and then
then click in the prepare box to the right of the values of the Enable, Enable_Positive, and

Enable_Negative inputs. Press the “Write Values” button = or Ctrl+F7 to set the prepared

values.

i | MotionProject

U |

~ = MotionProjectPLC - |

| W e e e e e

=g 'EO | &

MAIM [Onling] + >
MotionProject.MotionProjectPLC.MAIN

Expression
+ @ Axisl
= & Axis1Power
+ ™ pxis

*% Enable

“% Enable_Positive

% Enable_Negative

*% Override

% BufferMode
“% Options
" Status
"% Busy
" Active
" Error
" ErrorlD

L Masimd Ckmbiim

Type

AXIS_REF
MC_Power
REFEREMCE TO AXI...
BOOL

BOOL

BOOL

LREAL
MC_BUFFERMODE
5T_PowerQOptions
BOOL

BOOL

BOOL

BOCOL

UDINT

mam m e

Value Prepared value Add

FALSE
100
MC_Aborting

-

-

TRUE

;'TI

1600000000

=

After the values have been applied the value changes as shown and the drive will be enabled

and in “Run”:

MAIN [Online] & X

MotionProject. MotionProjectPLC.MAIN

Expression
+ @ Axisl
= ¢ AxisiPower
+ My nxis
*% Enable
“% Enable_Positive
*% Enable_Negative
4% Override
*% BufferMode
+ % Options
F@ Status
F$ Busy
"% Active
"#% Error
Fd ErrorlD

Type

AXIS_REF
MC_Power
REFERENCE TO AXI...
BOCL

BOOL

BOCL

LREAL
MC_BUFFERMODE
S5T_PowerOptions
BOCL

BOOL

BOCOL

BOOL

UDINT

Value Prepared value Ade

MC_sborting
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15. The axis may be Jogged by setting the JogForward or JogBackwards bits. If the inputs for
Velocity, Acceleration, and Deceleration are left at 0, the default values configured in “Axis 1”
> “Parameter” tab. Click in the “Prepared Value” box for JogForward to set it to TRUE and

then press the “Write Values” button = :

| | MotionProject 2

CX-3F43E4 - 2

MAIM [Onling] + X

MotionProject. MotionProjectPLC.MAIN

MotionProjectPLC

m 4|

=0 &

Expression Type Value Prepared value Add
+ @ Axisl AXIS_REF
+ @ Axiz1Power MC_Power
+ @ Axis1Status MC_ReadStatus
= @ Awisllog MC_Jog
+ " axis REFERENCE TO AXL...
4% JogForward BOOL FALSE
*% JogBackwards BOOL
“$ Mode E_JOGMODE MC_JOGMODE_S...
*% Position LREAL 0
% Velocity LREAL 0
*% Acceleration LREAL 0
*% Deceleration LREAL 0
% Jerk LREAL 0
"% Done BOOL FALSE
LT e [ Coy o
-

The axis will begin jogging. To stop the axis repeat this procedure but instead click the

prepared value until FALSE is shown and then click “Write Values” = or Ctrl+F7.

16. When the complete motion system has been programmed, the position loop can be tuned
using the worst case working motion profile e.g. one that has the highest acceleration rate
and jerk. See section 10.10 How and when to tune the Position Loop.

Profile Settings | Tuning | Application = Motor Noise
Speed Loop
® Bandwidth Manual
Dampened Stiff
Response Response
0OHz TOHz 200 Hz w
Speed loop P gain 0.0099 v | 5frad
Speed loop | gain 0.87 ~ | 1/rad
Maotor Inertia 0.00013 & kgm?
Enable Inertia compensation? Off
Position Loop
Min Max:
Response Response
0 100 ~

AMC Position Control Loop Kp Gain | 25.000 $ b4

AMC Position Loop Speed Clamp 328 rpm
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10 How to guides

10.1 How to home using MC_Home

MC_Home is the standard homing function specified by the PLCopen standard. In TwinCAT like many
other PLCopen IDEs, this triggers the homing functionality in DS402 to perform the homing function.
The majority of the setup for this homing mechanism is actually defined by the “Axis 1” “Parameter”
tab, and the “Enc” parameter tab.

Solution Explorer ARl IMotionProject # X MAIN®
Bl ® -
m =5 ‘ o-d | ﬁE General Settings Parameter Dynamics Online Functions Coupling Compensation
Search Solution Explorer (Ctrl+;) P~

Paramet Offline Val
&1 Selution 'MotionProject’ (1 project) 'Mi ine Value

4 o]l MationProject Maximum Dynamics:

b |l SYSTEM Reference Velocity 2200.0
4 MOTION Maximum Velocity 2000.0
“ NC-Task 1 SAF Maximum Acceleration 15000.0
[E1 NC-Task 1 SVB
~ Maximum Deceleration 15000.0
A7 Image
7] Tables - Default Dynamics:
[E] Objects Default Acceleration 1500.0
Sntie Default Deceleration 1500.0

Default Jerk 2250.0

Manual Motion and Homing:

Homing Velocity (towards plc cam) 30.0

4 g=| MotionProjectPLC Project
3 External Types
b [ References

Homing Velocity (off plc cam) 30.0

anual Velocrty (Fast]

[ DUTs 8
3 GVLs Manual Velocity (Slow) 100.0
4 [ POUs Jog Increment (Forward) 50
] MAIN (PRG) Jog Increment (Backward) 5.0
Solution Explorer ARl MotionProject £ X MAIN®
Wi g E General | NC-Encoder  Parameter Time Compensation  Online
Search Solution Explorer (Ctrl+;) P~
3] Selution ‘MotionProject’ (1 project) ’_ fatamets OHin=raIe
d “i MotionProject - Limit Switches:
3 ﬂ SYSTEM Soft Position Limit Minimum Menitering FALSE LI
B MOTION Minimum Position 00
“ NC-Task 1 SAF Soft Position Limit Maximum Monitoring FALSE LI
[&1 NC-Task 15VB R N
+0 | Maximum Pesition 0.0
o+ Image
[ Tables +  Filter:
@] Objects - Homing:
4 S hoces Invert Direction for Homing Sensor Search FALSE I
Invert Direction for Sync Impuls Search TRUE LI
" Aputs Home Position (Calibration Value) 0.0
b W Outputs Reference Mode (Sync condition) ‘Default’ =l
3 *ﬂ Drive Homing Sensor Source 'Default: PLC Cam (MC_Home)' LI
The default homing operation when using MC_Home is the classic homing profile shown below:
F 3
@ calibration siale @ } @ . @ : @ : @ : @
v . . & :
“g
2
calibration cam active ﬁ;
= ]
. =
=
=1
4 -
i L
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In the previous profile when homing is started:

e The axis will search forwards for a homing switch that has been routed to the MC_Home
blocks bCalibrationCam (Home Switch) input.

e When the homing switch sets MC_Home. bCalibrationCam = TRUE, the motor will reverse
direction looking for bCalibrationCam to change state to FALSE.

e When MC_Home. bCalibrationCam = FALSE, the position is reset to MC_Home.Position.

e The axis slows down and stops, and MC_Home.Done is set to TRUE.

To test the behaviour, use the following steps:

1. Set Configuration Mode by pressing B and then click OK to all the following dialogs.
2. Declare an instance of MC_Home called Axis1Home and then reference it in the program
area:

MAIN = X

1 PROGEAM MAIN
= 2 VAR

3 Bxisl: RXIS REF:

4 Axis]lPower: MC Power;

5 Axisl5tatus: MC Read3tatus;
& AxislJog: MC Jog;

7 [ExisiHome: WC_Home:]
END VAR

1 BAxislPower (Axis := BAxisl):
2 BxisglStatus (Axis := RAxisl);
3 BxislJog(hxis := RBxisl);

4 |ExislHome (Rxis := Rxisl);|
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Press activate configuration to compile the software, and load it to the target, and set run
mode:

zact Build Debug Tw

e M| XA

Click “OK” on the “Activate Configuration” dialog
Activate Configuration x

Project: ‘ MotionPraject |

Target: ‘ CX-3F43E4 |

(] Autostart PLC Boot Praject(s)

Click “OK” on the restart TwinCAT dialog.
TcHaeShe *

o Restart TwinCAT System in Run Mode

The PLC changes to run mode as shown by the box surrounding the green TwinCAT state
symbol:
Build Debug T

Click the login icon _E to view the code while it runs:

Click “OK” to the “TwinCAT PLC Control” dialog.
TwinCAT PLC Contro >

Application "Port_851" does not exist on device "MationProject”. Do you want to
create it and proceed with download?

Yes Mo Details. ..
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5. Run the application (if it is not already running) by pressing the 4 button.

When the system is running the online tool bar looks like this:

= 4|

6. To power the axis, apply 24V to the drives STO / Enable input. Expand Axis1Power and then
then click in the prepare box to the right of the values of the Enable, Enable_Positive, and

Enable_Negative inputs. Press the “Write Values” button =l or Ctrl+F7 to set the prepared

values.

T —

i| MotionProject ~ | CX-3F43E4 ~E

MAIN [Onling] & >
MotionProject.MotionProjectPLC.MAIN

Value

Expression
¥ @ Axisl
= @ Axis1lPower
+ " s

“% Enable

“% Enable_Positive
Enable_Megative
Override
BufferMade
Options
Status
Busy
Active
Error
ErrorID

L Maind Cbokin

h
b
5
54
"
"
"
"
"

Type
AXIS_REF
MC_Power

REFEREMNCE TO AXI...

BOOL

BOOL

BOOL

LREAL
MC_BUFFERMODE
S5T_PowerOptions
BOOL

BOOL

BOOL

BOOL

LIDINT

Bam e dri_

I R AT ]

= 4|

-

EO | @ |

Prepared value Add

7. Expand the HomeAxis1 in the declaration area to reveal the MC_Home controls:

MotionProject

MotionProject. MotionProjectPLC.MATN

Prepared value

MAIN [Online] &

Expression Type Value
+ @ Axisl AXIS_REF
+ @ AxislPower MC_Power
@ AxisiStatus MC_ReadStatus
+ @ fadsllog MC_Jog
= @@ AxislHome MC_Home
£ "™ Axis REFERENCE TO AXL...
4% Execute BOOL FALSE
4% Position LREAL 1E+307

*% HomingMode
4% BufferMods
+ 4% Options
4% bcalibrationCam
P& Done
P& Busy
F$ Active
"% CommandAborted
" Error
"% ErrorlD

MC_HOMINGMODE
MC_BUFFERMODE

ST_HemingOptions
BOOL

BOOL

BOOCL

BOOCL

BOOL

BOOL

UDINT

MC_DefaultHomi...

MC_Aborting

16=00000000
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8. Start the homing process by setting Axis1Home.Execute = TRUE by clicking the prepared

o
value box until it says true and then press the Write Value button = :
MAIN [Onling] & 3¢

Expression
o Axisi
+ @ AxislPower
+ @ Axis1Status
+ @ AxislJog
= & AxislHome
+ ™ Axis
4% Execute
4% Position
*% HomingMode
4% BufferMode
+ % Options
bealibrationCam
Done
Busy
Active
CommandAborted
Errar
ErrorlD

CELLT T

Type

AXIS_REF
MC_Power
MC_ReadStatus
MC_Jog
MC_Home

REFEREMCE TO AXT...

BOOL

LREAL
MC_HOMINGMODE
MC_BUFFERMODE
5T_HomingOptions
BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

UDINT

Value Prepared value

1E+307
MC_DefaultHomi...
MC_Abarting

1600000000

9. The axis runs forward. To simulate hitting the homing switch, set Axis1THome.
bCalibrationCam to TRUE by clicking the prepared value box until it says TRUE and then

A+t
press the Write Value button = :
MAIN [Online] + >

MotionProject.MotionProjectPLC.MAIN

Expression
@ Mxisl
+ @ AxislPower
+ @ AxislStatus
+ @ fxisllog
= @ fxislHome
+ " pxis
4 Bxecute
4% Position
4% HomingMode
4% BufferMode
4% Options
4% bCalibrationCam
"% Done
"% Busy
" Active
"% CommandAborted
" Error
" ErrorlD

Type

AXIS_REF
MC_Power
MC_ReadStatus
MC_Jog
MC_Home

REFERENCE TO AXT...

BOOL

LREAL
MC_HOMINGMODE
MC_BUFFERMODE
ST_HomingOptions
BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

UDINT

Value Prepared value

1E+307
MC_DefaultHomi...
MC_Aborting

A
:

16=00000000

| m
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10. The Axis runs backwards looking for the falling edge of Axis1THome. bCalibrationCam. To
simulate releasing the homing switch, set AxisTHome. bCalibrationCam to FALSE by clicking

the EreEared value box until it sa‘s FALSE and then iress the Write Value button i :
MAIM [Onling] = >

MotionProject.MotionProjectPLC.MAIN

Expression
+ @ Axisl
+ @ AxislPower
+ @ AxislStatus
+ @ Axisllog
= @ AxislHome

+ "4y pxis
Execute
Position
HomingMode
BufferMode
Options
bCalibrationCam
Done
Busy
Active
CommandAborted
Errar
ErrorID

FETTTTLLL L

Type

AXIS_REF
MC_Power
MC_ReadStatus
MC_Jog

MC_Home
REFEREMCE TO AXL...
BOOL

LREAL
MC_HOMINGMODE
MC_BUFFERMODE
5T_HomingOptions
BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

UDINT

Value Prepared value

1E+307
MC_DefaultHomi...
MC_Aborting

FA

1600000000

11. The position is reset, the axis stops, and Axis1THome is set to TRUE indicating that the

homing sequence has completed.
MAIN [Onling] & >

MotionProject. MotionProjectPLC.MAIN

Expression

+ @ Axisl

+ @ Axis1Power

+ @ Axis1Status

+ @ Axisllog

= @ AxislHome
N

Execute

Position

HomingMode

BufferMode

Options

bCalibrationCam

Done

Busy

Active

CommandAborted

"$ Error

"§ ErrorlD

TSI L L L L

Type

AXIS_REF
MC_Power
MC_ReadStatus
MC_Jog
MC_Home

REFERENCE TO AXI...

BOOL

LREAL
MC_HOMINGMODE
MC_BUFFERMODE
ST_HomingOptions
BOOL

BOOL

BOOL

BOOL

BOOL

BOOL

UDINT

Value Prepared value

1E+307
MC_DefaultHomi...
MC_aAborting

Al SF

1600000000

For further information on MC_Home Setup see the Beckhoff Information System

https://infosys.beckhoff.com/
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10.2 How to configure PDO mappings

This section covers a range of subjects relating to common automation tasks and configuring PDO

mappings.

10.2.1 How to map touch probe PDOs

Using the default ESI PDO mappings, the Touch probe functionality is not mapped, and will result in

MC_TouchProbe giving an error ID of 0x701 (1793).
correctly it looks like this in the project tree:

4 = Drive 1 (Unidrive M700 RFC-S)
a Outputs - Position Status

Status word

Position actual value

Touch probe status

Touch probe 1 positive edge
Touch probe 1 negative edge
Touch probe 2 positive edge
Touch probe 2 negative edge

oy gy Loy Loy o gy

a Inputs - Position control
%%~ Control word
M- Target position
Touch probe function

Grey box indicating
that the PDO is
linked to the NC Axis

When Touch Probe 1 and 2 are mapped

To resolve this, the following steps show how to map the data in:

1. Put TwinCAT in Config mode by clicking on

the button.

2. Locate the drive to add the links to under “I/O” in the solution explorer. Double click on the

Drive name e.g. Drive 1:
4 % Drive 1 (Unidrive M700 All Modes)

3. When the properties browser opens, select the “Process Data” tab:

General EtherCAT DC | ProcessData Pic Slots
Sync Manager PDO List

5M  Size Type Flags Index

0 256 MOt Ox1ADD

1 256 Mixin Ox1AD1

2 6 Outputs Ox1AD2

Star

Size
40
30
6.0

Page 71 of 153



4. To set the PDO List find “Inputs - Position Control” box, and click on it to highlight the

selection:
PDO List

Index Size Mame Flags SM sU

Dx1AD4 40 Qutputs - Torque Status ]

Dx1AD5 00 Qutputs - Large Mapping Sat ]

0=1600 40 Inputs - Velocity Control ]

0x1601 = 11] Inputs - Conftrol and Mode of Op ]
Inputs - Posiion Control 0

=604 40 Inputs - Torque Control ]

0=1605 00 Inputs - Large Mapping Set L]

5. Right click in the “PDO Content” box, and right click, then select “Add New Iltem...”:
PDO Content (0x1602)

Index Size Offs Name Type

OxG040:00 20 0.0 Control word LINT

O=507A:00 40 20 Target position DINT
1 Add New Item.. Ctrl +Shift+A

Predefined PDO Soes =

6. When the “Pdo Entry dialog” appears, scroll through the “From Dictionary:” options and look
for 0x60B8 or Touch Probe Function. Click on this entry when it has been located. The details
of the mapping will be automatically added. Click “OK” when finished.

Edit Pdo Entry >

Mame | Touch probe function 0K
Inclex (h/d) |.I]xEIZIEIE= | 24760 | Cancel

Sub Index (hd), |0x0 | [o

Data Type: UINT wr

Bit Length:

4k

From Dictionary:

Dx6040 - Controhword s

06042 - v target velocity

(hei046:01 -+ velacity min amaount

DB046:02 - vl velocity mex amount

0x60458:01 - deha spead

Dx6045:02 - delta time

(k04301 - delta speed

(604902 - delia time

NxE044.01 - delta spaed

Ox56044:02 - dalta time

0x6048:01 -+l set-point tactor numearator

(x6048:02 - set-point tactor denominator

(eB04C: 07 -+ dimension factor numerator y
-l i .

N LNATOTD o d allice memaiss i o ol o g s b
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7. This process is repeated for the outputs. Select the PDO list item marked Outputs — Position

Status

PDO List
Index Size Name Flags SM su
0x1A00 40 Outputs - Velocity status 0
OxIA01 30 Outputs - Status and Mode of Op 0
Ox1A04 40 Outputs - Torque status 0
Ox1A05 00 Outputs - Large Mapping Set 0
0x1600 40 Inputs - Velocity control 0
0x1601 30 Inputs - Control and Mode of Op 0
Mw1RN2 a0 Innuite - Pactinn rantral 2 n

Then add a new item:
PDO Content (0x1A02):

Index Size Offs Name Type Default (hex)
Ox604100 20 0.0 Status word UINT
Ox506400 40 20 Paosition actual value DINT
10  Add New ltem... Ctrl+Shift+A
Delete Del
Predefined PDI - '
— Edit

Then Select 0x60B9 — Touch Probe Status, and click OK when completed:

Edit Pdo Entry * |
Mame Touch probe status 0k
Inclex (hyd) 0x60B9 | |21 e
Sub Index (hd): |0x0 | [o
Data Type: UINT V
Bit Length: 16 =
From Dictionarny:
0x603F - Error code s

0041 - Statusword

06043 - A velocty demand
Db 44 - A velocity actual value
0xB061 - Modes of operation display |
0x6062 - Position demand value |
Ox6064 - Position aciual value
0xB0EE - Welocty demand value |
DxB0EC - Velocity actual value

05077 - Targue actual value

0x6078 - Current actual value

060849 - Touch probe status

OxE0BA - Touch prabe 1 positive edge N

M LNDD  Tmsimb membom T pommmith om moadmm
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8. If only 1 touch probe is required just map the edge type required using the previous method.
By default positive edge is selected by the touch probe instance.

MHame: |T0uch probe 1 pozitive edge ll
Index (h/d): || 0x50BA | |247e2
Sublndex || 0uD | o |

Data Type: DIMT

Bit Length: 2 =

From Dictionary:

Ok

Cancel

(B03F - Eror code

06041 - Statuzword

(06043 - vl velocity demand
(xE044 - vl velocity actual value
(4E0E1 - Modes of operation dizplay
(04E0E2 - Postion demand value
(«E064 - Position actual value
1«E0BR - Welocity demand walue
Q«E0BC - Welocity actual value
QuE077 - Torque actual value
(E07E - Current actual value
14E0B 3 - Touch probe status
E0BA - Touch probe 1 positive edge

[ | B OPYSY (SRR NS, R

—tlieo o deo

9. ltis possible to include all 4 edges if required for Touch probe 1 (negative and positive) and

Touch probe 2 (negative and positive):

M ame: |Tnuch probe 1 positive edae

Indes (hidl | D4EDBA | 2472

Sublndex  |0x0 | o

Data Type: DIMT

Bit Length: a2 =

Fram Dictionarny:

Ok

Cancel

=E0EE - Velocity demand value
B0EC - Yelocity actual value

xE077 - Torque actual value

06078 - Current actual value

0G089 - Touch probe staby

xG0BA - Touch probe 1 positive edae
%G0EE - Touch probe 1 neqgative edge
G0EC - Touch probe 2 positive edge
1«60B0 - Tauch prabe 2 negative edge
1xb0Fa - Follovang error actual value
060FA, - Control effort

0<60FB:01 - P Gain

0=60FE:02 - Wif Gain

For simplicity, this example continues assuming Touch probe 1 is used with a rising edge

only.

wIVIH A minimum of firmware V01.61.00.00 drive firmware and EtherCAT firmware
V01.12.00.24 with the associated ESI files are required to use this functionality.
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10. When the PDO mappings are added they need a further step to link them to the axis.

Grey box indicating
that the PDO is
linked to the NC Axis

The new PDOs don’t

4 B Drive 1 (Unidrive M700 RFC-5)
i Outputs - Position Status
a1 Status word
%! Position actual value

/y'* Touch probe status
have the grey box and

are not linked yet

#] Touch probe 1 positive edge

BININ In the latest versions of TwinCAT the axis linking process happens automatically.

11. To link the new Touch Probe PDOs, double click on the axis associated with the drive and
select the settings tab. When the tab is open click on “Link to I/O...”:

- I x

Solution Explorer
Qe o-a| p=

Search Solution Explorer (Ctrl+;) P -

Fa] Solution 'Dual Drive Rig' (1 project) o
4 “a Dual Drive Rig
4 | SYSTEM
[H License
4 @ Real-Time
[E1 1/0 Idle Task
4 % Tasks
[& PlcTask
=f= Routes
85 Type System
TcCOM Objects
4 MQTION
4 [[B] NC-Task 1 SAF
[B1 NC-Task 1 SVB
*B Image
[ Tables
Objects

4 S Axes

MC_CT_SpeedAuxis.FollowingError

MAIN.Motion Dual Drive Rig & X l

General Parameter Dynamics Online Functions Coupling Compensation

|Gk To 170... | [orive 1 (Unidive M700 RFC-5) |
Link To PLC... [MAIN.Axis 1 (Dual Drive Rig Instance) |
Puis Type: CANopen DS402/Profile MDP 742 (g.g. EtherCAT CoE Drive) ~
Unit: mm | Display (Only}
Position: [ |pm [ Modulo
Velocity: [ mm/min
Result
Position: Velocity: Acceleration: Jer:
|mm | |n'|n1fs | |mmx’52 | |n'|n1f’53 |
Puis Cycle Time / Access Divider
Divider: 1 > Cycle Time (ms):
Modulo: 0 =

12. When the “Select I/0 Box / Terminal” dialog appears, select (none) and then click “OK”:

B Select /O Box/Terminal (' Axis st
Type Hare Carnrent
[mone)
LANopen D5402, EtherCAT CoE Drive 1 [Unidnve M700 RFC-5) Uridrive M700 RFC-S
< >
® Unused
O &l Cancel
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13. Click “Link to I/0...” on the Settings tab a second time, and when the “Select 1/0O Box /
Terminal” dialog appears, choose the drive that is associated with the axis and click “OK”:

Tvpe MHame Comment

[none] [hone]
CaMNopen DS402, EtherCAT CokE Dirive 1 [Unidrive b 700 RFC-S)

Unidrive M700 RFC-5

® s

Ol Cancel

14. The TwinCAT system will then automatically connect the Axis to the drive PDO mapping:
4 B Drive 1 (Unidrive M700 RFC-S)

Grey box indicating F Outputs - Position Status

that the PDO is 2 Status word

linked to the NC Axis %! Position actual value
2! Touch probe status

| Touch probe 1 positive edge

15. Save the changes by pressing ! and activate the configuration by pressing Eﬁ/. Touch
probe can now be used without errors using MC_TouchProbe and TRIGGER_REF.

Page 76 of 153



10.2.2 How to convert parameter numbers to CANopen object references

Parameters are converted to CANopen style object reference using the following formula:
Index = 0x2000 + 0x100 * Slot Number + Menu number (converted to hexadecimal)
Subindex = Parameter number

E.g. Drive parameter Pr3.017 is referenced as Index = 2003, Subindex = 17.

3INIB The slot number is 0 for standard drive parameters such as Pr3.017. J

10.2.2.1 Short drive parameter references

Pr20.021 - Index 0x2014 Sub-index 21

Menu Parameter
Number Number

Short drive parameter

references (mm.ppp) Pr20.021
pej

\
Convert
to hex
Fixed |
| VAR A
Equivalent CAN object OXZO 14 2 1
\ /] J
I I
Index Sub-index
(hex value) (Decimal value)
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10.2.2.2 Long option parameter references

Pr3.02.025 = Index 0x2302 Sub-index 25

Slot

Long option slot

parameter references

LIJ\_

Fixed \
|

Menu Parameter
Number Number  Number

Convert
to hex

v
I

2.025
e

Equivalent CAN object

)
0x2302 25
\ ] U

Index

(hex value)

Sub-index
(Decimal value)
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10.2.2.3 How to find the parameter data type

The data type can be found by looking at the parameter reference guide in Connect. Click “Parameter
Reference Guide” in the Device tree and then expand “Parameter Reference”, then expand the drive
mode e.g. Open-Loop, RFC-A or RFC-S, then select the menu number for the target parameter for
the PDO e.g. Menu 20.

O

close all

'ﬁg Unidrive M700
_1 Parameter mm.000

| Current Ratings

>

[~

7 Parameter Reference I

>
>

~ |7 RFC-S

| Open-Loop
| RFC-&

| Menu 1 Speed References

| Menu 2 Speed Ramps

| Menu 3 Speed Control snd Position Feed!
| Menu 4 Torgue and current control

| Menu 5 Motor Control

| Menu & Segquencer and Clock

| Menu 7 Analog I/C

| Menu & Digital I/O

| Menu 9 User Functions 1

| Menu 10 Ststus and Trips

| Menu 11 Miscellaneous

| Menu 12 User Functions 2 and Brake Cor
| Menu 13 Standard Motion Controller

| Menu 14 User PID Controller

| Menu 18 Applicstion Menu 1

VoW W W W W W W W W W W W W v W

| Menu 15 Applicstion Menu 2

7 Menu 20 Applicstion Menu 3

=] Single Line Descriptions

] 20.001 Application Menu 3 Read-write
] 20.002 Application Menu 3 Read-write
E] 20.003 Application Menu 3 Read-write
=] 20.004 Application Menu 3 Read-write
] 20.005 Application Menu 3 Read-write

Y 20.006 Annlication Manis 3 Read-write

Parameter Reference Guide

Parameter reference guide for the selected device

Parameter 20.02
Short description Gene
Mode RFC-
Minimum -2147
Default 0
Type 32 Bil
Display Format Stand
Coding RW
Parameter 20.02
Short description Gene
Mode RFC-
Minimum -2147
Default 0
Type 32 Bil
Display Format Stand
Coding RW
Parameter 20.02
Short description Gene
Mode RFC-
Minimum -2147
Default 0
Type 32 Bil
Display Format Stand
Coding RW
Parameter 20.02
Short description Gene
Mode RFC-
Minimum -2147
Default 0
Type 32 Bil
Display Format Stand
Cadina RW

If you are unsure of the mode that the drive is in double click on “Setup” > “Drive Configuration” and
the current mode will be shown when the drive is “Online”.

4

Online

~» v U@

Upload
from drive

G
LJ

Download Connection Set mode Default
to drive settings  and region

Drive - Unidrive M700 (192.168.1.2)
= ow X

Drive

model

Drive Configuration (192.168.1.2) = X

= Parameter List

O B

Set "3 Block Diagram

Reset Save parameters
in drive
Parameters

Menu 31 : AMC Genera..p (

Motor 8 Feedback Brake

Configuration

Drive Configuration - (Unidrive

Madel

03200050 + | 0.75kW (5A) L]

Mode | RFC-5 v L]

Region | 50Hz

k4 [ ]
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Select the parameter to get the data type for:

How to videos

@ Unidrive M700 (169.254.29.230.3.1:1001) m Parameter Reference Guide

Parameter reference guide for the selected device

> Menu 12 Use “ + || |Parameter 20.021 Application Menu 3 Read-write Long Integer 21
b4 Menu 13 Short description General read-write long integer application p.
4 Menu 14 L Mode RFC-S
4 Menu 18 App| enu 1 Minimum 2147483648 Maximum 2147483647 |
> Menu 1% App. enu 2 Default 0 Units
- Menu 20 App. 3 Type: 32 Bit Volatile | Update Rate IN/IA
@ Unidrive M700 (169.254.29.230.3.1:1001) E] single Line D s Display Format Etandard Decimal Places 0
v 83 Setup Coding |RV\’
Drive Configuration Parameter [20.022 Application Menu 3 Read-write Long Integer 22
Motor & Feedback Short description _|General read-wrile long integer application parameter
Brake Mode RFC-S
Referances Minimum -2147483648 Maximum 2147483647
Limits Default 0 Units
Save Parameters Type 32 Bit Volatile Updaie Rate IN/A
Auto-Tune Display Format Standard Decimal Places 0
Motor & Laad Inertia Coding RW
Performance Tuning
Finalise Parameter 20.023 Application Menu 3 Read-write Long Integer 23
s € Ethemet Short description General read-write long integer application parameter
Mode RFC-S
» @ Options Minimum -2147483648 Maximum 2147483647
> B3 solutions Default 0 Units
85 Maintenance Type 32 Bit Volatile Update Rate /A
W Oscilloscope Display Format Standard Decimal Places 0
Coding RW
2q: Terminal Overview
> [E] iagnostics Parameter 20.024 Application Menu 3 Read-write Long Integer 24
> = Parameters Short description General read-write long integer application p:
Mode RFC-S
on Menu 3 Minimum 21474283648 TMaximum 2147433647

The parameter reference guide gives a number of bits and a minimum and maximum which may be
used to find the IEC data type e.g. DINT. The table below show how to convert to IEC data type used
by TwinCAT:

Bits from parameter Signed range IEC data type

reference guide

1 N/A BOOL
8 No USINT
8 Yes SINT
16 No UINT
16 Yes INT
32 No UDINT
32 Yes DINT

E.g. Pr20.021 is a 32bit value and the range is -2147483648 to
2147483647 which shows that the value is signed, therefore the IEC data type used in TwinCAT is
DINT.

Bits from parameter Signed range IEC data type

reference guide Pr20.021
32 Yes DINT
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10.2.3 How pass data between drive parameters and variables using PDOs

This section shows how to map data from a PLC program variable to a drive parameter via PDO
mapping, and from a drive parameter to a PLC program variable via PDO mapping. The following
instructions show how to map to and from Menu 20 parameters in the drive, however the same
philosophy can be applied to any parameter.

1. For the purposes of this example the PDO mappings will interact with variables in a GVL
(Global Variable List) making the data available to any POU. Right click on the GVL folder
and select “Add” > “Global Variable List”. Name the list and then in declaration area of the

GVL add the foIIowinc.):

1
= 2 VAR GLOBAL
3 FromDriveToPLC AT 3I* :DINT;
FromPLC ToDrive AT $Q*:DINT;
s END VAR

The variables in the list have been allocated to the | and Q memory areas. This is a key
step that allows the variables to be “seen” in the in the PDO linking list. Take care to use the
correct memory area where | registers are for data going from the drive to the PLC, and Q
registers are for data going from the PLC to the drive.

4
NN The “*” used in the memory allocation e.g. %I* allows the TwinCAT system to select which
area of the registers should be used. This is recommended.

4

2. When the GVL is created build the application by pressing Ctrl+Shift+b. This will make the
GVL elements available in later steps. Failure to do this will mean that the variables such as
FromDriveToPLC will not appear in the data mapping selector.

3. In the “Solution Explorer” tree, double click on the drive node to exchange PDO data with to
open the drive properties. Next click on the “Process Data” tab, then select the 0x1A02 index
from the PDO list, then right click in the PDO Content box and select “Add New ltem...”

Solution Explorer ARl Dual Drive Rig # X KeiR

~ v 1
RE-| o7 fl=- General EtherCAT DC ch Slots  Startup
: . 2= Sync Manager PDO List
% Solution 'Dual Drive Rig’ (1 project) SM Sze Type Flags Index Sze  Name Flags M su
4 @il Dual Drive Rig 0 25  MbxOut Ox1AD0 40 Outputs - Velocity status 0
b il SYSTEM 1 256  Mbxin 0xIA01 30 Outputs - Status and Mode of Op 0
b & MOTION 2 8 Outputs [ox1a02 160 Outputs - Position Status 3 | 0
[ m PLC 3 16 Inputs 0x1A04 40 Outputs - Torque status 0
4 @Fvo 4 0 Outputs 0x1A05 00 Outputs - Large Mapping Set 0
4 "% Devices 5 0 Inputs 0x1600 40 Inputs - Velocity control 0
) 0x1601 30 Inputs - Control and Mode of Op 0
4 =% Device 2 (EtherCAT) w102 20 Innuste - Pncitinn rantral 2 [1}
% |mage
e PDO Assignment (0x1C12) PDO Content (0x1602)
Image-info =
b 2 SyncUnits :UNGO? Index Size offs Name Type Default (he}
10160 0x604000 20 00 Control word UINT
£ inputs pOmE02 0x607A00 4.0 20 Target posit DINT
™ox1604 arget position
b W Outputs [Jox160s Ox608800 20 Touch probe functon UINT
> @l InfoData =
4| ¥ Drive 1 (Unidrive M700 RFC-S) | 0 Add New ltem.. Ctrl+Shift+A

Page 81 of 153



4. How to convert parameter numbers to CANopen object referencesUsing the information in
section 10.2.2 How to convert parameter numbers to CANopen object references, add
the reference for the parameter to receive data from. For this example Pr20.030 will be used.
Click “OK” when the parameter reference has been added.

M arme:

Index (hed):

M20P30

|0x2014 | |s212

Sublndex [ Ox1E D

Drata Tepe: DIMT

Bit Length: 32

1k

From Dictionany:

| ak |

Cancel

OxB03F -
O=x6041
OxE043 -
OxE044 -
OxB0E1
OxB062 -
0=6064 -
OxB0GE
OxG60BC
OxB077 -
OxE07E -
O=60B1T -

[wMinininln]

OxGOBA -

Ermor code

- Statuzword

vl welocity demand
vl welocity actual value

- Modes of operation display

Pozition demand value
Puozition actual value

-"elocity demand value
-Welocity actual value

Torgue actual value
Current actual value
Touch probe status
Touch probe 1 positive edge

o Y PR . RPNy R g

L

5. Select “0x1602” in the PDO list, then right click in the PDO Content box and select “Add New
Item...”. Using the information in section 10.2.2 How to convert parameter numbers to
CANopen object references, add the reference for the parameter to send data to. For this
example Pr20.031 will be used. Click “OK” when the parameter reference has been added.
add the reference for the parameter to send data to.

Mame:

Index [hd):

Sub Index

[ata Type:

Bit Length:

|1 20P31

02014 | |a212
|0x1F L
DINT

R S

Fram Dictionary:

| ok |

Cahcel

OxE046:01
OwE046:02
OxE048:01
OxE048:02
OxE043:01
OxE043:02
OxE044:01
OxE044:02
O=E504E:01
O=E04E:02
O=E04C:01

L COAT. O

06040 - Contralward
0x6042 - | target welocity

- vl welociby min amount

- | welocity max amount

- delta speed

- delta time

- delta zpeed

- delta time

- delta speed

- delta time

- vl zet-point factor numerator

- | get-point factor denominator
- vl dimengion Factor numerator

PR [ SRR VRPN QU] IPpRp JRpppRy epa Gugy
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6. Map the Output PDO “M20.P30” to “GVL.FromDriveToPLC”. Expand the tree under the drive
to reveal the Output mappings, then double click on the mapping to link. When the
“Attach Variable” dialog opens, scroll down the list until “GVL.FromDriveToPLC” is seen. Click
on “GVL.FromDriveToPLC” and then click “OK” to link the mapping to the variable.

Solution Explorer
@B -8 F-
Search Solution Explorer (Ctri+ p-
%] Solution ‘Dual Drive Rig’ (1 project)
Fi J Dual Drive Rig
b @l SYSTEM
b e mMoTION
[ LTS
a o
4 "% Devices
4 == Device 2 (EtherCAT)
*® image
*® |mage-Info
b 2 SyncUnits
-2 Inputs
> W Outputs
b @ InfoData )
I 4 ¥ Drive 1 (Unidrive M700 RFC-S)
|« Outputs - Position Status
F Status word

¥ Touch probe 1 negative edge
+ M20P30

¥ Position actual value
F Touch probe status

# Touch probe 1 positive edge
[N TS W '

Search: | VX

nDatain3 »
nDataind > 1B 560.0. LINTARRZ [4.0]
nDatains » 1B 564.0. LINTARRZ [40]
nDatalng > |1B566.0. LINTARRZ [4.0]
nDelnpulTime » |B576.0. DINT [40)
# nDataln? » |1B5800 LINTARRZ [4.0]
= FromFlc
# ControlDWord » 1B 416.0. MC PLCTOMNC_AXIS_REF_C
# Owvemde » 184200 UDINT [40]
¥ AdshModeRequest » 1B 4240 UDINT [4.0]
# AxshodeDWord > 1B 428.0. UDINT [4.0)
¥ ExtSetDirection » 1B472.0 DINT [4.0)

L e B |

= FLC
="} Dual Drive Rig
=] Dual Drive Rig Instance
= GWL
#| FromDriveToPLC » 1B 386348.0. DINT [4.0]
B MAIN
B Axis1EGB
= AwisEGE
= Placeholderdais.
= McToFic
# StateDWord » IB505016.0 MCHNCTOPLC » ¥
< >

1B 556 0. LINTARRZ [40] ~|

Show Variables
Only Unused
[C]Exclude disabled
Exclude other Devices
Exclude same Image
[;| Show Toolips
[C]Sort by Address
] Show Variable Groups
Ii‘ Collapse last Level
Show Variable Types
[I#atching Type
Matching Size
D All Types
Amray Mode
Offsets
[Jcontinuous
lgnare Geps
[C]Show Dialog
Wariable Name { Commant
Hand aver

¢ O Teke over

Cancel

% Status word

M20P30

% Position actual value
¥ Touch probe status

> W Inputs - Position control
> @ WcState
> @ InfoData

¥ Touch probe 1 negative edge

¥ Touch probe 1 positive edge

The link icon is now visible, (small grey box with an arrow inside), indicating that
the PDO mapping has been linked.
4 % Drive 1 (Unidrive M700 RFC-S)
- Outputs - Position Status
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7. Map the Input PDO “M20.P31” to “GVL.FromPLC_ToDrive”. Expand the tree under the drive
to reveal the Input mappings, then double click on the mapping to link. When the attach
variable dialog opens, scroll down the list until “ GVL.FromPLC_ToDrive” is seen. Click on *
GVL.FromPLC_ToDrive” and then click “OK” to link the mapping to the variable.

Q- o-8 f=

E Solution ‘Dual Drive Rig’ (1 project)
4 Dual Drive Rig
> @l SYSTEM
b & MoTION
> Bl pic
4 @o
4 "% Devices
4 ™% Device 2 (EtherCAT)
2% mage
5 Image-Info
2 SyncUnits
Inputs
B Outputs
@ InfoData
I 4 ¥ Drive 1 (Unidrive M700 RFC-S) I
b Outputs - Position Status
I 4 W Inputs - Position control |
% Control word
% Target position

i Touch i robe function

b B WcState
[N SR LG

vveww

P~

Search

= PLC

Dual Drive Rig +# X

viX

W Flags > 0B 8240, MCNCTOPLC_AXIS_REF_STAT A
&~ StoteDWord3 > 0B 828.0, MCNCTOPLC_AXIS_REF_S
- Volue > OB 826.0, DWORD [40]
» Flags > QB 8280, MCNCTOPLC_AXIS_REF_STAT
& TouchProbeState > OB 832.0, DWORD [40]
B TouchProbeCounter > 0B 8360, DWORD [40]
& DcTimeStamp > QB 9120, UDINT [40]

Dual Drive Rig

= GVL
& FromPLC_ToDrive > OB 6322760, DINT [40]

Dual Drive Rig Instance

=W MAIN

=Tl Ads1EGB
= AdsEGB
= PlaceholderAxis
=8~ PicToNc

& ControlDWord > QB 5048880, MCPLCTON
& Override > 0B504892.0, UDINT [4.0]

- AxisModeRequest > OB 504896.0. UDINT [«
- AxisModeDWord > 0B 5049000, UDINT [4
- ExtSetDirection > OB 504344.0, DINT [4.0]

Show Variables

[“] Only Unused
[[]Exclude disabled
Exclude other Devices
Exclude same Image
[m] Show Tooltips

[(JSort by Address
[_]Show Variable Groups
[m] Collapse last Level

Show Variable Types
[IMatching Type
Matching Size
(Al Types
Anay Mode
Offsets
[Icontinuous
lgnore Geps
["]Show Dialog
Variable Name / Comment
Hand over

17 [ Teke over

Cancel

- Control word
%~ Target position

b B WcState
b B InfoData

% Touch probe function
M20P31

IV The link icon is now visible, (small grey box with an arrow inside), indicating that
the PDO mapping has been linked.

4 = Drive 1 (Unidrive M700 RFC-S)
b QOutputs - Position Status
4 R Inputs - Position control
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10.

11.

Click the “Activate Configuration” button and then click “OK” if the “Activate Configuration”
dialog appears:

= -2 N | ! | - = | Relea

.oaded) -~ - [ | | # |'_ &

—————
Activate Configuration -,
Project: ‘ MaotionProject |
Target: ‘ CX-3F43E4 |

] Autostart PLC Boot Project(s)

Cancel

Click the login icon -ﬂ to view the code while it runs:

Run the application (if it is not already running) by pressing the 4 button.

Double click on the GVL in “Solution Explorer”. Values set in Pr20.030 in the drive are now
passed to “GVL.FromDriveToPLC” and values set in “GVL.FromPLC_ToDrive” are passed to
Pr20.031.

GVL [Onling] & >

Dual_Drive_Rig.Dual_Drive_Rig.GVL

Expression Type Value Prepared value  Address Comment
“ FromDriveToPLC DINT 111\ %I* Mapped to I register with system memory allocation so it appears inthe mapping
’ FromPLC_ToDrive DINT 227 N %Q* Mappedto Q registers with system memory allocation so it appears in the mapping
\ N
AN Connect Cabalt - ADS TwinCAT
File Home View Toals N\ N

N
EL ﬁ y 4 ¢‘ w:\ FU'J ﬁ‘l‘ﬁ; g:\: +» 2 (‘) @ = Parameter Listings ~ EE

"I3 Block Diagrams ~

Add Project Upload Download Online Upload Download\CoNgection Set mode Default Set  Reset Save parameters Compare
drive~ QOverview to project from project from drive  to drive S{ttiq%s and region model in drive defaul
Project Drrive - 1‘{16 9.254.29.230.3.1:1001) Parameters
Bl essessessssrssmmcon s 555 v I X Menu20; Application Menu B\Qx\k %

ADS TwinCAT Menu 20 Application Menu 3

@ Ax1(169.254.20.230.3.1:1001)

@ £x2 (160.254.29.2303.1:1002) View parameters on the Yrive and option modules.
Compare with Defaults ﬂCompare with\F\'Q-‘iPrint &, Print preview _g@ PDF export i Columns ~ [=| View ~
»p N\
: SN

Parameter | Caption N Categories | Value
Menu 03 : Speed Control and Position Feedba 0026 Application Menu 3 Read-write Long Inbeger}{ N 0
Menu 04 Torque and current control 20027 Application Menu 3 Read-write Long Integer 27 <\ 0
Menu 05 : Motor Control

20.028 Application Menu 3 Read-write Long Integer 28 \ N\ ]
Menu 06 : Sequencer and Clack o . N\
Menu 07 : Analog /0 20,029 Application Menu 3 Read-write Long Integer 29 \ 0
Menu 08 : Digital /0 20.030 Application Menu 3 Read-write Long Integer 30 AN \111
Menu 00 : User Functions 1 20.031 Application Menu 3 Read-write Long Integer 31 4222

In the previous example it can be seen that a value of “111” was passed from Pr20.030 to
GVL.FromDriveToPLC, and that a value of “222” was passed from GVL.FromPLC_ToDrive to
Pr20.031. The screen shot shows the GVL values from TwinCAT and the drive parameter
values in Connect.
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10.2.4 How to map a drive encoder to an NC encoder axis

It is possible to map a drive encoder e.g. a line encoder connected to the drive P2 interface or an Sl-
Universal Encoder module so that could be used as a master position reference for MC_Gearln or
MC_Camin. The following steps show how to configure the mapping and setup the Encoder axis.

1. Itis assumed that the encoder to map to has already been connected to a spare encoder port
on the drive e.g. Drive P2 interface on the D-type encoder port, or an encoder module such
as an Sl-Universal Encoder fitted in one of the drive option slots. Find the Normalised
Position parameter. The table below shows the parameters for each possible encoder port
and the equivalent Index and Subindex to use in the TwinCAT Process Data mapping:

Encoder port ‘ Parameter ‘ Index

Subindex Data Type
Drive P1 Pr3.058 0x2003 | Ox3A (58) DINT (32Bit)
Drive P2 Pr3.158 0x2003 | Ox9E (158) | DINT (32Bit)
Slot 1 P1 Pr15.058 0x200F | Ox3A (58) DINT (32Bit)
Slot 1 P2 Pr26.058 0x201A | Ox3A (58) DINT (32Bit)
Slot 2 P1 Pr16.058 0x2010 | Ox3A (58) DINT (32Bit)
Slot 2 P2 Pr27.058 0x201B | Ox3A (58) DINT (32Bit)
Slot 3 P1 Pr17.058 0x2011 | Ox3A (58) DINT (32Bit)
Slot 3 P2 Pr28.058 0x201C | Ox3A (58) DINT (32Bit)

2. Ensure that the encoder is working by moving the encoder and at the same time check that
the position in the relevant encoder interface parameter, as detailed in the previous table, is
changing with the movement.

3. In TwinCAT, double click on the EtherCAT slave drive to add the encoder PDO mapping to.
When the properties for the slave drive open, select the “Process Data” tab, and then in the
“PDO List” select object “Ox1A02”. In the “PDO content” box scroll to the bottom of the list and
then right click and then select “Add New Item...”

Solution Explorer A @l Dual Drive Rig + X
f:l i | v® - & | ,' EI General EtherCAT DC Ple Slots  Statup CoE-Online AoE-Online Online NC:Online  NC: Fur
cearch Soluti Chrles] S
Search Solution Explorer (Ctrl+;) Pl Syne Manager: W'
%] Solution 'Dual Drive Rig' (1 project) - -
4 nj Dual Drive Rig SM  Size Type Hags Index Size MName Fags SM SI
[ g’] SYSTEM 0 256 MbxOut BJADD 40 Qutputs - Velocity status 0
b @ MOTION 1 256 Mbxin 1A01 30 Outputs - Status and Mode of Op DI
b pLC 2 8 Outputs O 1AD2 16.0 Outputs - Position Status 3 0
4 110 36 Inputs A4 40 Outputs - Torue status 0
4 4;% Devices 4 0 Outputs Ox1ADD 00 Outputs - Large Mapping Set 0
— 5] 0 Inputs Ox 1600 40 Inputs - Velocity control 0
4 7 Device2 (EtherCAT) B1601 30 Inputs -Cortrol and Mode of Op 0
Image < > e = a s &
*® |mage-Info - .
b2 SyncUnits PDO Assignment ((x1C12): PDO Content (O 1A02):
b Inputs %ﬁlw Index Size Offs Name: Type D
b T Outputs ] 1602 =x60BB:00 4.0 6.0 Touch probe 1 negative edge DINT
i [ InfoData []0x1604 x6064:00 4.0 10,0 Pasition actual value DINT
| 4 = Drive 1 (Unidrive M700 RFC-S) | [lecs05 (x6089:00 2.0 140 Touch probe status UINT
3 Outputs - Position Status %7 Add New It )
[ Inputs - Position control Dowrload 5 N - . : 1 s tem... d ' r—
> I WeState ) redefined PDO Assignment: (none) Delete Del
b [ InfoData PDO Assignment Load PDO infa from device Edit
b B Drive 2 (Unidrive M700 RFC-S) PDO Canfiguration ———— ;
4 ﬁ’ Mappings - Print... Ctrl+P
Name Online Type Size
" NC-Task 1 SAF - Device 2 (EtherCAT) 1 Move Up
&”) NC-Task 1 SAF - Device 2 (EtherCAT) Info | & Status word * UINT 20 N
#4 NC-Task 1 SAF - Dual Drive Ria Instance & Touch probe 1 p.. X DINT 40 3
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4. When the “Edit PDO Entry” dialog opens, enter the Name, Index, Subindex and Data Type as
listed in the previous table. For this example, Slot 2 P1 is the location of the second encoder,

5.

and the mapping has been named “Line Encoder”. Click “OK” when finished.

Edit Pdo Entry *
[Hame: Line Encodsr | | |
[index (hvd)  |Ds2010 | =208 | Concel |
[Sublndex |0x3a | 58 |

[DataTope: TDINT v|

BitLengthe 32 =]

Fram Dictionary:

0«B03F - Enror code

06041 - Statuzword

06043 - vl velocity demand
(w044 - vl velocity actual value
(w6067 - Modes of operation display
(xE0E2 - Pogition demand value
(xE064 - Position actual value
14E0EE - Velocity demand value
B0BC - Yelocity actual walue
06077 - Targue actual value
06078 - Cunrent actual value
0«B0BS - Touch probe status
(xB0BA, - Touch probe 1 poszitive edge

[ P S (SRS (Rpppepy By

emmmbiim o dme

In the solution explorer under “Motion”, right click on “Axes” and select “Add New Item...”.

Solution Explorer

Search Solution Explorer (Ctrl+;)

[E1 NC-Task 15VB

j: Image
7] Tables
Objects
b Bk Axis 1
b PLC
¥ ]
4 ﬂ% Devices
4 == Device 2 (EtherCAT)
=8 Image

35 Image-Info
b 2 Synclnits

b h Inputs

fa] Solution 'Dual Drive Rig' (1 project)
4 “_I Dual Drive Rig
b SYSTEM

Qe o-a| L=

- I X =]
D~
Mame Actual |

3 Add New ltem... Ins
0  Add Existing ltem... Shift+Alt+A
Rename

Add MNew Folder...

Paste Ctrl+V

Paste with Links

Dizable
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6. When the “Insert NC Axis” dialog opens, change the type to “Encoder Axis”. Click “OK” when
finished.

nsert NC Axis x
Name:  [dis 2 Mutige: [1 [ | ok |
I Type: Encoder Axis ~ I Cancel
Parameter: | [default] ™

Camment;

7. In the motion program POU add an instance of AXIS_REF for the Encoder Axis.

MAIN* & X

FROGRAM MRTN
VAR

1
Lo I I

Axisl:BXIS REF;
AxislEGB: MC CT EGB Axis:
|M152:AKIS_REF:

i

511

5 END VAR

8. In the Solution Explorer tree, double click on the encoder axis, (Axis 2), when the properties
for the axis open, select the “Settings” tab. Click “Link To PLC”, and then select the new
instance of AXIS_REF, e.g. “Axis2”.

General Parameter Online  Functions

Link To 1/O... | |

[ [onk To PLC... | | |

Auxis T‘_p'pE.': || Select Axis PLC Reference ("Axis 2 X

it

kAl Axiz? [Dwal Drive Rig Instance]

Cancel

(®) Unuszed
Result
All
Position: O

o

Auiz Cycle Tine » Aucess Liviaer
Civider: 1 | Cycle Time {ms):
Modulo: 0 =
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¥ o x

Solution Explorer
& E-|o-d|p=

Search Solution Explorer (Ctrl+;) P-

“ MOTION
4 NC-Task 1 SAF
[Z1 NC-Task 1 SVB
28 Image
] Tables
[ Objects
4 e Axes
b s Axis1

- Axis 2
I Inputs
b [l Outputs
[ Inputs
b [ Outputs
4 PLC
Dual Drive Rig
=] Dual Drive Rig Project
[J External Types

b |l SYSTEM -

MAIN

9. Expand the encoder axis and double click on “Enc”, when the properties for the encoder open
select the “NC-Encoder” tab. Change the “Type:” to “Encoder (universal)”

Dual Drive Rig # >

General| NC-Encoder| Parameter Time Compensation  Online

Link To (all Types)...

|T)"pe:

Simulation encoder ~ I

imulation encoder
Encoder M3000 {24bit Mutti-Tum)
Encoder M3000 (25bit Mutti-Tum)
Encoder M3000 {12bit Single-Tum)
Encoder M3000 (13bit Single-Tum)
Encoder M31X0/M3200
Encoder M2510
Encoder (KL5101/KL5111/IP5109/Profile MDP 511)
Encoder 551 {e.g. KL5001-A/IP5003.Profile MDP 501)
Encoder (KL5051/KL2502-30KKL2521/1P2512/EL2521)
Encoder Incremental (e.g. KL5151/KL5152)
Encoder Stepper (e.g. KL2531/KL2541)
Encoder DC (e.g. KL2532/K12542/K| 2552)
Encoder IP5205
Encoder Analog {e.g. KL30XKLITHHAELIDHELITHK)
Encoder FOX-50
Encoder SERCOS (Position)
Encoder dig. Input (Binary)
Encoder Hydraulic (Force from Pa, Pb, Aa, Ab)
Encoder AX2ox-B200
Encoder ProfiDrive
Ly

0
| Encoder (universal)

10. Select the “Parameter” tab and then set the “Scaling Factor Numerator” to the number of units

per revolution of the encoder, €.9.1000. Set the “Scaling Factor Denominator” to the number
of encoder counts per revolution — by default this is 65536.

General NC-Encoder Time Compensation  Online

- Encoder Evaluation:

Invert Encoder Counting Direction FALSE ;I
Scaling Factor Numerator 1000.0
Scaling Factor Deneminator (default: 1.0) 65536.0
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11. Expand the tree for the drive that the encoder is connected to, then open “Outputs”, and
double click on the name given to the encoder PDO link created in step 4 e.g. “Line Encoder”.

Solution Explorer > o x
G- o-a| p=]

Dual Drive Rig & X

Vanable Fags  Online

Search Solution Explorer (Ctrl+;) P
Name: |Line Encoder
fa] Solution ‘Dual Drive Rig' (1 project)
4 gl Dual Drive Rig Type: [omT
>l svsTem Gow  [owws Fewensaw | s [0
b MOTION
W M [7657 T —
< =yo Linkedto... | |
4 L Devices | =
4 7= Device 2 (EtherCAT) Cof X
+0
Image
2 Image-Info Seach | V| ® ODW T’ali:ablesd
b2 SyncUnit: nly Unuses
b I:::tsm : o a2 > 81320 UNTaRR2(4g | O Erchide deatled
oA naan - 7] Exciude cther D
b B Outputs 1 rDatains > 1B 148.0. LINTARRZ [4.0] E“c‘“da o E" evioes
b [@ InfoData -1 nDatalng 1B 152.0, UINTARR2 [4.0] ES:CUTEST:“E mage
4 = Drive 1 (Unidrive M700 RFC-5) r # rDataln? > 1B 1640, LINTARRAZ [4.0] DSniv;y;:dI::ss
: OUtSPUtS . PUS;IDH Status . [] Showe Yariable Groups
G Statuswor ) %) tDatalnl > 1B 1680, LINTARR2 (4.0) W] Collapse last Level
&' Touch probe 1 positive edge Ful % tDatan2 > 181720, LINTARRZ 4.0 Shon Varicbla T
&/ Touch probe 1 negative edge - nDalalnd > 1B 1800, LINTARRZ [4.0] IZIDIZIV b
& Position actual value -] rDatalnd > 1B 1684.0. LINTARRZ [4.0] g
Touch probe status -~ nDataln§ > 1B 186.0, UINTARRZ [4.0] [ Matching Size
-] nDatalnfi > 1B 1920, LINTARRZ [4.0] O Types
b Inputs - Position control - s 2 furay Mode
b [ WeState Bmﬁ“ iﬂcl Offsets
- In
D_: & InfoData T# nbatainl > 1B 336.0, UINTARRZ 4.0 Dcmlt";“af:saa :
o) = Drive2 (Unidrive M700 RFC-5) T TDaEn s 18 3400, T ARRZ (0] e e
4 mh Mappings %) rDatalnd > 1B MBD, INTARRZ [40] [ Show Dialog
@) NC-Task 1 SAF - Device 2 (EtherCAT) 1 % rDatalnd > 1B 352.0, UINTARRZ [4.0] Wiegils e £ Camricst
&7 NC-Task 1 SAF - Device 2 (EtherCAT) Info ] nDatalns > I 356.0, LINTARRZ [4.0] 5 I e
‘5! MNC-Task 1 SAF - Dual Drive Rig Instance 4% nDatalnE > 1B 3600, UINTARRZ [4.0] ¢ [ Take over
%] rDelnputTime > 1B 3680, DINT [4.0]
-] rDataln? > IB3720 UINTARRZ[40] -

When the “Attach Variable Line Encoder (Input)” dialog opens scroll down to the axis
associated with the encoder, e.g. Axis 2 and select “Axis 2” > “Enc” > “In” > “nDataln1” and
then click “OK”.

FINEN “nDataln1” is always where the encoder data is mapped to, regardless of the axis
number.

The PDO for the encoder is now linked to the encoder axis as indicated by the small grey box
with an arrow in it:

4 B Drive 1 (Unidrive M700 RFC-5)

4 Outputs - Position Status
Status word
Touch probe 1 positive edge
Touch probe 1 negative edge
Position actual value

Iy [y g g

Touch probe status
. Line Encoder

12. Apply the new settings to the project by clicking the “Activate configuration button”
“OK” to any following message boxes.

H
H

. Click
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13. Verify the encoder is working by double clicking on the encoder axis e.g. Axis 2, and when the
properties for the axis open, select the online tab to view the position. This will change as the

encoder is moved.

Solution Explorer
@t o-a| s
Search Solution Explorer (Ctrl+;)

] Solution 'Dual Drive Rig' (1 project)
P Iili Duzl Drive Rig
b |l SYSTEM
4 MOTION
4 [3] NC-Task 1 SAF
[B1 NC-Task 15VB

"!, Image
] Tables
[&] Objects
4 St Aues
b B Axis1
b B Axis2
b PLC
3 ]

Setpoint Position:
2866742.4927

Qvenmide: [%] Total / Control Output:  [%] Emor:

0o000%| [ 0.00/ 0.00%| | 0(0:0)|

Status log.) Status (phys.) Enabling

Ready NOT Maving [ Coupled Mode ] Contraller Set
[ calibrated [] Moving Fw [ Target Pos. [ Feed Fw
[ Has Jab [ Moving Bw [Jin Pos. Range ] Feed Bw
Controller Kv-Factor: [mm./s./mm] Reference Velocity: [mm./s]
[ [ 14
Target Position: [mm] Target Velocity: [mm/s]
o 4 P |

-— —| +|++| @ —
F1 | F2| F5| F4 F8 | _F9

14. The encoder reference can now be used as the master for an MC_Gearln or MC_Camlin by

using the axis name e.g. Axis2.
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10.3 How to view CAN objects

Connect has a powerful diagnostic aid to help the user view CANopen object live called the CAN
Object Viewer. This helps the user to diagnose setup and operational issues with the CiA402 system
layer upon which EtherCAT and NC axes run. If the TwinCAT network isn’t starting, or a drive axis
isn’t running when it should, this tool can help the user understand what is going on.

The tool is found in the Drive explorer tree under “Options” > “Slot[n]” > “CAN Object Viewer” where
[n] is the drive slot in which the SI-EtherCAT interface is located.

v (—l Options
v Slot 3 - 51-EtherCAT
EtherCAT Dashboard
EtherCAT Setup

| CAN Object Viewer |

For Dedicated EtherCAT Drives Such as Digitax HD M753 it is found in the drive explorer tree under
“EtherCAT” > “CAN Object Viewer".
v 4P EtherCAT

EtherCAT Dashboard
EtherCAT Setup
| CAN Object Viewer |

The image below shows an example of the CAN Object Viewer during use:

EtherCAT CAN Object Viewer Control Techniques Unidrive M700
Open ES| Folder #x02010001
Operation Control word (bit) Status word (bit)
Cyclic Sync Position @ Switch on (0) @ Enable voltage (1) @ Quick stop (2) @ Ready to switch on (0) @ Switched on (1) @ Operation enabled (2)
“ @ Enable operation (3) @ Fault reset (7) @ Fault (3) @ Voltage enabled (4) @ Quick stop (5)
@ Switch on disabled (6) @ Warning (7) @ Remote (9)
PDO access  FSoE messages . . @ Target reached (10) @ Limit switch reached (11) @ Active (12)
1000 fsec 0 /sec Target position . Position actual v1alﬁue @ Following error (13)

Search objects ...

4| Index SubInd | Name Type Bit Size | Flags Value

0x1000 0x00  Device type UDINT 32 ro 131474 o
D002 00 Evor iy W = e B -
0x1008 0x00 Manufacturer Device Mame STRING{40) 320 o 0 L
01009 0x00 Manufacturer Hardware Version STRING{40) 320 o 1] L]
0x1004 0x00  Manufacturer Software Version STRING(40) 320 ro 0 L]
061018 0«00 Identity Object omos 2 S -

0x03 Revision Number UDINT 32 ro _ L]
OI0F1 000 Emor Setings o1 64 e -

001 | Loca! Emrfection e | 22 B -

0x02 Sync Error Counter Limit UINT 16 _ L]
01600 0x00  Inputs - Velocity control DT1600 400 w _ L]
Ox1601 0x00  Inputs - Control and Mode of Op DT1600 400 w _ L]

047 Modes of aneratinn UDINT 2 v |CuclicSuncDacition
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The following image highlights some of the useful features and information available within this tool.

CiA402 Control Word,
Target position from the
PLC and the feedback
position from the drive

EtherCAT CAN Object Viewer
Open ESI Folder

CiA402
operating
mode

EtherCAT

CiA402 Status

Word
Control Techniques Unidrive M700
#x02010001

Operation Control word (bit) Status word (bit)
network yclic Sync Position @ Switch on (0) @ Enable voltage (1) @ Quick stop (2) @ Ready to switchon (0) @ Switched on (1) @ Operation enabled (2)
state @ Enable operation (3) @ Fault reset (7)

@ Fault (3)

@ Voltage enabled (4} @ Quick stop (5)

@ Switch on disabled (6) @ Warning (7) @ Remote (9)
me:sDaog - rstor.;::ages Torget position Position sctusl value g 'F[:rug:\t :;(::,((]1 03)) @ Limit switch reached (11) @ Active (12)
per second
CANopen object B e
search UDINT 32 o 131474

(names and CAN
object numbers)

CAN Object

data type in
IEC format

CAN object Index and
Subindex

USINT 8 ro
UDINT

336 ro

10.3.1 MC_Power Disabled and Drive Disabled

SSE -

The object

Hover cursor here
value

to get help on the
CAN object

This screenshot acts a guide to understand the expected CiA402 Status and Control word for a
TwinCAT NC axis with a disabled drive (STO = 0V) and MC_Power.Enable = FALSE.

Operation
Cyclic Sync Position

PDO access
1000 /sec

Control word (bit)

@ Switch on (0) @ Enable voltage (1)

@ Quick stop (2)
@ Enable operation (3) @ Fault reset (7)

FSoE messages

0 fsec Target position

Position actual value
4 16

Status word (bit)

@ Ready to switch on (0)
@ Fault 3)

@ Switch on disabled (6)
@ Target reached (10)

@ Following error (13}

10.3.2 MC_Power Disabled and Drive Enabled

@ Switched on (1)
@ Voltage enabled (4) @ Quick stop (5)
@ Warning (7} @ Remote (9)
@ Limit switch reached (11) @ Active (12)

@ Operation enabled (2}

This screenshot acts a guide to understand the expected CiA402 Status and Control word for a
TwinCAT NC axis with a disabled drive (STO = 24V) and MC_Power.Enable = FALSE.

Operation Control word (bit)

Cyclic Sync Position

PDO access
1000 /sec

@ Switch on (0) @ Enable voltage (1)

@ Quick stop (2)
@ Enable operation (3) @ Fault reset (7)
FSoE messages

0 /sec Target position

Pasition actual value
4 16

Status word (bit)

@ Ready to switch on (0)
@ Fault (3)

@ Switch on disabled (6)
@ Target reached (10)

@ Following error (13)

@ Switched on (1)
@ Voltage enabled (4) @ Quick stop (3)
@ Warning (7} @ Remote (9)
@ Limit switch reached [11) @ Active (12)

@ Operation enabled (2)

I “Ready to switch on (0)” is now active.

10.3.3 MC_Power Enabled and Drive Enabled

This screenshot acts a guide to understand the expected CiA402 Status and Control word for a
TwinCAT NC axis with a disabled drive (STO = 24V) and MC_Power.Enable = TRUE.

Operation Control word (bit)

Cyclic Sync Position

PDO access
1000 /sec

@ Switch on (0) @ Enable voltage (1)

@ Quick stop (2)
@ Enable operation (3) @ Fault reset (7}

FSoE messages

0 /sec Target position Pasition actual value

16 16

Status word (bit)

@ Ready to switch on (0)
@ Fault (3)

@ Switch on disabled (6)
0 Target reached (10}

@ Following error (13)

@ Switched on (1)
@ Voltage enabled (4) @ Quick stop (5)
@ Warning (7) @ Remote (9)
@ Limit switch reached [11) @ Active (12)

@ Operation enabled (2)

FINER “Switch on (0)”, “Enable operation (3)”, “Switched on (1), “Operation enabled (2),

and “Active (12)” are now active.
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10.4 How to setup axis unit scaling and resolution

Unit scaling in most motion control systems, including a TwinCAT NC axis, requires the user to
specify the number of feedback counts there are for a given distance, where feedback in counts is
converted into Application units such as degrees or mm. Normally this is represented as a numerator
and denominator where:

e The numerator is the number of distance units.
e The denominator is the number of position feedback counts that equals the numerator value.

There are number of different ways to set up the position feedback scaling but the easiest is based
around rotating the motor by 1 revolution and indicating how many feedback counts (as seen by the
drive) there will be per revolution and how many Application units will be moved in 1 revolution.

By default, the number of feedback counts per revolution is set to 65536. If the applications units are
degrees and there is no output gearbox, the unit scaling ratio would be set to a numerator of 360, and
a denominator of 65536. In TwinCAT it looks like this:

- v
WE-|o-a /"" General NC-Encoder Parameter Time Compensation Online

=7 Solution ‘Dual Drive Rig’ (1 project) -

4 ol Dual Drive Rig - Encoder Evaluation:

bl SYSTEM Invert Encoder Counting Direction FALSE ﬂ
4 [ MOTION Scaling Factor Numerator 360.0
4 |8 NC-Task 1 SAF
L.'-*J NC-Task 1 SVB Scaling Factor Denominator (default: 1.0) 65536.0
v Image Position Bias 0.0
= Tables Modulo Factor (e.g. 360.0°) 3600

|8 objects
a4 Tolerance Window for Modulo Start 0.0
4 o Axes
4 B Axis 1 Encoder Mask (maximum encoder value) OxFFFFFFFF
b % Enc Encoder Sub Mask (absolute range maximum value) OxO00FFFFF

If we add a 4:1 reduction gearbox, the number of rotations at the output of the gearbox is reduced by
the gearbox ratio so in this example the scaling numerator is 360 * 1 /4 = 90.

The encoder resolution used by TwinCAT NC axis is set by drives feedback resolution as defined by
Pr3.057 Normalisation Turns, where the number of counts per revolution can be calculated by using
the following formula:

Encoder Counts Per Revolution = 2(32-NormalisationTurns Pr3.057)
In the drive, the resolution in feedback counts is given by 2(32-Pr3.057),

By default, Pr3.057 P1 Normalisation Turns = 16 so the number of feedback counts per revolution is
2(32-16) = §5536.

P1 Nomalised position Pr3.058 or
Position Actual Value 0x6064

COIIT LTI IIIITIITIIITL]

31 16 15 0

-

16 bit Tums Pr3.057 = 16 16bit Position per revolution :

32bit position value

Provided the feedback encoder has a resolution greater than 16bit, the resolution of the axis can be
increased by modifying P1 Normalisation Turns Pr3.057, where a reduction in the number of turns bits
adds more feedback counts per revolution.
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For example, if a 19bit per revolution encoder is used, the number of turns bits is reduced to 13 to
give 19bits of turns information:

P1 Nomalised position Pr3.058 or
Position Actual Value 0x6064

CI I T I T I T I T I T T I T I T I T T T I T IIT1]

31 16 15 0

%/—/Q—V\J.
: 13 bit Tums Pr3.057 =13 19bit Position per revolution
. \/\_J

32bit position value

The following table can be used to help with determining the correct turns bits value to use based on
the encoders number of counts per revolution.

Pr3.057 Turns bits Counts per revolution | Bits per revolution Turns bits as hex
16 65536 16 0x10
15 131072 17 0x0F
14 262144 18 0x0E
13 524288 19 0x0D
12 1048576 20 0x0C
11 2097152 21 0x0B
10 4194304 22 0x0A
9 8388608 23 0x09
8 16777216 24 0x08
7 33554432 25 0x07
6 67108864 26 0x06
5 134217728 27 0x05
4 268435456 28 0x04

VI The total resolution is always 32bit, where the sum of the turn’s bits and bits
per revolution always adds up to 32bits.

The two main ways to setup Pr3.057 are by configuring the value in Connect and saving it, or by
setting Pr3.057 in the startup list in TwinCAT directly, or by exporting the startup list from Connect
once the system / application is fully commissioned.
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10.4.1 How to set the resolution using the startup list in TwWinCAT

The resolution is configured by default in Pr3.057. See the previous table for the number that the
turns bits should be set, (Hex value), to for a particular number of counts per revolution.

For setup in the startup list the following data is needed:

Parameter

Comment

Pr3.057

Index (hex)
2003

Subindex (dec)

57

Turns bits

Use the following steps to configure a startup list entry for a drive parameter directly:
1.

Double click on the drive to modify the startup list for, from the properties select the “Startup”

tab, and then click “new”.

Solution Explorer

Gh& - o-d| =

Search Solution Explorer (Ctrl+;)

] Iin] Update firmware using FoE
4 ] SYSTEM
1 License
b @ Real-Time
B Tasks
=iz Routes
3% Type System
[&] TcCOM Objects
4 [ MOTION
4 @] NC-Task 1 SAF
[E1 NC-Task 1 5VB
*8 Image
[T] Tables
@ Objects
4 T Aves
4 B Axis
b, Enc
b 2] Drive
oy, Ctrl
3 Inputs
b [ Outputs
[ pLC
4 110
4 ¥ Devices
4 === Device 2 (EtherCAT)
*8 Image
*8 Image-Info
b 2 SyncUnits
3 Inputs
b [ Outputs
F [H InfoData

B % Drive 1 (Unidrive M700 )
al=

fa] Solution 'Update firmware using FoE' (1 project)

-

LS8l Update firmware using FoE &

General EtherCAT DC

Process Data Flc

Slots CoE-OnIme AoE-Online  Online  NC: Online NI

Transion  Protocol Index Data Comment
C <PS> CoE (1ADDCO  02001000416010004... download pdo Ox1AQ0 entr...
C PS> CoE Ix1ADTCO  02001000416008006... download pdo Ox1AQ1 entr...
C <PS> CoE (x1AD2CO  02001000416020006... download pdo Ox1AQ2 entr...
C PS> CoE x1AD4CO  02001000416010007.. download pdo Ox1A04 entr...
C <PS> CoE x1AD2CO 0000 download pdo (x1A0S entr...
C PS> CoE 0x1600C0 020010004060 10004... download pdo (x 1600 entr.
C <PS> CoE 1601C0  02001000406008006... download pdo Ox1601 entr.
C PS> CoE 0x1602C0  02001000406020007... download pdo (x1602 entr.
C <PS> CoE 1604C0  02001000406010007... download pdo Ox1604 entr.
IC| <PS> CoE x1605C0O 0000 download pdo (1605 entr.
C <PS> CoE &1C12C0 01000216 download pdo (x1C12index
C PS> CoE 1C13C0  0100021A download pdo 0x1C13 index
IC <PS> CoE x1C14COD 0000 download pdo (x1C14 index
IC| <PS> CoE x1C15C0 0000 download pdo Ox1C15index
A <IP. PS> AoE 173 ASFE 1D E6 03 02 AoE Init Cmd (download N...
IC| <PS> CoE xFO30CDO 0000 download slot cfg
E «<IP.PS> EoE 3F000000020105200... eoeint
M Ps CoE 606000 8
Move Up Move Down
MName Online Type Size >Addr.. In/Out UserlD Linked to
! Status word X 360 UINT 20 no Input 0 nStatel, n5tat
! Position actual v... X 30260 DIMT 4.0 730 Input 0 nDataln1.In.
! WeState X0 BIT 0. 15223 Input 0 nStated, nStat
#! InputToggle X1 BIT 0.1 1524.3 Input 0 nStated, nStat
#1 State 8 UINT 20 15480  Input 0
F1 AdsAddr 160.254.20.230.3.1:.. AMSADDR &0 15500 Input O
169.254.29.230.3.2 AMSNETD &0 15580  Input O

1 AceNetld
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2. When the “Edit CANopen Startup Entry” dialog opens, populate it as shown below and check
the “Complete Access” checkbox to allow the Sub-Index to be configured:

Tranzition 0k
CIl=F Inde [hex): 2003
Cancel
P+5 []s+F Subdndesx [dec):
[ls-0 o5 "W alidate I Complete .-'-"-.ccessl
Data[hexbin; |10 | | HexEdi..
Comment: ITurns bitz I | Edit Eritry...

Index W arne Flags Walue 2
= 1002:0 Error History 0

100307 Sublndex 001 RO C=00000000 (0]

100202 Sublndex 002 RO C=00000000 [0)

100203 Sublndes 003 RO 00000000 (0]

100304 Sublndes 004 RO Ox00000000 (0]

100205 Sublndex 005 RO C=00000000 (0]

100306 Sublndes 006 RO C=00000000 (0]

100207 Sublndes 007 RO C=00000000 (0]

100308 Sublndes 008 RO O=00000000 (0]

100309 Sublndes 009 RO C=00000000 (0]

100204  Sublndex 070 RO C=00000000 (0]
+-10F1:0 Error Settings 2
+- 10320 Sync Manager 2 parameters » 324 o
L4 >
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3. Uncheck the “Complete Access” checkbox and then click “OK”.

Tranzition
CJl+P Index [hex): 2003
Cancel
P+5  []5=P Subdndex [dec) 57
[is-0 [1o+3 alidate ||:| Complete .-'-‘-.cu:essl
Diata [hexbin]: 10 | HexEdi..
Comrment; |Turns bits | Edit Entry...

[mdes M ame Flags Yalue 2
= 10030 Errar Higtary »0<

100201 Sublndex 001 RO (00000000 [0)

100302  Sublndex 002 RO 00000000 [0)

100303 Sublndex 003 RO 00000000 [0)

100204 Sublndex 004 RO (00000000 [0)

100305  Sublndex 005 RO 00000000 [0)

100306 Sublndex D0G RO 00000000 [0)

100207 Sublndex 007 RO (00000000 [0)

100308 Sublndex 008 RO 00000000 [0)

100309 Sublndex 009 RO 00000000 [0)

100204  Sublndex 010 RO 00000000 [0)
+-10F1:0 Errar Settings 24
+- 10320 Sync Manager 2 parameters a2« o
< >

4. The new entry in the Startup list looks like this:
C Ps CoE 02003:35  x10(16) Tums bits

5. Click the Activate Configuration button to apply the startup list. o

6. Click OK on the “Restart TwinCAT System in Run Mode” dialog.

o Restart TwinCAT System in Run Mode

7. After a few seconds the system will reset, and the new setting will be applied in the drive.
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10.4.2 How to scale between NC axis speed and rpm
To convert an NC axis speed in units/s into rpm use the following formula:
Drive speed in rpm = Speed(Units per s) * 60 / Scale Numerator

E.g. The axis is running at 1000°/s with a scaling numerator of 360 per rev. The resulting speed in
rpm observed in Pr3.002 is 1000 * 60 / 360 = 166.6rpm

To convert the speed seen at the drive, in rpm, into NC axis speed in units/s use the following
formula:

NC axis speed = Speed(rpm) * Scale Numerator / 60

E.g. The axis is running at 1000rpm with a scaling numerator of 1234 mm per rev. The resulting
speed in rpm observed in the NC axis ActVelo parameter is 1000 * 1234 / 60 = 20566.6rpm
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10.5 How to upgrade EtherCAT Firmware
There are 2 main ways to update the firmware and they are each used in different situations.

The most common way as described in section 10.5.1 How to upgrade the EtherCAT interface
firmware using Connect shows how to update the firmware using Connect which us used when there
is an existing, working connection to the drive, either by ADS or AoE or serial / ethernet
communications.

The second method is for situations where communications is by EtherCAT and it hasn’t been
possible to establish an ADS or AOE connection. In this scenario it is recommended to use FoE in
TwinCAT to update the firmware. This is described in section 10.5.2 How to use FoE to update the
EtherCAT interface firmware.

10.5.1 How to upgrade the EtherCAT interface firmware using Connect

When setting up an EtherCAT network it is important to make sure the ESI file and firmware match
each other to prevent issues when starting the EtherCAT network. The following steps assume that
there is a working EtherCAT connection already — if a connection can’t be established, use the steps
in section 10.5.2 How to use FoE to update the EtherCAT interface firmware.

1. Before updating using the EtherCAT interface using Connect, in the TwinCAT project,
uncheck the “Check Product Code” and “Check Revision Number” check boxes in the
EtherCAT drive properties, and then activate the configuration . This is so that the changes
to the product code that will happen when the firmware is updated don’t cause ADS / AoE

communications to stop part way through the firmware update.

7 Dual DriveRig = X

WE-o-a|k E General| BtherCAT |DC ProcessData Plc  Slts  Statup CoE-Onine AoE-Onine Onine
Search Solution Explorer (Ctrl+;) P-
Type [Unidrve M700 RFC-S |
Tl Solution 'Dual Drive Rig’ (1 project)
4 5l Dual Drive Rig Product /Revision: | 16974082 / 33619963 ]
b @l sYSTEM mtolncAddr 0|
k=
s MOTION EtherCAT Addr: [] 1001 B I Advanced Settings |
4 [ rc
4 [} Dual Drive Rig
4[] Dual Drive Rig Project
[C3 External Types [=)- General Behavior
b [l References . Behavior
> 30U Timeaut Settings Startup Checking State Machine
[ GuLs \dentification [ Check Vendor Id [ Autto Restore States
4 [z POUs ~ FMMU / SM [ Check Product Code [ Wai for WeStateis Ok
b [ Function Blocks Init Commands []Check Revision Number Relnit after Communication Error
b [ Functions - Mailbox
4 ] MAIN (PRG) Distributed Clack Log Communication Changes
5, E63.Tet ESC Access [] Check Serial Number el Stcte
{15, Mation Check Iderticat
£ Vists [ Creck identrication @op (O SAFEOP in Config Mode
23 Dual Drive Rigtme Process Data OsarEOP OPREOP  OINIT
b (g5 PlcTask (PlcTask) | [ Use RDAWR instead of RW o Data
a VOQD Dual Drive Rig Instance Include WC State Bit(s) Include State
P
4 %, Devices { [] Frame Repeat Support Include Ade Address
4 = Device 2 (EtherCAT) i []Clear Invalid Input Data Include AoE Netld
*® |mage [} [ Create SM/PDO Variables Include Channels
’: Image-Info General Include DC Shift Times
i + ISY”‘tU”‘“ No Autolnc - Use 2. Address [ inciude Object ki
nputs ed Ao
b B Outputs | Autolne only - No Ficed Address
b [ InfoData H Watchdog
b = Drive 1 (Unidrive M700 REC-5) | [ Set Mutplier (Reg. 400h): 2498 =
b = Drive 2 (Unidrive M700 RFC-5)
e (Unidrive ) IE [] Set PDI Watchdag (Reg. 410h): 1000 5 100
4 & Mappings
&% NC-Task 1 SAF - Device 2 (EtherCAT) 1 []Set SM Watchdog (Reg. 420h). 1000 z 100
i) NC-Task 1 SAF - Device 2 (EtherCAT) Info
0K Cancel

2. Install and open the “Connect” PC tool.

3. Establish a connection between the PC being used for Connect and the Control Techniques
drive, this connection can be achieved via Ethernet, EoE, ADS, or serial communications.

wlVIl Ethernet and Serial communications may be used directly with the drive, but any
EtherCAT-based communications require an EtherCAT network Master to be configured
before the drive can be communicated with such as a PLC or IPC.
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See sections 3 and 4 for details on how to establish the connection over an EtherCAT
network using a Beckhoff TwinCAT PLC / IPC, and AoE / ADS communications as described
in section 4 Setup an EtherCAT AoE connection from the PLC to the drive, is the easiest

to work with. The remaining firmware upgrade steps shown using ADS.

4. Highlight the drive to upgrade in the project tree and then click “Online”.

File Home View Tools
= = A e 4
G E R ¥
Add Project Upload Download Online | !
drive~ Overview to project from project il
Project
[Eveilenar 3eeoc6083900000060000533000000000033390000000002 o I %

Connect V3

I @ Unidrive M700 (169.254.29.230.3.1:1001) I
@ Unidrive M700 (169.254.20.230.2.1:1002)

5. From the drive explorer tree double click on “Maintenance” and then “Change Firmware”:

Explorer L L L e [N Dirive Cu::-nfigurati-::un W0.230.2.4
Connect V3

@ Unidrive M700 (169.254.29.230.3.1:1001)

@ Unidrive M700 (169.254.20.230.3.1:1002) TD‘DIS

|@ Unidrive M700 (169.254.29.230.3.1:1001) |

~ E‘B Setup w

Drive Configuration

Change
Motor & Feedback Firmware
Brake
References
Limits Commands

Save Parameters

Auto-Tune

Motor & Load Inertia @

Perfarmance Tuning

Set real-time
Finalise clock
» €% Ethernet
> (& Options

> E2 Solutions User Progra

I 27 Maintenance
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6. The “Firmware Transfer” tool will open. This tool displays the current firmware present in the
drive and any connected option modules.

To perform a firmware upgrade, select the slot that the SI-EtherCAT module is installed in
and click the “Browse...” button to locate the SI-EtherCAT firmware:

X
Firmware Transfer

[¥] Next —> }
Download a firmware file

Current Drive Configuration

Select the target to receive updated firmware

Unidrive M700 User V01.61.00.00

® Slot 3 5I-EtherCAT V2 V02.00.00.05

« Drive is disabled.

Select a file

Enter or browse for the file you want to download

Filename: CiA\Users\jonesc01\OneDrive - Nidec\Documents\5I-EtherCATSI-EtherCAT_V02_00_00_07.img

File Details: | EtherCAT firmware V02.00.00.07

Parameter Restore
Updating firmware may cause the drive parameters to be defaulted.

+| Restore parameter values after firmware update has completed?

Make sure that the drive is disabled and that any application software modules e.g. MCi210
or Sl-Applications Plus have their programs stopped.

Click to continue.

7. Click “Start Download” to begin the transfer of the firmware. Please ensure that the drive
remains powered up and the communications stay intact until the process has completed.

Start
Download

%

8. Power down the PLC/IPC and drives, then re-apply power to re-establish the network.

Il Downgrading the firmware using Connect over ADS may not fully work since the
ESI file used in the PLC / IPC will no longer match the target after the firmware has been
transferred to the EtherCAT module and the EtherCAT master will stop ADS
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10.5.2 How to use FoE to update the EtherCAT interface firmware

In situations where it hasn’t been possible to establish communications to the drive and only
EtherCAT communications are available, instead of using Connect over ADS / AoE, it is possible to
load the firmware directly using TwinCAT provided the EtherCAT interface firmware is greater than
V01.08.00.14.

For firmware older than V01.08.00.14 an alternative connection must be made to the drive using
Control Techniques RS485 adapter, or using Ethernet and an Sl-Ethernet / Factory Fitted Ethernet
option, or a KI-Keypad Plus.

This situation might occur if the EDS files installed in TwinCAT don’t match the firmware in the
module. Before using this method, make sure that the EDS files in TwinCAT match the firmware that
will be loaded in the following steps.

It is assumed that the steps in section 3 Initial TwinCAT project setup have been followed to create
a project before using these steps.

For a brand new project it is strongly recommended to update to EtherCAT interface V2 firmware
and ESl files. Use the following steps to update the firmware:

1. Expand “I/O” in the Solution Explorer and then right click on “Devices” and then select “Scan”:

Solution Explorer ol Wl Lpdate firmware
fal 0. v| o | “!IEI Mumber Devic
Search Solution Explorer (Ctrl+;) 2~

fa] Selution 'Update firmware using FoE' (1 project)
P Ha Update firmware using FoE
4 [ SYSTEM
¥ License
B @ Real-Time
B Tasks
== Routes
!a Type System
TcCOM Objects
MOTION
il PLC

«[E0 ]

+m :
- Devices

@ Mappings

Add Mew ltemn...
Add Existing ltem... Shift+Alt+4
Fename

Add Mew Folder...

Ins

o o

Export EAP Config File

“w,  Scan

Paste Ctrl+V
Paste with Links
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2. Click “OK” to the “HINT: Not all types of devices can be found automatically” pop-up.

HIMT: Mot all types of devices can be found automatically

oK

Cancel

3. After the device search finishes, select the EtherCAT interface and then select “OK”.

Device 2 [EtherCAT]

[Ethernet 2 [TuinCAT -Intel PCl Ethernet Adapter [Gig] 0K

Cancel

Select All

IInzelect Al

4. Select “Yes” when the “Scan for boxes?” pop-up appears:

o Scan for boxes

Yes

Mo

5. Click “OK” to adding “NC — configuration”.

Append linked aziz to:

(®) M - Configuration
(") CMC - Configuration

OE.

Cancel
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6. Click “Yes” on the “Activate Free Run” pop-up.

Tc¥aeshell

o Activate Free Run |

7. Double click the EtherCAT master to open its properties and then select the “Online” tab:

Solution Explorer Ll Update firmware using FoE = > _
" - T, - —I
@E-o-alk E General Adapter BherCAT CoE - Oriine

Search Solution Explorer (Ctrl+;) P -

fa] Solution 'Update firmware using FoE' (1 project) No Addr | Name
4 ] Update firmware using FoE = 1001 Drive 1 {Unidrive M700 RFC-5)
4[] SYSTEM
[ License
b @ Real-Time
& Tasks
== Routes
¥15 Type System
[E8] TcCOM Objects
p MOTION
4 NC-Task 1 SAF
[E1 NC-Task 15VB

[}
j¢ Image Actual State: oP Courtter
[T Tables -
@ Objects it Pre-Op | Safe-Op Op ﬁ:r:e:m;r,
4 T Axes Clear CRC Clear Frames '
= . Lost Fram
b s Tw/Rx B
PLC
¥ 170
4 L Devices
I e I Number Box Name Addres
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8. Right click on the drive to update and then select “Firmware Update...”

General Adapter EtherCAT Online  CoE - Online

Mo Addr  Mame State CRC

Request 'INIT state
Request 'PREOP" state
Request 'SAFEOP' state
Request 'OP" state

Request 'BOOTSTRAP' state

Clear 'ERROR' state
EEPROM Update...

Firmware Update...

Advanced Settings...

Actual State: Cyclic Queued
mt | |peg  Dporthist. 254885  + 14656
Clear CRC Properties... 433 + 13
- | Lost frames 0 = 0

9. The file explorer opens. Set the file type to “All Files (*.*)", then select the firmware file, and
then select “Open”.

ﬂ Open *
<« v P » ThisPC » Documents » SI-EtherCAT v & Search Sl-EtherCAT el
Organize » MNew folder == » [N 9
[ Desktop 2 Narme Status Date modified T
=| Documents ESI_Files_V01_12_00_24 @ 10/02/2025 13:42 Fil
Microsoft Copilot Chat Files Test Versions @ 1470172025 16:10 Fil
Microsoft Teams Chat Files 5 ES|_Files_V01_12_00_24.zip [~] 0/02/2025 13:41 Cc
Motebooks 2] SI-EtherCAT Fw_V01_11_00_02.img @ 10/09/2024 11:13 Di:
=1 Pictures i SI-EtherCAT_Fw_V01_11_00_02.zip (-] 25/11/2024 10:16 Ce
2] SI-EtherCAT V01_08_00_14img @ 06/06/2022 09:58 Di:
Transfer
| 2] SI-EtherCAT VD1_09_00_12.img @ 17/10/2023 16:17 Di:
Whiteboard
tteboaras [2] SI-EtherCAT V01 12 0D 24.imq o 10/02/2025 08:29 Dit
[ This PC [ [5] si-EthercAT v02 00 00 05.img | © 19/05/2025 09:47 Di:
“J 3D Objects i SI-EtherCAT_V02_0D_0D_05.zip (-] 19/05/2025 09:46 Cc
[ Desktop
E Documents ol = =
File name: | SI-EtherCAT V02_00_00_05.img ~ | | Al Files ) v
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10. When the “Edit FOE Name” pop-up appears change “String:” to the correct file path for the

firmware image file which is “/fw/app”, and then select “OK”.

Strirg;
Hesx:

Length:

ot

| hwdapp

Ok,

|2F 6677 2F 61 7070

Pazzword [hes]: | 00000000

11. The file download runs. Wait until it finishes.

G Toolbox

I

Cancel

12. When the download completes the “Function Succeeded!” message appears. Click “OK”.

>

o Function Succeeded!
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13. Delete the drive that has been updated in the Solution Explorer tree.
PLC
4 ]
P ‘ﬂ‘f'g Devices
4 =% Device 2 (EtherCAT)
j: Image
jg Image-Info
2 SyncUnits
Inputs
B Outputs
& InfoData
[V = Drive 1 (Unidrive M700 RFC-5) |
P ﬁ:l Mappings
@ MC-Task 1 5AF - Device 2 (EtherCAT) 1
@ MC-Task 1 5AF - Device 2 (EtherCAT) Info

il B

Click “OK” to the following message:
TcXaeSh >

m
m

‘Drive 1 (Unidrive M700 RFC-5)" and all its contents will be
! removed from ‘Update firmware using FoE'.

14. Right click on the EtherCAT master in the solution explorer tree and then select “Scan”.

o PLC
4 F o
4 T

"M image 0 Add New Item...
*B Image-Info *3  Add Existing Item...
b2 SyncUnits 3 Remove
E - l[}ns:ptzts Fename
[ [ InfoData Change Metld...
a’) Mappings Save Device 2 (EtherCAT) As...
Append EtherCAT Cmd
Append Dynamic Container
Online Reset
Online Reload
Online Delete
N

Ins

Shift+Alt+A

Del
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15. When the “EtherCAT drive(s) added” dialog appears select “Cancel” so that another NC axis
isn’t added to the project.

Append linked azis to; (®) M - Configuration ok

() CMLC - Configuration

16. Link the NC that was created for the drive axis originally, back to the drive EtherCAT comms
by double clicking on the axis e.g. Axis 1 to open it properties and select the “Settings” tab.
Click on “Link To I/0O...”, select the Drive from the list to link to the axis, e.g. Drive 1, and then
select “OK”.

Solution Explorer Update firmware using FoE + X _

ey |t g -
m =5 | ©-d | ’IEI General Parameter Dynamics Online  Functions Coupling Compensation

Search Solution Explorer (Ctrl+;) P~
|Link To 1/0... | | |

fa] Solution 'Update firmware using FoE' (1 project)
4 ] Update firmware using FoE
4 ] SYSTEM
A License
b @ Real-Time

& Tasks B Select |/O Box/Terminal (‘Axis
stz Routes
¥[= Type System Type

[ TcCOM Objects one [none)
4 MOTION |EAN0pen D5402, EtherTAT Cof | Drive 1 [Unidrive M700 ] Unidrive M700

4 [[2] NC-Task 1 SAF
[E1 NC-Task 15VB
8 |mage
] Tables
[E] Objects
4 T Axes
|
b, Enc
b 2] Drive
tay Ctrl <

b [ Outputs
al

Link To PLC... | |

Axis Type: CANopen D5402/Profile MOP 742 (e.g. BtherCAT CoE Drive) ~

M ame Comment

>

PLC Cancel
4 lis} -
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17. Click the “Activate Configuration” button and then click “OK” if the “Activate Configuration”
dialog appears:

oL R YT | -

.oaded] - ;E|H$ |'_ﬁ

Relea

Project: | MotionProject I |
Target: CX-3F43E4 |

] Autostart PLC Boot Project(s)

CK Cancel

Click “OK” on the “Restart TwinCAT in Run Mode” dialog:
TcKaeShe >

o Restart TwinCAT System in Run Mode

oK Cancel

18. If the system is operating properly the status Icon in the bottom right corner of TwinCAT will
show a green box with a rotating cog:

HGI T Toolbox

El

19. Communications will now be running and Connect will be able to search for the drive(s) on
the EtherCAT network using the “Netld:”. If the In Connect Scan the network to find the drive.

Quick Scan

()O‘ 19 >8Q ﬂo\ QQ 0\

Scan Ethemet network Scan all

Scan Ethemet Scan TwinCAT Scan Scan serial
via gateway/EoE networks

network ADS network BluetoothLE RTU network

TwinCAT: AMS Net ID
168.254.29.230.3.1 1]

Scan Results

Select a scan to perform from the options above.
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20. If the EtherCAT firmware has been upgraded from V1 to V2 a save is required to
acknowledge the update. Start a project as described in section 5 Configure the drive using

Connect and once the project is open, select the drive to save and then cli
parameters in drive” to complete the process.

ck “Save

y ~» ¥ o @220

Online Upload Download Connection S5Set mode Default 52t Reset
from drive  to drive settings  and region model

A

Save parameters
in drive

Drive - Unidrive M700 {169.254.29.230.3.1:1001)
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10.6 How to setup a Beckhoff IPC

IPCs from Beckhoff such as the C6025 are not supplied with the TwinCAT runtime or any EtherCAT
port setup. The following steps can be used to turn a Beckhoff IPC into a TwinCAT controller.

1. Apply 24V to the IPC. Follow the user guide for the IPC for the details on the power connector

wiring.

2. Plug a monitor, keyboard and mouse into the IPC.
3. After a short wait the Beckhoff Device manager will be shown:

C BECKHOFF Device Manager

Device

Device

Name

Date Time
Operating System
Image Version
Serial number of IPC

Device Manager Version

Workload

=

Memory

FAN
FAN 1 (rpm)

RAID
Controller Status

[x]
19.02.2025 09:18:49
Windows 10
IN-0410-0612-13-1 2024-20-0004P
000TWZKB
2060

Temperature

1% O I

Max: 100%

37°C

17%

Max: 100%

= R 42°C

Mainboard

Good

4

4. Select Connectivity and then click the spanner icon on the top right of the Device Manager to

configure a static IP address:

r

P BECKHOFF Device Manager

Device

Network Interfaces

Name

Virtual Device Name
IPv4 Address

IPv4 Subnet Mask
DHCP

IPv4 Default Gateway
IPv4 DNS Servers

Name

Virtual Device Name
IPv4 Address

IPv4 Subnet Mask
DHCP

IPv4 Default Gateway
IPv4 DNS Servers

Name

Virtual Device Name
IPv4 Address

IPvd Subnat Mask

Intel{R) Ethernet Connection (14) 1219-LM [00:01:05:a2:0d:ca]
Ethemnet

192.168.1.199

255.255.255.0

Disabled

00.00

00.00

Intel{R) Ethernet Controller 1226-1T [00:01:05:a2:0d:cb]
Ethernet 2

169.254.29.230

25525500

Enabled

0.0.0.0

0.0.0.0

Intel{R) Ethernet Centroller [226-1T #2 [00:01:05:a2:0d:cc]
Ethernet 3
0.0.0.0

nnnn ‘



Choose an ethernet port that will become the Ethernet connection to your PC. There is
normally 1 port that is slower than the others, this is the best port to use for the PC connection
since the high-speed ports should be used for EtherCAT real time communication.

-

E BECKHOFF Device Manager

Network Interfaces

Incorrect changes may corrupt the connectien to a remote

LTI computer!

rCation Changes to inactive network adapters are visible after these are
LLU connected to a network

Intel(R) Ethemet Connection (14) 1219-LM |z|

Virtual Device Name
Hardware

Network Settings @ E
MAC Address 00:01:05:a2:0d:ca
IPv4 Address
IPv4 Subnet Mask
IPv4 Default Gateway
HeP

=
|

IPv4 DNS Servers 0000

Intel(R) Ethemnet Controller [226 1T E

Virtual Device Name Ethernet 2 i

e
Click the tick to apply the settings and then reboot.

vV

L3 BECKHOFF Device Manager

Reboot Machine

Device
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7. Using the command prompt or Powershell, ping the new IP address to make sure it is
operational. When the command prompt is shown type “ping ” followed by the IP address
assigned e.g. “ping 192.168.1.199”. The screen shot below shows a successful ping:

Copyright (C) Microsoft Corporation. All rights reserved.

Try the new cross-platform PowerShell https: ca.ms/pscoree
PS YWWind
Pinging 192.

} time<lims
} time<lms

8. From this point onwards, the Beckhoff Device Manager can be accessed using a web
browser e.g. type in “https://192.168.1.199/config/”.

9. Get the TWinCAT XAR runtime form the Beckhoff website and put it onto a USB stick:

Software and tools |

TwinCAT 3 download | eXtended Automation Runtime (XAR)

Version Build

33 4024.65 & EXE (182 MB) T O ‘

A Lessinformation (]

Put the USB stick with the runtime on it into one of the IPCs USB ports.

10. Using file explorer on the IPC locate the USB stick, copy the files from the USB to the IPCs
documents folder, and then double click on the installer file to start the installation. When the
installation completes the IPC must be rebooted.

11. When the IPC boots up the “TC” LED will now be lit up blue.
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12. Access the IPC file system using File Explorer and navigate to C:/TwinCAT/3.1/System. In
this folder there is a file called “TcRtelnstall.exe”. Double click on this to assign the EtherCAT
network port on the IPC.

&« - 4 > ThisPC » IN-0410-0612-13-1(C:) » TwinCAT » 3.1
Name [
7 CQuick access
Legal ‘
[ Desktop o iy )
|| Default.old ¢
; Downloads d default.tps :
=l Documents B TcAmsRemateMgr.exe
&=/ Pictures %] TeAmsSerial.dil
2] TCATGIina10.dll
3 This PC s e

|2] TCATGInal14.dll
J 3D Objects

2] TCATHooks.dlIl
B Desktop ,gﬂ TCATSysSrv.exe
| Documents [E] TCATUserManU10.dlI
‘ Downloads 2] TCATUserManU14.dll
J’a Music |%] TeComPortCennection.dll
=] Pictures 3 TcRtelnstall.exe
m Videos E TcStgEditor.exe ;
. n TeSysUlLexe
e IN-0410-0612-13-1 | %] wingsettick bat

13. When the installer opens, click on the port to become the EtherCAT network port in the
“Compatible Devices” list and then click “Install”. When the process is completed the newly
installed port will appear in the “Installed and ready to use devices (realtime capable)” list.

Installation of TwinCAT RT-Ethernet Adapters x

Ethemet Adapters

Update List |

EII? Installed and ready to use devices{realime capable]
{50 Ethemet 2 - TwinCAT -Intel PCI Ethemet Adapter [Gigabit) V2 Install
----- ¥ [nstalled and ready to use deviceslfor demo use only|
EII? Compatible devices
e Ethermet 3 - Intel[R) Ethernet Contraller

= |
L AU = L ] B S U e =T R ) P T
----- I? Incompatible devices |

----- L Disabled devices

Dizable

[~ Show Bindings

Close the installer when finished
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14. In the same folder location, C:/TwinCAT/3.1/System, run win8settick.bat as an Administrator,

(right click on the file select “Run as Administrator...”).

I 4 =il

€ 5 v

Share

3+ Quick access
I Desktop
* Downloads

Documents
[&] Pictures

LSS

3 This PC
_J 3D Objects
[ Desktop
Documents
; Downloads
h Music
[&] Pictures
B Videos
o IN-0410-0612-13-11

|_j Metwork

Manage

View

Mame

Legal
[ Default.old
D default.tps

System

Application Tools

S

' TeAmsRemoteMgr.exe

TeAmsSerial dil
TCATGinaU10.dll
TCATGinal14.dll
TCATHooks.dll

aTCATSysSrv.exe

TCATUserManU10.dIl
TCATUserfanU14.dll

TeComPertConnection.dll

] TeRtelnstall.exe
E TeStgEditor.exe
1 TeSysUlexe

wingsettick.bat

» ThisPC » IN-0410-0612-13-1(C:) » TwinCAT » 3.1 » System

Date modified

2/18/2025 4:51 PM

2/19/2025 11:08 AM
2/19/2025 11:08 AM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:25 PM
12/16/2024 1:26 PM
8/4/2004 11:02 PM

12/16/2024 1:26 PM

Open
Edit
Print

®) Run as administrator I

& Share

15. When the batch file completes, reboot the IPC.

L.3¥ BECKHOFF Device Manager

N
16. The IPC can now be used with TwinCAT.

Reboot Machine

EEETISLCYEL L H YY)

Type

File folder

OLD File

TPS File
Application
Application exten...
Application exten...
Application exten...
Application exten...
Application
Application exten...
Application exten...
Application exten...
Application
Application
Application
Windows Batch File
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10.7 How to Remove “???” from LD diagram POU inputs and outputs

LD diagram language can be a nice way to explore the functionality of the NC axis PLCopen function
blocks. Each input and output can be seen side by side, any enumerated values selected, and all
output values may be seen.

However, the default environment behaviour when using the LD language can be cumbersome when
inserting function blocks to a ladder rung. All of the POU Inputs and Outputs have “???” next to them
which must be deleted or overwritten before the program can be compiled which is time consuming.

Power
MC Power
EN B ENO
2272 Haxis Status [ 277
222 —Enable Bugy — 727
222 —(Enable_Positiwve Error — 227
3322 —|Enable_ MNegatiwve ErrorID— 277
222 —0Override
2272 —BufferMode
2922 —0Options

The “???” at the POU’s I/O is optional. The following steps show how to turn this off:

o Goto “Tools” >” Options”
e Go to “TwinCAT” > “PLC Environment” > “FB LD and IL editor”.
o Check the “Empty operands for function block pins”

Search Options (Ctrl+E) P General FED LD IL Print
I Environment ~ View Behavior
I: Projects and Solutions [ Show network title Placeholder for new operands
I- Source Control [] Show network comment Eth'.' operands for function block ping
I Work ltems Show box icon
I Text Editor [] Show operand comment
I Debugging [] Show symbol comment
I MuGet Package Manager ] Show symbol address
Iatmg Show network separators
b_Measurement Font (click onto the sample to edit) [] Fixed size for operand fields:
IA PLC Envimnmentl
TEC editor Edit operand sizes...
Declaration Editor AaBbCeXxYyZz
Libraries
OnlineView
PLCOpenXML o
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After making this change, when new POUs are inserted to a rung, only the first output has “??7?”
which is much easier to delete:

Power
MC Power
EN - ENO
Zxisl —SHixis Status[
—|Enable Busay
—Enable Positiwve Error
—Enable Negatiwve ErrorID

Override
BufferMode
Options

— #2272 |
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10.8 How to use a startup list in TwinCAT

The startup list for an EtherCAT device is a helpful way to configure CiA402 CAN objects and drive
parameters (addressed as CAN objects) when an EtherCAT node starts. There are a couple of
standard ways in which this feature is used:

1. To apply the parameters used to setup a drive axis from scratch. This will restore the original
drive configuration in case the drive parameters have been altered. It can also be used to
automatically configure a brand new drive (assuming the drive and EtherCAT option firmware
match) in the event that a drive is replaced.

2. To configure CiA402 CAN objects that define how the system operates such as the behaviour
of the drive when comms are lost via object 0x3005.

The following sections detail how to use TwinCAT in these scenarios.
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10.8.1 How to import a startup list .xml file from Connect into TwinCAT

A startup list .xml file can be generated by Control Techniques Connect after the axis has been
commissioned. A startup list generated by Control Techniques Connect software holds all of the
changes made to the drive in a format that TwinCAT can import, so that every time the drive is
powered up, its settings are restored. This can be helpful if a drive has to be replaced, since the
previous setup is restored including things like motor map, encoder type, tuning values etc.

This startup list should be generated after the speed and position loops have been tuned so that all of
the setup is retained.

The following steps show how to import the file into TwinCAT:

1. An EtherCAT startup list may be generated to preserve the configuration in the TwinCAT
PLC/IPC. The startup list is in the form of an startup list .xml file that may be imported into
TwinCAT. The export start-up list button can be found on the “Finalize” step in the guided
setup.

Export as Startup List

Export the configuration to a startup list for use in TwinCAT & CODESYS

=

Export Startup
List

2

T « Connect Cobalt > ADS TwinCAT > devices » Unnamed > Startuplists v O earch StartupList 2

Organize New folder == * o
Microsoft Copilot Chat Files Name Status Date modified Type Siz
Microsoft Teams Chat Files ©
Notebooks

= Pictures
Transfer

Whiteboards

= This PC
# 3D Objects
I Desktop

:| Documents

File name: | Startuplistxml

Save as type: Drive EtherCAT Startup ( *.xml) v

~ Hide Folders Save Cancel

StartupList.xml is stored in the following location:
C:\Users\[USER NAME]\Documents\Control Techniques\Connect Cobalt\[PROJECT
NAME]\devices\[DEVICE NAME]\StartupLists.

Open the TwinCAT project.

2. Make sure config mode is selected as indicated by the blue config button being highlighted.
Click the blue Config button if it is not highlighted.

L]
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Double click on the drive node in the Solution explorer pane, that the startup list .xml file will
be applied to. This opens the properties for the drive node.

Solution Explorer
@E-o-a| s
Search Solution Bxplorer (Ctrl+;)
] Solution 'Dual Drive Rig' (1 project)

4 “i Dual Drive Rig
b @l SYSTEM

=] Dual Drive Rig Project
b CF Dual Drive Rig Instance
4 [Fo
4 *% Devices
4 == Device 2 (EtherCAT)
jE Image
jg Image-Info
2 SyncUnits

B Outputs

12
4 Inputs
3
b @ InfoData

ARl [Dual Drive Rig +#

MC_CT_Positiondxis

MAIN.Mation MAIN

Slots

| e o

General FtherCAT DC Process Data  Plc
e
Name |Dnve 1 (Unidrive M700 RFC-5)
Object id: | 2<03020001
Type: | Unicrive M700 RFC-5
Comment:

I b = Drive 1 (Unidrive M700 RFC-5) ]

PO

I = Drive 2 (Unidrive M700 RFC-5)

[[] Disabled

Create symbols

Statup  CoE-Online  AcE - Online  Online

Select the Startup tab. Right click anywhere on the startup tab, and select “Import XML

Description...”

Genersl BherCAT DC  ProcessData Plc  Sits CoE -Online  AoE -Online  Oriine
Transtion  Protocol Index Data Comment
C PS> CoE G<1ADDCO 02001000416010004... download pdo (x1AQ0 entr...
C PS> CoE G1ADICO 02001000416008006... download pdo (x1AD1 entr...
C PS> CoE G<1AD2CO 03001000416020006... download pdo (x1A02 entr...
C PS> CoE G1AD4CO 02001000416010007... download pdo (k1AQ4 entr...
Cl <PS> CoE x1ADSCO 000D download pdo (x1A05 entr...
C PS> CoE G<1600C0 02001000406010004... download pdo (x1600 entr..
C PS> CoE G<1601C0O  02001000406008006... download pdo (x1601 entr..
Cl <PS> CoE 1602C0 03001000406020007... download pdo 01602 entr..
C PS> CoE G<1604C0 02001000406010007... download pdo (x1604 entr..
Cl <PS> CoE x1605C0 000D download pdo (k1605 entr.. .
C <S>  CoE 0<1C12C0 01000216 download pdo (x1C12 index Ll i CerleShift -4
C <PS>  CoE &IC13C0 01000214 dowrload pdo (x1C13index Delete Del
Cl <PS> CoE x1C14C0 000D download pdo (x1C14 index Rename
Cl <PS> CoE &1C15C0 0000 download pdo (x1C15 index i
A <P, PS> AcE 1/3 ASFE 1D E6 03 02 AoE Init Cmd (download N... B
C PS> CoE OxFO30CO 000D download slot cfg Export XML Description...
E <IP, PS> EoE 3F000000020105200... eoeinit Import XML Description...
i ps CoF TheRNRN-NN b
& Print... Ctrl+P
Move Up Move Down
! Copy Ctrl+C
MName Online Type Size »Addr.. In/Out UserlD Linl Export List...
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5. Navigate to the location of the startup list generated by Connect. The general form for the
path to the .xml file is “C:\Users\[USER NAME]\OneDrive\Documents\Control
Techniques\Connect Cobalt\[PROJECT NAME]\devices\[DEVICE NAME]\StartupL.ists”

Alternatively the path for the .xml file can be copied by opening the original Connect project,
go to “Setup” > “Finalise” page and then click on “Export Startup List” and then copy the path
from the explorer window.

Export as Startup List

Export the configuration to a startup list for use in TwinCAT & CODESYS

@) save As *
-
Export Startup T “\Documents\Control Techniques\Connect Cobalt\ADS TwinCAT\devices\Unnamed\Startuplists] <] Search Startuplists P
List
Organize v Mew folder EEEER o
~
Microsoft Copilot Chat Files ~  MName Status Date modified Type Sizd
Microsoft Tears Chat Files @ Stortuplistxml ] 18/03/2025 08:46 Microsoft Edge H...
MNotebooks
| Pictures
Transfer
Whiteboards
[ This PC
) 3D Objects
[ Desktop
%] Documents
. v o< >
File name: | StartupListxml -
Save as type: | Drive EtherCAT Startup ( "xml) ~

m ~ Hide Folders Sove Cancel
ZETO SPEET A T-C DUS VOTE0E 33TV PEEO FEEUDATK

Paste the path from Connect into the TwinCAT import . XML window path and click “Open”
when finished.
Jata Plc Slots  Startup CoE-Online  AcE -Online  Online

i@l open x
&« v A <« ADS TwinCAT » devices » Unnamed » Startuplists w O Search Startuplists 2
Organize v New folder =~ W @

~ Name Status Date modified Ty

& StartupListxml (] 18/03/2025 08:46 Mi

s Quick access
[ Desktop

4 Downloads
E] Documents

| Pictures

I I I

Project

% % oW N %%

GlebalAppsProtected
Al
PDR

=

=

SI-EtherCAT
= TwinCAT Beckhoff

v € >

APl R

File name: | StartupListxml v | Startup Commands (*.xml) w
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6. A pop up will ask if the original start up list should be deleted? Select “No” which instead of
deleting the original start up list and replacing it with the one from Connect, it will append /
add to the existing list with the extra setup imported from Connect.

o Delete existing startup commands

Yes Mo Cancel

7. Apply the startup list by clicking the “Activate Configuration” button, and click “OK” or “Yes”
on any following pop-up messages:

H
HY
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10.8.2 How to add a single CAN object to the TwinCAT Startup List & Cyclic
comms loss action

This section describes how to add single CAN objects to the startup list. The object may be ones

specified by the CiA402 standard, custom ones as specified in the SI-EtherCAT manual e.g. 0x3005

Cyclic data loss behaviour, or drive parameters arranged in CAN object format - see section 10.2.2
How to convert parameter numbers to CANopen object references.

Use the following steps to add ESI specified CANopen objects to the startup list in TwinCAT:
1. Open the TwinCAT project.
2. Make sure config mode is selected as indicated by the blue config button being highlighted.

Click the blue Config button if it is not highlighted. Click “OK” on any following po-up
messages.

3. Double click on the drive node in the Solution explorer pane, that the startup list .xml file will
be applied to. This opens the properties for the drive node.

Selution Explorer Dual Drive Rig = X MC_CT_PositionAxis MAIN Moticn MAIN
Gy & - | ©-d | ~ E General  FtherCAT DC Process Data Pl Slots  Statup CoE - Online  AcE-Online  Online
Search Solution Explorer (Ctrl+;)
Name: [Drve 1 (Unidrive M700 RFC-5) | o |
fa] Solution 'Dual Drive Rig' (1 project)
4 4l Dual Drive Rig Object Id |x03020001 |
b @ svsTEM Type: [Unidrve M700 RFC-S |
3 MOTION
4 Comment:
b EE] Dual Drive Rig Project
b UF Dual Drive Rig Instance
4 B o
“ 4!?2 Devices [] Disabled Create symbols
4 == Device 2 (EtherCAT)
* Image
*B Image-Info
b 2 SyncUnits
3 Inputs
b [ Outputs
@ InfoData
| b & Drive 1 (Unidrive M700 RFC-5) |
I B Drive 2 (Unidrive M700 RFC-5)

4. Select the Startup tab. Then click on “New”:

General EtherCAT DC Process Data Plc Slots CnErOnhne AoE -Online  Online  NC:Online  NC: Functions

Transtion  Protocol  Index Data — - - ” ~
Ers CoE 0x201F:05  (x00000007 (1) B
EPs  CoE 00TF06  (x00000001 (1) — =
WPs  GoE 0201707 (x00000001 (1) Oisp - C—
@Ps  CoE DOTF08  x00000001 (1) el Cancel
@Ps  CoE 020109 0x00000001 (1) P23 [OsoP Subindex (dec} D)
@ rs CoE x201F-0E (0x00000001 (1)
Brs  GE BP0 00000007 (1) Os»0  Ouo»s Validste [ Conplte Access
WPs  GoE 0202207 (x00000004 (4)
@rs  CE 0202501 000000001 (1) Bestiztn) | | =R
WPS  CoE 0202504 O7FFFFFFF (2147483)
B rs CoE x2025:05 O 7FFFFFFF (2147483
@Ps  CoE oomso2  oo000002@s || T ‘ ) iy
@PS  GoE 0202707 0x0000C350 (50000)
@rs  CoE 0202708 000007530 (30000) || | Index Name Flags Value @
EPs  CoE 0202907 Ox7TFFFFFFF (2147483| | 5 q0p30 Enor History vhe
B Ps Ed= 0240205 () {0) + 10F1.0 Envor Settings s2¢
B ps CoE 0240206 O«COABIT6S (106273 | 4. 1320 Sync Manager 2 parameters »32¢
@PS  CoE 0240007 Ox01 (1) © 130 Sync Manager 3 paiameters »3c
Brs CoE LLEUE ) 3000 Positian Feedback Encader Configura.. R 0400 () v
30030 Homing Source Object yh<
ol Viave Down + 30040 Additional position loop output scaling 52¢ — T B
+ 30050 Cyclic Data Loss Behaviour »Bc
30080 Out Cyelic Data Configuration 2¢
+ 30070 In Cyclic D ata Configuration s2¢
Mame Online Type 3008 Aclivate velocily mode rediection 2% 040010) ~
# Status word X 560 UINT 3009 Erhanced Loop Contral Rl w00 (0]
1 Position actual v X 0 DINT a0 Window Filer Sizz ;% 0010) v
4 Touch probesta.. X 0 UINT 8 4
1 WeState ¥ 0 RIT
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5. Select the CANopen object index and subindex to edit from the list. In this example Index
3005 subindex 2 is selected.

Tranzition oK.
(1r=F |ndex [hex): 3005
Cancel
P25 [s+P Subdndex [dec} 2
EEEY [10-5 Yalidate [ Complete Access
Data fhexbin). |02 Hes: Ed..
|
I Comment; |E_I,u:|i|: data logz action Edit Entry...
Index M arme Flags Yalue 2
R NE e Sync Manager 3 parameters » 3¢
3000 Puoszition Feedback Encoder Configura...  Bw Q=00 (0]
+- 3000 Haoming Source Object rdg
+- 30040 Additional pogition loop output scaling 2
= 3005:0 Cyclic D ata Lozs Behaviour 8¢ |
00501 Time out R 0000 [10]
A 300502 Cyclic data logs action R 0x02 [2] |
005:03  Ciad02 Cyclic Data Mizzed counter Rf (0000 [0]
3005:04  Re-arm time Ras (000, [10]
00505  Max weighted Internal S event misz...  BWw (0000 [0]
00506 Reserved Ras (0000 [0]
005:07  Max PDO lozs duration Rf (0000 [0]
3005:08  Too many PDO counter Ras (0000 [0] .
< niii - - - . - N
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6. Double click on the subindex to open the “Set Value Dialog”. Enter the value as either a
decimal or hex value. When finished click “OK” in the “Set Value Dialog” and the “Edit
CANopen Startup Entry” dialog.

Transition
Ji+pP Index [hex]: 3005
Cancel
P>s  []52P Sublndes [dec]:
Os-»o Oo-s Validate [ Complete Access
Data [hexbin] [0z | | HexEdt
| Dec: 2 ok |
| Comment: |C_pc|ic data lozz action | Edit Entry.. Kz w02 Cemes
Flaat:
Indes: Mame Flags Walue @
{10330 Sync Manager 3 parameters > 32<
3000 Fosition Feedback Encoder Configura.. R 0=00 [0 Baal il Hex Edit
+- 30020 Homing Source Object >4
+- 3004:0 Additional pogition loop output 2caling >2< Binaty: ‘02 |
= 30050 Cyclic Data Loss Behaviour > B« Bit Size: O1 ®a O16 O O O2
300500 Time out R 0000 (0
£ 300502 Cyclic data loss action R 002 [2] Now Delete Edit
300503 Ciad02 Cyclic Data Missed counter R 00000 (0] = =
300504 Re-arm time R 00004 [10)
300505 bax weighted Internal Sk event mizs...  RWw 00000 (0]
300506 Reserved R 0x0000 (0
300507 Max PDO loss duration R Q0000 (0
00508  Too many PDO counter R Q0000 (0] o
£ >

Data is entered in this tool in hex with the byte pair values entered in reverse
endian format. This means the least significant byte pair is entered first followed by
the other byte pairs with increasing significance. E.g. a 32bit value in conventional

hex format is written as 0x 12 34 56 78, but in reverse endian format it is entered as

Ox 78 56 34 12.

4

7. The new entry is added to the startup list.

General BEtherCAT DC Process Data Ple Slots  Stafup  CoE-Onlne  AcE-Online Online  MC: Online  NC
Transition Protocol Index Data Comment
& Ps CoE Bc201F:06 (e DODO000T (1) Connect Auto-generated: 00.31.006 = 1
Ps CoE M 201F07 (b DODD0DDOT (1) Connect Auto-generated: 00.31.007 =1
B Ps CoE (e 201F:08 (x0DD0000T (1) Connect Auto-generated: 00.371.008 =1
&l PS CoE M 201F.09 O DOD0DDOT (1) Connect Auto-generated: 00.31.005=1
€l PS CoE Ox201F.0E Qe DOOODDDT (1) Connect Auto-generated: 00.31.014 =1
& Ps CoE Oo2020:01 (b DOD0000T (1) Connect Auto-generated: 00.32.001 =1
Ps CoE O 2022:07 (00000004 (4) Connect Auto-generated: 00.34.007 =4
B Ps CoE e 2025:01 [ OOO00007 (1) Connect Auto-generated: 00.37.000 =1
& prs CoE (0 2025:04 (< 7FFFFFFF (2147483647)  Connect Auto-generated: 00.37.004 = 21474836 47
Cl Ps CoE 202505 [ 7FFFFFFF (2147483647)  Connect Asto-generated: 00.37.005 = 2147483647
& Ps CoE 202602 00000042 (66) Connect Auto-generated: 00.38.002 = 0.066
ZPs CoE 202707 (< D000C 350 (50000) Connect Auto-generated: 00.39.007 = 50.000
& PS CoE O 2027:08 (e DOOO7530 (I0000) Connect Auto-generated: 00.39.011 = 3000.0
2 prs CoE 0 2029.07 [ 7FFFFFFF (2147483647)  Connect Auto-generated: 00.41.007 = 2147483647
B Ps CoE 240205 b D0 (D) Connect Auto-generated: 04.2.005=0
& Ps CoE O 2402:06 (eCOABD165 (-1062731419)  Connect Auto-generated: 04.2.006 = 192.168.1.101
Ps CoE O2400:07 e (1) Connect Auto-generated: Reset Option in Slot 4
B Ps CoE (e 3107101 02 (2) Connect Auto-generated: End Startup List
|E€ ps CoE (e 300502 02 (2) Cyclic data loss action |

8. Apply the startup list by clicking the “Activate Configuration” button. Click “OK” on any
following pop-up messages.

=IV
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10.9 How to setup an EtherCAT EoE connection

This section details how to establish an EoE (Ethernet Over EtherCAT) connection after the controller
and axis has been added to the project as shown by section 3 Initial TwinCAT project setup.

1. Double click on the EtherCAT Device under “I/O” > "Devices”, then select the EtherCAT tab,
and then “Advanced Settings...”

4 Fvo
| ﬂ% [evireo
4 = Device 3 (EtherCAT)
"M mage

": Image-Info
b2 SyncUnits

VIl For IPCs and PLCs, the “Windows IP Routing” checkbox must be checked to
allow the IPC to act as a router for the EOE messages.
Windows IP Routing

IP Enable Router
Changes require system reboot!

General Adapter EtherCAT  Online  CoE - Online

Netld: 5.44.157.108.4.1 I Advanced Settings... iI

Datarate: 100 MBit/s Export Configuration File...

Sync Unit Assignment...

Topology...
A w
[=)- State Machine EoE Support
Master Settings
.. Slave Settings Virtual Ethemet Switch Windows Netwark
yclic Frames Enable Connect to TCP/IP Stack
ictributed Clocks Max Ports 2 o Windows IP Routing
of Support Max Frames: 120 = IP Enable Router
i Redundancy )
Emergency Max MAC Ids: 100 = Changes require system reboot!
[#- Diagnosis

EtherCAT Mailbox Gateway

Dl

s =]

~m

0K Cancel
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In the registry for the IPC this sets IPEnableRouter to 0x00000001(1)

File Edit View Favorites Help

Computen\HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\ Tepip\Parameters I
storahci || Name Type Data
storfit 8] (Default) REG_SZ (value not set)
stornvme 38| DataBasePath REG_EXPAND SZ  %SystemRoot%\System32\drivers\etc
;ttz'r‘gj:ﬂt 2% DeadGWDetect.. REG_DWORD (00000001 (1)
wtorufs ab] Domain REG_SZ
storvsc 24 DontAddDefault... REG_DWORD 0x00000000 (0)
cvevc 24| EnablelCMPRedi... REG_DWORD 0x00000001 (1)
swenum i’gﬂFon«rardBroadca... REG_DWORD O 00000000 (0)
swprv ab] Hostname REG_SZ BTN-000twzkb
Synth3dVsc REG_S7. mshomenet
SysMain REG_DWORD 0x00000001 (1)|

ComputenHKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\Tcpip\Parameters

Next, click on the drive to connect to, “I/O” > “Devices” > “Device (n)” > “Drive(n)”:

4 Fvo

F ‘ﬂ% Devices
4 ¢ Device 3 (EtherCAT)
*B |mage

*B | mage-Info
2 SyncUnits
Inputs
B Outputs
O |nfolata
= Drive 1 (Unidrive M700 RFC-5)

v v VWV

When the device information opens, select the “EtherCAT” tab and then “Advanced
Settings...”
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3. When the “Advanced Settings” tab opens select “Mailbox” > “EoE”:

..General EoE
(=~ Mailbox
N CoE [Evitual Ethemet Por

FoE Virtual MAC 1d: 0201053003e9
; Eok (") Switch Port
[ Distributed Clock @ IP Por

-- ESC Access
(O DHCP

(®) IP Address 192.168. 2 . 20
Subnet Mask: 255.255.255. 0

Default Gateway: | 192.168. 2 . 10
DNS Server:

DNS Name: Drive_1__Unidri

[] Time Stamp Requested

OK Cancel

Check the “Virtual Ethernet Port” box, then set the “IP Port” and “IP Address” radio buttons.
The “IP Address” is set to the IP address that you would like the drive to have, which must not
clash with the PLC’s EtherCAT port IP address, e.g. 192.168.2.20. The subnet mask is set to
255.255.255.0. the Default gateway is set to the IP Address of the port that connects the drive
to the PLC e.g. 192.168.2.10. Click “OK” when completed.

4. Download the configuration to the PLC by clicking on Activate Configuration Eﬂ/.

5. Click OK on the “Restart TwinCAT System in Run Mode” dialog.

o Restart TwinCAT System in Run Mode

Cancel
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6. Create a persistent route in the PC to allow access to the EtherCAT Slave drive. Open the
command prompt as an administrator by typing in “powershell” in the windows search, then
right click on “Windows PowerShell” in the results and select “Run as administrator”.

All Work  Apps Documents Web More ¥

Best match

> Windows PowerShell
System Run as administrator

Apps Open file location

i Pin to Start
Windows PowerShell ISE

Pin to taskbar
Windows PowerShell (x86)
Windows PowerShell ISE (x86)
Settings

I PowerShell Developer Settings

&= Replace Command Prompt with
Windows PowerShell in the Win + X

Search work and web
/O PowerShell - Task automation software
£ powershell 7

L powershell admin

L Powershell
7. Add the persistent route using the “route” command:
E Administrator: Windows PowerShe

In this example:

a. ‘“route -p add” gives a permanent route that will persist even when the power is cycled
on the PC.

b. “192.168.2.0” allows routing to any IP address in the range of 192.168.2.1 to
192.168.2.255. This is the PLC EtherCAT port address range.

c. Subnet mask is “255.255.255.0”

d. The gateway is set to the IP address of the Ethernet port on the PLC, used to connect
to the PC, in this example the IP address of the PLC's Ethernet port is 192.168.1.10.

e. The complete route add command is shown below so it may be copied and pasted:

route -p add 192.168.2.0 mask 255.255.255.0 192.168.1.10
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8. Use Route print to check the route is now listed:
> |

Wind
yright (

ry the new cre

lindow

9. Test the route to the drive using ping, e.g. ping 192.168.2.20:

ni m pi 168

10. PC tools such as Connect may now be used with the drive using the EoE IP Address e.g.
192.168.2.20.
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10.10 How and when to tune the Position Loop
The axis position loop in the drive is activated once the NC axis is powered on, where:

The drive is enabled by applying 24V to the STO terminal.
The drive is healthy i.e. no trips.

MC_Power has been used, successfully, to power on the axis.
If a keypad is fitted, the display indicates “Run”.

If Connect is online, the status in the bottom left shows “Run”.

The position loop should be tuned when the application software is written, and the machine is
running with the worst-case production motion profile, i.e. the most dynamic motion profile coupled
with the highest load that will be experienced by the system while running.

In many cases the default position loop p gain of 25.00 will give reasonable performance, but in cases
where there are tight tolerances, the position loop performance can be increased to suit the
requirement.

Before attempting to tune the position loop the speed loop must be tuned first as described in section
6 Commission the drive and motor using Connect.

With the machine running its worst-case motion profile, open Connect and go to the Performance
Tuning step

Q|- @O

kA

Motor &._CEC Performance Finalise
Inertia Tuning

Don’t enable the test move control. The test moves status must say “No Control” to leave the
application software in control of the drive and therefore the drive position loop active, ready for
tuning.

Test Moves

Take Drive Control {. )

1< |« B >l n

F1 F2 F3 F4 F5

_ No Control
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Move the position loop p gain slider to optimise the tuning and observe the red AMC Position Loop
Error trace. Move the slider to the right to increase the position loop gain and increase the response.

The smaller the peak values the better the tuning is.
Q

Performance
Tuning

Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes

Oscilloscope Channels (Analog) | Channels (Digital)
Stort | Time/ Divls) [ 1102002 Speed Fecdback v/ [ M03.001 Final Spezd Reference vl [ Mo2.020 Percentage Load v [ 05005 D.c. Bus Voltage vie [R—
1 S Stacki
B 1102003 Specd Error v B 132008 AMIC Position Error vl v Click to select a parameter v Click to select a parameter v ecne
600
500 . . t ; s . GN
i I Il | | |/ I i I | I/ Test Moves
B J [ J [ /
E @ “/ )/ “:’ | | ‘I‘I‘ | “‘{-/ / [ | Toke Drive Control (@
5 w0l o [ .‘/"‘ f f/“ f j,‘l / | “/ f /!“
N f [ / [ / [ | | / | [ I 4 LR -
5 i | ;,9 j | / | f j | [ | il F2 ] F4 Fs
LN B J J J / , / /
= 3 i / f f { | f [ f f /
H / / f f
.g_ 200 % -200 ! / f | / !
w 2 \ \ \ \ \ Brofile Settings | Tuning | Application | Motor Neise
5 & | \
£ 0] 4004 \ \ \ K\ \ \ \ | \ \| | SpeedLoop
| \A 1 \ \ ® Bandwidth Manual
‘ \ \ \ \ \ \ \ \ \ \ \
| \ \ \ \ \ \ \ \ \ \ \ omoems o
00
OHz 100 Hz 200Hz v
s | . Speed loop P gain 00141 & | strad
e‘: ’ /‘ /“ A A f1\ \/‘ A‘ A /ﬂ\ \/‘ ”‘ n A / ﬂ\ I /’ Speed loop | gain 79 1frad
£ | ) A L MA M TVARELY. I ™M m o
iE M \ 1 N I | [ \ - 2
u h‘ n | J\ ‘ \ /\‘ ‘/ Y |’V I‘ “‘ / \ ‘N ‘ ‘ V| / AN “N’ \ "‘ | ‘H ’/‘\ | \.“ \ \I N \ ‘ \ M “'l \/ L f |‘\ I\‘ “ [w\ ‘\\J H‘ Motor Inertia 000013 2 kg
18 WV ‘1‘ \|‘| ,ﬂ V M \/ b I“I‘ N‘ '\”/ l H W J‘ M ‘M \(‘ 'V" Ul y‘ ‘ WV \ ‘ V‘ s -y Enabie Inertia compensation? | | Off
] \f !
18 | V ! / | | T .
s Response Response
= -0
] o 100 v
5280 52005 530.05 531.0s 522,05 533,05 53405 53505 53605 5370 AMC Position Cantral Loop Kp Gain | 25000 v v
AMC Posttion Loop Speed Clamp | 300 rpm

If the P Gain needs to be pushed above 100 the range can be increased using the following control:

-Q

Performance

Limits Save Parameters

Motor & Feedback
on Tuning
Oscilloscope Channels (Analog) | Channels (Digital) | Channels (Math) | Settings | Cursors | Triggers | Save/ Export | Notes
St | Time/Divt) [ M03.002 Speed Fecdback v/ [ M03.001 Final Spezd Reference vl [ Mo2.020 Percentage Load v [ 05005 D.c. Bus Voltage Vv [R—
> Stacking
(B 1102003 Speed Eror v 1B 132008 AMC Psition Error v~ Click to select a parameter v Click to select a parameter v
600
600 i ) 7 y I Ls E
| i i | I | / i /
. / Il I i | f | ,a, [} J [ Test Moves
£ o / | | “)" | f / f ),‘ | fj Toke Drive Control (@
Fwlfuwl | / / / [ / / ’ [ [ /
¢ 0 £ a0 ] \ | \J / \f | ] [ | \f 1< < P >l [ ]
8 f | | f f | F F2 ] F4 Fs
LN AN J / J J ) J ] ] J /
= 3 l‘ / f f [ { f | f f /
[} /
Vool ] | [\ A L / /
5 & \
£ a0 400 4 V I\ “‘A K\ \ ! Speed Loop
| 1 \ \ ® Bandwidth () Manual
‘ \ ‘ \ \ \ \ ‘ \
sod 00 : : : : = =
00
OHz 100 Hz 200Hz v
g ol /‘ \ 1 ﬂ 1 | 1 Q Speed loop P gain 00141 © | sfraa
TN \ / /
5 | vi ‘/‘ ‘/ /\,‘ M f \\. \/ ‘ H'“‘"‘ ’/L W’\I I‘\“ \ M ‘,\/‘ M A " “)‘ / A M/ Speed oop | gain 9 | tmd
& W N \ f \ | VA V V. AN A S VAN NN W L RT N [ Motor Inertia 000013 % kgm?
is \m}\\ ! J | ~H I‘ ‘,\/‘“‘ “ \/‘\ i \u“\/“| 1 \r’\ WAL /“ \f \J \ A \
H V 1 |‘| W ./ i T ‘ i ALY I A Yy Wi \ | /‘ H I Enable Inertia compensation? || OFF
IE] Vo |
8 =0 | | V I | ! |‘ Position Loop
8 Nin wax
IEN Response Response
53105 522,05 52305 53405 53505 52605 5370 AMG Pasition Control Loop Kp Gain | 25000
AMC Posttion Loop Speed Clamp | 300 rpm

5280 52005 530.0s

Care must be taken when increasing the gain as it is possible to increase the gain until the system
stability limit is reached and the axis motor will make additional noise or worst case oscillate. Small

steps are recommended when tuning.

If the tuning has reached the best possible position error and axis noise compromise, it is possible to
reduce the error further by adding Jerk to the motion profile if one has not already been used. Even
very high Jerk values can make a big difference to the peak position following error values when

beginning and ending acceleration or deceleration.
When the optimal value has been reached save the parameters in the drive.

A

Save parameters
in drive
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10.11 How and when to use inertia compensation

Inertia compensation, as the name suggests should only be used when there is significant load inertia
and / or large acceleration rates. If the inertia is low or the acceleration rates are also low then this
feature will not benefit the performance of the axis and is best not used.

Inertia compensation engages a Torque Feedforward term in the drive which, assuming the motor
and load inertia has been measured correctly, applies a torque reference to the drive in proportion to
the motion profile acceleration output and the inertia value. This helps reduce speed loop following
error during acceleration and deceleration, at the cost of slightly increased motor noise.

Before using this feature the speed and position loops must be tuned first as described in sections 6
Commission the drive and motor using Connect and 10.10 How and when to tune the Position

Loop.

To use the inertia compensation check the Enable inertia compensation checkbox on the
Performance Tuning step of the guided setup.

Profile Settings | Tuning | Application | Motor Noise

Speed Loop
® Bandwidth Manual
Dampened Stiff
Response Response
0Hz 100 Hz 200 Hz
Speed loop P gain 0.0141 v | 5frad
Speed loop | gain 1.79 | 1/rad
Moter Inertia 000013 5 kgm?

Enable Inertia compensation? v On

Position Loop

Min Max
Response Response
H 100

AMC Position Control Loop Kp Gain | 100.000 $ “

AMC Position Loop Speed Clamp 300 rpm
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If motor noise induced by the inertia compensation term must be reduced, or the amount of inertia
compensation must be increased to further improve the following error, select manual speed loop
tuning to disconnect the inertia value from the speed loop gain setting. Then decrease the inertia
value to reduce motor noise or increase the inertia to increase the output of the inertia compensation.

Before modifying the “Motor Inertia” make a note of the original value so it can be restored later if
required.

Profile Settings | Tuning | Application | Motor Noise

Speed Loop
Bandwidth | @ kanual
Dampened Stiff
Response Response
OHz 100 Hz 200 Hz
speed loop P gain 00141 7 ~| sfrad
Speed loop | gain 179 0w | 1frad
Motor Inertia 000032 5 kgm?
Enable Inertia compensation? |+ On
Position Loop
Min Max
Response Response
0 100 W

AMC Position Control Loop Kp Gain | 100.000 ﬁ hd
AMC Position Loop Speed Clamp 300 rpm

If the Inertia has been modified to tune the output of the Inertia Compensation
feature, and Bandwidth mode tuning is later required, the inertia must be restored to its
original value before selecting bandwidth mode, otherwise the speed loop gains may be
calculated incorrectly.
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10.12 How to set up a dual loop system

This section describes how to configure a dual loop system where the position loop is closed using an
encoder attached directly to the load side of the gearbox as opposed to the motor side.

Speed
Loop Position
Encoder Loop

\' 5 E'n/coder
8y ==

Gearbox

Motor side Load side
of gearbox of gearbox

This type of system compensates for any backlash or torsional effects in the gearbox, resulting in a
greater level of positioning accuracy at the load.

For this example, it is assumed that the motor encoder is connected the drives P1 interface, whilst the
position feedback encoder will be connected to the drives P2 interface. Therefore, we need to
configure the following CANopen over EtherCAT (CoE) objects:

e Index: 0x3000, Sub Index: 0 — Position Feedback Encoder Configuration.
e Index: 0x3004, Sub Index: 1 — Additional Position Loop Output Scaling Numerator.
e Index: 0x3004, Sub Index: 2 — Additional Position Loop Output Scaling Denominator.

The following steps will describe how to cause the configuration of these CoE objects to happen when
the PLC / IPC / Controller is first powered on using the startup list.

1. Follow the relevant steps outlined in section 7 TwinCAT Axis Configuration to configure a
TwinCAT project, an EtherCAT network configured with a single Control Techniques drive.

2. Ensure config mode is selected as indicated by the blue config button being highlighted.
Click the blue Config button if it is not highlighted.
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From the project tree, double click on “Drive1” and select the “Startup” tab followed by the

“New...” button:

Ed.

@& -, General BherCAT DC ProcessData Pe  Sts nE'On\ine AoE-Oniine._ Online
Search Solution Explorer (Cirls:) p-
3] Solution My Project’ (1 project] Tranation | Protocal | Index Edit CANopen Startup Entry x
2 Gl My Project ©PS>  CoE G1ANCO
a CPs>  CoE A1 CO Transition
> @ s
» [ momon e EE CIEED Oi-p Indes (hex) [
“ pLe CPs>  CoE X1A04C0 - Cancs!
2 B yProgeam CFS>  CoE AL CO EPo6  WHsP Subindex (deck 0
€S> CoE ®1600C0
- Myzugm;"'(pmjut —re e Os»o [oes Vaidate [ Complats Access
s
, = R;’“ ypes C<Ps>  CoE 0c1602C 0 Data i | || HesEet
o<l References ©<Ps>  CoE 0:1604C 0
&3 Ut €S> CoE ®:1605C0
3 GVLs ©Ps>  CoE &1C12C0 Cormment: [ | | EditEnty
4 [z pous € PS> CoE oiC13Co
&) MAIN (PRG) €S> CoE 0IC14CO =
£ Motion (PRG) C<s>  CoE 0C15CO Inde Name Flags Value
(3 VisUs B AP.PS> AcE ” =030 EnorHitory >0¢
%5 My Program.tme C<PS>  Cof F030CO 100301 Sublidex 001 RO 0:00000000 (3
b PlcTask (PlcTask) E/<P.PS> EoE 100302 Sublndex 002 RO 0:00000000 (3
) 5 My Progrom Instance Wes  coF G600 100303 Sublndex 003 RO 0:00000000 (1)
p 100304 Sublndex 004 RO 0:00000000 (3
110 :
“ ﬂg Devices MoveUp | [Move Down 100305 Sublndex 005 RO 000000000 (1) Delete.
4 = Device 2 (EtherCA 100308 RO 0:00000000 (3
"E“‘“E (EtherCAT) Name Online 100307 Sublndex 007 RO 0+00000000 (0)
,."“95‘ . # Status word X 752 100308 Subinden 008 RO 000000000 (0)
image-Info
y A ¥ Position actuslv... X 2106 100308 Sublndex 003 RO 0:00000000 (1
+ oynclnits  Westate Y0 100304 Sublndex 010 RO 000000000 (0]
b i Inputs “WFLD EnorSetings »2¢
b W Outputs &1 InputToggle xo ©ICI20 Snc Manager 2 parameters s3¢ .
b lofola # State o R = = =
| > = oive 1 Unidrive M700 RFC-S) II #1 AdsAddr 192.168.1.14.1:
: 1 Amahiaia 10r1Re 1120 ARG R TR A

The “Edit CANopen Startup Entry” dialog will be displayed.

From the list of available mappings, select “3000 Position Feedback Encoder Configuration”,
enter “02” into the Data field and click “OK”.

I The value of 2 corresponds to the drives P2 Interface which is being used as the
position interface in this example. Other interfaces can be selected using the values in

the list below.

Trahzition
[di=p

P-5
s-+o

s =P
o5

Edit CANopen Startup Entry

Index [hes]:
Sub-lndex [dec): 1]

W alidate

3000

[] Complete sccess

Cancel

Data [hexbin):

[

| HexEdt..

Comment; |F'usitiu:un Feedback Encoder Configuration | Edit Ertry...
Indes M ame Flags 4 alue &
+- 10320 Sync Manager 2 parameters » 32«
4+ q[1] Sunc bananer 2 narameter 27
e 3000 Pozition Feedback Encoder Configura... A D00 [10)

SR nla K R[] IO R=T e8| (=R ] [T T
+- 30040 Additional position loop autput scaling y 2
+ 20050 Cyclic Data Lozs Behawviour » e
+- 3006:0 Jut Cyclic Data Configuration P24
+- 30070 In Cyclic Data Configuration » 2
002 Activate velocity mode redirection i OO0 0]
3009 Enhanced Loop Control R 0=00 (0]
300, Wwindow Filter Size Rt D00 [10)
2008 C5P - Enable Estemnal Velocity FF sk OO0 0]
+- 31010 Dnve Startup Carrmard » 15« )
< >
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This list is an extract from Section 6.3.5 Feedback encoder source taken from the Sli-
EtherCAT User Guide.

6.3.5 Feedback encoder source
Table 6-36 Feedback encoder source

0x3000 Position Feedback Encoder Configuration
Access: RW | Range: O to 11 Size: 1 byte | Unit: NfFA
Default: 0 Type: Unsigned Integer / USINT
PDO Mappable: No Update Rate: On change of CiA402 profile
D L This specifies the source for position controller feedback, and the source for CiA402 position
escription: .
feedback objects.

The source will have a value as follows:

0 — The feedback source for the position controller will match the drive motor control feedback
source (see below for details).

1 — Drive feedback source, P1 interface.

2 — Drive feedback source, P2 interface.

3 — Slot 1 position feedback module, P1 interface.

4 — Slot 1 position feedback module, P2 interface.

5 — Slot 2 position feedback module, P1 interface.

6 — Slot 2 position feedback module, P2 interface.

7 — Slot 3 position feedback module, P1 interface.

8 — Slot 3 position feedback module, P2 interface.

11 — Sensorless (the sensorless algorithm estimates position feedback).

This value will be ignored on drives where no encoder input is present.

This object will be read upon a transition from the EtherCAT Pre-operational state to the Safe
operational state.

5. The new entry will now appear in the “Startup Parameters” list.

My Project > [

{ My Project AT DC Process Data Pl Slots  Starup  CoE-Online  AoE-Online  Online

Transition

Cl <PS>

Cl <PS=

Cl <P5>

El <PS>

Cl <P5>

C <PS>

C <PS>

C <PS>

Cl «PS>

Cl <PS>

Cl <PS=

El <PS>

A <P, PS>
£l <P5>

E «IP PS>
£l PS

Protocal Index Data Comment

CoE 1A02C0 020010004160 20006... download pdo Ok1AD02 entries
CoE 1AMCO  02001000416010007... download pdo 01404 entries
CoE Ge1ADSCO 000D download pdo O 1A05 entries
CoE 1600C0O 020010004060 10004... download pdo Ox 1600 entries
CoE 1601C0O 020010004060 08006... download pdo (k1601 entries
CoE 1602C0 030010004060 20007... download pdo (k1602 entries
CoE 1604C0 02001000406010007... download pdo (k1604 entries
CoE Me1605C O 00 00 download pdo (1605 entries
CoE k1C12C0 010002 16 download pdo (e 1C12 index
CoE &1C13C0O 010002 1A download pdo (e 1C13 index
CoE &1C14C0O 000D download pdo (k1014 index
CoE &1C15C0O 0000 download pdo (x1C1 5 index
AoE 143 COAB01 010302 AoE Init Cmd {download Metld)
CoE kFO30CO 000D download slot ofg

EoE JFO00000020105200... eoeint

CoE (e 060:00 8

(e 3000:00 (2 (2) Position Feedback Encoder Configuration
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6. From the “Startup” view, select the “New...” button.

ss Data Pl Slots oE-Online  AoE -Online  Online

Edit CANopen Startup Entry x -
nco
nco Transition
12c0 ClisF Incles [hex: ] m—
:E g P25 [J52P Subindes (dec) O ==
oco Os-o  [o»s Validale [ Complete Acosss
ico
2co Data fhestinl: | | HexEdi.
4co
5C0
2co Comment [ || EditEnty
ico
4co0
o=n Indles Hame Flags Value ~
= 100E0 Enor History sD¢
oco 0T Sublrdess O ROl DLO0000N00 1)
0002 Sublndes 002 RO 000000000 [0)
00 03 Sublrdess O3 ROl DLO0000N00 0} v
0004 Sublndes (04 RO 000000000 [0)
005 Sublrdess (N5 ROl DLO0000N00 0} Delete . Edt..
00206 Sublndes 00 RO 000000000 [0)
0307 Sublndess (017 R0 0400000000 (0]
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7. The “Edit CANopen Startup Entry” dialog will be displayed.
From the list of available mappings, select “3004 Scaling Numerator”.

The value of the numerator is the number motor revolutions at the gearbox input required to
achieve the distance of the denominator which is the number of gearbox output revolutions.

For example, if a motor is coupled to a 5:1 step-down gearbox and no other gearing is used in
the system, the value of 5 should be entered into the numerator “Value” field.

Enter the numerator into the value field and click “OK”.

Edit CAMopen Startup Entry >
Transition
TP Irdes [hes): 3004|
Cancel
Ps5  [s+P Subndes [deck 1
(150 LJ0-5 Walidate (] Complete Access
Data [hesbink |05 000000 | HexEdi..
Comment: |Scaling FHurnerator | Edit Entry...
Index Mame Flags Yalue 2
+ 30020 Homing Source Object »d g
=004 gdditinnal positionoon outout se sl 2
i 3004:01  Sealing Mumerator R Q00000001 1)
R (851 0§ Fage T =) =4 w1 4 T T T 1 1]
+ - 3005:0 Cyclic ['ata Loss Behaviour » A<
+ - 3006:0 Out Cyclic Drata Canfiguration P
+ 30070 In Cyclic Data Configuration P2
3008 Activate velocity mode redirection R D00 [0]
3009 Enhanced Loop Contral R D00 [0]
300, Wiindow Filker Size R Qg0 [0]
3008 C5F - Enable Extemnal Welocity FF R Q00 [0]
+-2101:0 Diivve Startup Command » 18 ¢
EOO7 Abort Connection option code R 1 o
: vl - L - - I -
RIININ The values specified in the “Data (hexbin)” are in the hex format, e.g. hex 14 =
decimal 20 etc.
“‘Data” is entered in reverse endian format where the least significant bytes are entered
first followed by next most significant and so on. This is a quirk of the TwinCAT Start up
list editor.
E.g. conventional format hex value is Ox 12 34 56 78, however in reverse endian format it
is entered as Ox 78 56 34 12.
14

Page 140 of 153



8. From the “Startup” object view, select the “New...” button.

ss Data Pl Slots uE—OnIlna AoE - Online  Online

Edit CANopen Startup Entry X
nco
nco Trarsition
12c0 ClisF Incles [hex: ] m—
;E g P25 [J52P Subindes (dec) O ==
oco Os-o  [o»s Validale [ Complete Acosss
nco
2co Data fhestinl: | | HexEdi.
4co
5C0
2co Comment [ || EditEnty
aco
4C0
e Indest Namg Flags Valug ~
= 10030 Enor History >0¢

oco 100301 Sublndex D01 RO 000000000 (0)

100302 Sublndex 002 RO 000000000 (0)
o0 100303 Sublndex D03 RO 000000000 (0)

100304 Sublndes 004 RO 0400000000 (0)

100305 Sublndex D05 RO 000000000 (0)
—_— 100306 Sublndes 008 RO 0400000000 (0)

100307 Sublndex D07 RO 000000000 [0}

The “Edit CANopen Startup Entry” dialog will be displayed.

From the list of available mappings, select “3004 Scaling Denominator”.

The value of the denominator is the number of revolutions at the gearbox output required to
achieve the distance of the numerator which is the number of gearbox input revolutions.

For example, if a motor is coupled to a 5:1 step-down gearbox and no other gearing is used in
the system, the value of 1 should be entered into the denominator “Value” field.

Enter the numerator into the value field and click “OK”.

Edit CAMopen Startup Entry *
Trangition
Or=p Index [hex): 3004
Cancel
Pa>s  [s+P Subindex [deck 2
Ls-o Lo-s Y alidate [ Complete Access
Data (hesbink |01 0000 00 ||| HexEdt..
Comment: |Scaling Denominator | Edit Entm...
Index M arne Flags Y alug &
+- 10320 Sync Manager 2 parameters » A2
+- 10330 Sync Manager 3 parameters ¥ A2
3000 Position Feedback Encoder Configura...  FW 000 [0
+- 30030 Homing Source Object g
=1 3004:0 Additional position loop output scaling R
i d ] sﬁﬁ lnﬂ N maerabar F!W O 00000001 (11
L 3004:02  Scaling Denominator R Ox00000007 (1)
: o T
+- 30080 Out Cyclic Data Configuration 24
+- 3007:0 In Cypclic Data Configuration » 2
J00a Activate velocity mode redirection Ris D00 (0]
3009 Erhanced Loop Control R 000 [0
2008, Window Filter Size R 000 [0 -
£ >
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10. The Scaling Numerator, Scaling Denominator and Position Feedback Encoder Configuration
mappings will now be present in the “Startup” list which means their values will be written to
the specified CoE objects on startup of the PLC / IPC / Controller. A drive configured in this
way will use the P2 interface for position control for any NC axis associated with this drive.

General EtherCAT DC Process Data  Plc Slots  Stafup  CoE -Online  AoE - Onling  Online
Transition  Protocol Index Data Comment
C <PS> CoE 1ADGCO  0DODD download pdo Ok 1A05 entries
C <PS: CoE O<1600C0O 020010004060 10004... download pdo Ox1600 entries
C <PS: CoE O1601CO  02001000406008006... download pdo (k1601 entries
C <PS: CoE O<1602C0 03001000406020007... download pdo (k1602 entries
C <PS: CoE Oe1604C0O 020010004060 10007... download pdo Ox1604 entries
C <PS> CoE Ox16D5CO  00DOD download pdo Ok 1605 entries
C <PS: CoE x1C12C0 010002 16 download pdo Be1C12 index
C <PS: CoE <1C13C0 010002 1A download pdo Be1C13 index
C <PS> CoE 1C14C0  00DODD download pdo (x1C14 index
C <PS> CoE 1C15C0 000D download pdo (x1C15 index
A <P, P5> AcE 1/3 COAB01010302 AoE Init Cmd (download Netld)
C <PS> CoE xFO3DCO  0DOD download slot cfg
E <P, PS> EoE 3F000000020105200... eoeinit
Cl PS COE [_bc'EID'Eﬂ:DD 3
C Ps CoE Coc 3000:00 D2 (2) Position Feedback Encoder Configuration
C PsS CoE Coc 300401 e DDDDDD05 (5) Scaling Mumerator
C Ps CoE Do 300402 CcDDODDDDOT (1) Scaling Denominator
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11. Make sure that the axis limits take the gearbox ratio into account.

For example, if the gearbox ratio is 5:1 stepdown and the motor rated speed is 3000rpm, the
maximum speed at the position loop encoder is 3000rpm * 1 /5 = 600rpm.

Speed
Loop Position
Encoder Loop

Encoder

5:1

TRE

Gearbox

3000rpm 600rpm

maximum maximum
If the scaling of the position loop encoder is 1000units per revolution, the maximum velocity
is 600rpm*1000units per revolution/60 seconds per minute = 10000units/s.
Get Going TwinCAT + > [JEENIRNIITT] MAIN

General Settings Parameter Dynamics Onlne Functions Coupling Compensation

l_ Parameter Offline Value Online
- Maximum Dynamics:

Reference Velocity 10000.0

Maximum Velocity 10000.0

Maximum Acceleration 100000000000000000000.0

Maximum Deceleration 100000000000000000000.0

Default Dynamics:

Default Acceleration

Default Deceleration 1500.0

Default Jerk 100000000000000000000.0

+ | Manual Motion and Homing:
+ | Fast Axis Stop:

+  Limit Switches:

+ | Monitoring:

+ | Setpoint Generator:

+ | NCI Parameter:

+ | Other Settings:

12. Test to see if the scaling is correct by running at constant speed and make sure that that the
positional following error seen in Pr39.008 using Connect doesn’t have a significant offset in
it, i.e. the positional error should average out at close to 0.
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10.13 How to apply velocity feedforward to an NC axis

This section relates to velocity feedforward with a NC axis being controlled using EtherCAT and
DS402 in CSP (Cyclic Synchronous Position) mode, where the velocity calculated by the NC axis
motion profiler is fed forwards directly to the target axis which improves the granularity of the velocity
profiling, giving the smoothest operation. The velocity feedforward must be PDO mapped to 0x60B1
and enabled by setting 0x300B = 1. The velocity feedforward is calculated from
Axis.NcToPlc.SetVelo. This gives 100x better velocity reference resolution.

The velocity feedforward functionality is only available with >=V02.00.00.16 EtherCAT firmware and
ESI files.

Torque offset (60B2;)
Velocity offset (60B1;)

Target Position (60B0,) |Position Velocity Torque
"| control control control

Fy A [y

Torque actual value (6077,)
Velocity actual value (606C;)
Position actual value (6064;)

<
<
<
<
<
<«

(Control when 0x300B = 1)

For a normal axis using the default setup i.e. no velocity feedforward implemented, the drive
calculates the velocity feedforward term by differentiating the position reference passed into 0x60B0.
This tends to be noisier since the velocity granularity is based on whole position units.

Torque offset (60B2;,)

Calculate

Velocity
.| Position Velocity Torque
Target Position (60B0,) | control control control

ry A ry

Torque actual value (6077,)

Velocity actual value (606C;)
Position actual value (6064;)

<
<
<
<
<«

(Control when 0x300B = 0 (Default))
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Use the following steps to configure the velocity feedforward:

1.

Make sure that the firmware in the EtherCAT interface e.g. SI-EtherCAT is at least

V02.00.00.16. This is the version that supports the feedforward mechanism. In Connect select
“Maintenance” > “Change Firmware”. All firmware versions for the drive and options will be

listed.
Explorer :
Try VFF
@ Unidrive M700 (192.168.1.2)

@ Unidrive M700 (192.168.1.2)
~ m Setup

Drive Configuration
Motor & Feedback
EBrake
References
Limits
Save Parameters
Auto-Tune
Motor & Load Inertia
Performance Tuning
Finalise

> <+ Ethernet

> (3 Options

> E‘,; Solutions

m Simulated Encoder Qutput

é.? Maintenance

2. Put TwinCAT in Config mode by clicking on the

v R ox

Drive Configuration (192.168.1.2)

Maintenance

Tools

K2

Change
Firmware

Firmware Transfer
Download a firmware file

Commands Current Drive Configuration

Select the target to receive updated firmware

Set real-time |
clock

User V01.61.00.00
V02222002
V02.00.00.16

@ Unidrive M700
Ethernet
Slot 3 SI-EtherCAT V2

« Drive is disabled.

Select a file
U ser Prog ri Enteror browse for the file you want to download

Filzname: ChUsers\jonesc0T\Dewnloads\Uni M V01.61.00
File Details: | Unidrive M700 HW V2 Drive Firmware V01.61.00
&
Deploy user
program Parameter Restore

Updating firmware may cause the drive parameters to be defaulted.

+| Restore parameter values after firmware update has completed?

button.

3. Enable the velocity feedforward term by setting 0x300B =1 in the startup list. Double click on
the EtherCAT slave in the “Solution Explorer” tree. Select the “Startup” tab. From the list
select the entry that starts with “300B”. When the PDO link boxes update, set “Data” to “01”.
Click “OK” when finished.

Solution Explorer > 1 x

Wi o-o| k-
Search Solution Explorer (Ctrl+;)

[ TcCOM Objects -
4 [ MOTION
4 [ NC-Task 154F
[E1 NC-Task 1 5VB
B Image
[7] Tables
[ Objects
4 Gy Axes
4 B Axis 1
&, Enc
b =1 Drive
Iy, Ctrl
3 Inputs
b Outputs

-

Get Going TwinCAT
4 g=| Get Going TwinCAT Project
[ External Types
b g References
3 DUTs
[ GVLs
4 [ POUs
4 [F] MAIN (PRG)
B8 Motion
3 visus
25 Get Going TwinCAT:tme
b h PlcTask (PlcTask)
b OF Get Going TwinCAT Instance
l{e]
*L Devices
4 7= Device 2 (EtherCAT)
*B Image

*B Image-Info
4 2 SyncUnits

b 2 <default>
b Inputs
b Outputs
> [@ InfoData

|[> = Drive 1 (Unidrive M700) I

4 57 Mappings

MAIN™ Get Going TwinCAT + X
General EtherCAT DC Process Data  Flc Slots CoE -Orline  AoE -Online  Online  NC: Online  NC: Functions
Transtion  Protocol Index Data Comment
C <PS> CoE 0«1A00C0 02007000416010004... download pdo (ke 1ADD entr
C PS> CoE 1A0TCO  02001000416008006... download pdo (x1AD1 entr
Cl<PS> CoE x1A02C0 0200 1000416020006... download pdo (k1AD2 entr
C PS> CoE 0:1A04C0 02007000416010007... download pdo (k1AD4 entr
iCl <P5> CoE x1ADSCO 0000 download pdo Bx1AD5 entr.
C <PS> CoE 0«1600C0  02007000406010004... download pdo (1600 entr.
C PS> CoE 0«1601C0 0200 1000406008 006... download pdo (k1607 entr...
C <PS> CoE 0«1602C0 02007000406020007... download pdo (1602 entr.
C PS> CoE 0«1604C0  02001000406010007... download pdo (k1604 entr...
C <PS> CoE 0«1605C0  00DD download pdo (k1605 entr.
C PS> CoE &1C12C0 01000216 download pdo (x1C12index
C/<PS> CoE ©ICH o op en Startup E
C <PS> CoE 01C
C/<PS> CoE OICH Transition
Al <IP, PS> AoE 173 -
i} I>P Index [hex]: 3006
C<Ps>  CoE ornl O e Carcel
E <P PS> Eof P8 Subindex [dec] 0
Ls-o Validate [ Complets Access
Wi (W iam| | Dateekin) | | Herkdk.
Comment; |ESP - Enable External velacity FF | Edit Entry...
Mame Online
! Status word X 561 Indes Mame Flags Value ~
F Position actualv... X 2342578 | & 3gp4.0 Ldditional pasition loop output scaling »2¢
& WiState X0 + - 30050 Cyclic Data Loss Behaviour »8¢
- + - 3008:0 Out Cyclic Data Configuration »2<
Error List + 30070 In Cyclic Data Configuration >2¢
Entire Solution - | [ X1 3008 Activate velocity mode redirection R 0x001(0)
S P— 3009 Enhanced Loop Contiol Rw 0x00(0)
J -
escription 004 window Fites Gize Rw B00 (0] i3
¥ A Core Dump created onth | &30 CSF - Enable Estemnal Velacity FF P 001 (1] ]
+-3101:0 Dive Startup Command >18¢
6007 Abort Connection option code Rw 1
E040 Contralword Rw P 00000 (0
6042 vl target velocity Rw' P 1]
+- BD46:0 | velocity min max amount ¥2¢ v
P . . . - =



For a normal NC Axis i.e. not a CNC axis, the user must calculate the velocity feedforward
reference manually. To do this, open the axis in the solution explorer and check the encoder
scaling:

Soluton Explorer -1 x et oing TwincaT > < [

e
m 0. | [CI-] | ’ |E| General NC-Encoder Time Compensation  Online
Search Solution Explorer (Ctrl+;) P~
[EH] TcCOM Objects - | |
4 MOTION - Encoder Evaluation:
Fl L@ MC-Task 1 SAF Invert Encoder Counting Direction FALSE
[E1 NC-Task 1 5VE Scaling Factor Numerator 1000.0
+ W
+ Image Scaling Factor Denominator (default: 1.0) 65536.0
7] Tables ——
@ Objects Position Bias 0.0
4 e fxes Modulo Factor (e.g. 360.0%) 1000.0
4 i Axis 1 Tolerance Window for Modulo Start 0.0
Encoder Mask (maximum encoder valueg) OxFFFFFFFF

For the purposés of "chis' description A numerator of 1000 units per revolution, and a scaling
denominator of 65536 encoder counts per revolution is used.

Add the highlighted code in the following code snippet to the PLC programming area e.g.
“Main”. This reads the velocity from the axis and then converts it to into a velocity feedforward
reference in Encoder Counts per Second suitable for use with the Velocity Offset 0x60B1.
“VelocityFeedForward” is mapped to PLC Q registers using “AT %Q*” so that the PDO can be
linked with the feedforward value.
FROGRAM MATH
VAR

Axisl:A¥I5S REF;

AxislPower: MC_Power;

Axis]lJog:MC_Jog:

EAxislBeget:MC Beset;

| velocityFeedForward AT %Q*: DINT; |

[ ]

21 A e

3 END VAR
-
1 /4 Calculate the welocity feedforward in encoder counts per second
2 VelocityFeedForward := LREAL TO DINT (Axisl.NcToPlc.SetVelo * £€5536 / 1000);

Build the code (Ctrl+Shit+B) after making this change so that “VelocityFeedForward” is
selectable in the PDO linking editor.
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Add a PDO mapping to 0x60B1. Double click on the EtherCAT slave drive, then select the
“Process Data” tab. In the “PDO List” select the row that starts “0x1602”. In the “PDO

Content” window select an empty row and the right click and select “Add New Item...”

Solution Explorer
Q- o-d| m=
Search Solution Explorer (Ctrl+;)

[T TcCOM Objects
4 |28 momon
4 [[B] NC-Task 1 5AF
[Z1 NC-Task 15VB
*B Image
[ Tables
[&] objects
4 T Axes
4 B Avis?
4 #, Enc
3 Inputs
b B Outputs
b =] Drive
lay, Ctil
b Inputs
I [ Outputs

Going TwinCAT
Get Going TwinCAT Project
3 External Types
P -3] References
1 DUTs
[J GVLs
4 [ POUs
b [F] MAIN (PRG)
3 VIsUs
2_': Get Going TwinCAT.tmec
b Eg] PlcTask (PlcTask)
b CF Get Going TwinCAT Instance
4 [F 1o
4 %% Devices
4 == Device 2 (EtherCAT)
'!, Image

*B |mage-Info
4 2 SyncUnits

b 2 <default>
3 Inputs
b [ Outputs
b B InfoData
b F Drive 1 (Unidrive M700)

- I x| MAIN.Motion MAIN® Get Going TwinCAT + X
General EtherCAT DC Frocess Data  Plc Slots  Statup CoE-Online AcE-Online Online  MNC: Online  MNC: Functions
L Sync Manager: PDO List:
-
SM Size Type Flags Index Size Name Flags SM su
o 256 MbxOut Dx1AD4 40 Inputs - Torque status 0
1 256 Mbxin Ox1AD5 0.0 Inputs - Lange mapping set 0
2 [ Outputs Ox1600 40 Outputs - Velocity control 0
3 6 Inputs = 1601 30 Qutputs - Control and mode of op... 0
4 0 Cutputs 1602 60 Cutputs - Position control 2 0
5 0 Inputs Dx1604 40 Qutputs - Torque control 0
< N x1605 0.0 Outputs - Lange Mapping Set 0
PDO Assignment {Ix1C12): PDO Content ((x1602)
[]0x1600 Index Size Offs Mame Type Default frex)
[]0x1601
[] 0 1602 0x6040:00 2.0 00 Control word UINT
[]0x1604 0x607A:00 4.0 20 Target position DINT
(01605
0 Add New ltem... Ctrl+Shift+A
Delete Del
Download Predefined PDO Assignment: (none) -
" dit
PDO Assignment Load PDO info from device
PDO Configuration Print... Ctrl+P
Sync Unit Assignment
Move Up
Move Down
Name Online Type Size =Addr.. In/Out UserlD Linked to
3 Status weord X 561 UINT 20 7.0 Input 0 nStatel, nState2
3! Position actual v... X 234425782 DINT 4.0 730 Input 0 nDataln1. In. Inputs. E...
& WeState X0 BIT 0.1 15223 Input 0 nStated, nStated
Error List

Entire Solution

- ||| @ 0 of 15 Messages | Clear ‘ Build + IntelliSense i

7 Description
! A Core Dump created on the 03/09/2025 09:44:08 is available on the device.

Project

When the “Edit PDO Entry” dialog starts, select “Ox60B1 — Velocity Offset” from the dictionary

and then click “OK”.

X

MHarne; |\-"e|ocity offzet

Index (h/dk | OG0B

| [24753 |

Sublndex | Ox0

o |

Data Type: DINT

32

Pk

Bit Length:

Fram Dictionary:

| oK |

Cancel

0«E087 - Profile velocity
05083 - Profile acceleration
(5084 - Profile deceleration
(6086 - Moation Profile Type
(=E098 - Homing method

- ation
0xE0B1 - WVelocity offzet

U=clEs - Tarque offset
0«B0BS - Touch probe function

AL CAEE kd e

mmmolmeoiio..

0xE095:01 - Speed during search for switch
0wE093:02 - Speed during search for zera

0«E0CO - Interpolation sub mode select
0«B0CT:07 - Interpolation data record[1]

The PDO is now mapped.
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Link the PDO mapping to the calculated velocity feedforward value. Expand the EtherCAT
slave drive, then expand “Outputs — Position control”. Double click on “Velocity Offset” to
open the “Attach Variable Velocity offset (Output)” dialog. Select “VelocityFeedForward” from

the list and click “OK”.
B LE] MAIN (PRG)
3 VIsus
915 Get Going TwinCAT.trc
[ Eg:l PlcTask (PlcTask)
b OF Get Going TwinCAT Instance
4 o]
4 ﬂ% Devices
4 =% Device 2 (EtherCAT)
*B Image
*B Image-Info

[

2 SyncUnits
b2 <default>
[ Inputs
p Bl Qutputs
B [ InfoData
4 7 Drive 1 [Unidrive M?OD]'
3 Inputs - Position status
D Outputs - Position control |
B Control word
» Target position
B [E WcState
I [ InfoData
i ﬁ' Mappings
m ) NC-Task 1 SAF - Device 2 (EtherCAT)
m ) NC-Task 1 SAF - Device 2 (EtherCAT)

LB R Tacle 1 CAC et Maien Tl AT W

v|><

-8

SO pLC

MaIN

. B rDatatut!
----- v rDatalutz
----- B rDataluts
----- v nDataOutd
----- B rlratatuts
----- v nData0uts

Tive
2 Out

----- M rData0utz
----- e rData0ut3
----- B rDatalutd
----- e rData0uts
----- e nData0uts

Get Going TwinCaT
# Get Going TwinCAT Instance

R

OB 256.0, LINTARRZ [4.0]
GB 260.0, LINTARRZ [4.0]
GB 268.0, LINTARRZ [4.0]
LB 2720, LINTARRZ [4.0]
GB 276.0, LINTARRZ [4.0]
GB 280.0, LINTARRZ [4.0]

GB 300.0, LINTARRZ [4.0]
GB 308.0, LINTARRZ [4.0]
GEB 3120, UINTARRZ [4.0]
GB 3160, LINTARRZ [4.0]
GB 320.0, LINTARRZ [4.0]

v|VelocityFeedForward > OB 408744.0, DINT [4.0]]

Show Vanables

Only Unused

[ Exclude dizabled
Exclude other Devices
Exclude same Image
[®] Show Todltips

[ Sart by Address

[ Shaw Variable Groups
[m] Collapse last Level

Show W ariable Tupes
[ Matching Type
Matching Size
141 Types

Aray kode

Offsets

[ Continuous
lgnore Gaps

[] Shaw Dialag

Y ariable Mame / Comment
A [ Hand over

¢ [ Take over

Cancel

The setup is complete. Save the changes by pressing g and activate the configuration by

pressing Ef. Click the login icon _H to load / view the code while it runs. Run the

application (if it is not already running) by pressing the 4 button.

When the system is running the online tool bar looks like this:

= g
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11 Additional information

11.1 Mechanical brake controller logic

11.1.1 RFC-S closed-loop permanent-magnet motor brake controller

This section indicates the logic and timing diagrams for the brake controller in RFC-S mode for
closed-loop permanent-magnet motors to help illustrate the functionality and timing.

Brake controller; RFC-5 mode

~ T
Hold Zero
—
— —p{ Speed
l_]_[_ (06.008)
Drive
Active Bratke Apply BC Brake
Delay (12.048) Releass
BC Enable Position
Contrafler During Brake
Release (12.049)
I
|
BC Brake Relsa.
BC External Brake Sourze (12 055}58 o |
Rateased Indicator ‘lr Motion
(12.054) 0! 1 Confroller Mode
(13.010) =1
Sl i *
— —»
Rafarance Ramp Hold
Gn detection LATCH Rl—l (02.003)
von OR >} Post-brake Relsase
Delay (12.047)
Spead
Faadback
’—@ Modulus —l S o
’ 1 LAt
p Reset —
BC Brake Apply | _T_li*_[_ pse
Speed (12.045)
BC Brake Delay Latch function
12.04
S Reset = 1 THEM Qutput = 0

Reset = 0 AMD Input = 1 THEN
Output latches to 1
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| |
BC Brake Apply
Speed (12.045)

/

Speed Feedback (03.002)

V\T\___ ________
—

Currant Magnifuds (04.001)

Drive Active (10.002)

Reference On (01.011)

BC Brake Release (12.040)

|
*Ramp Hold (02.003)

Hold Zero Speed (06.008)

— ——
BC Post-brake Relaass BC Brake Dalay ~ BC Brake Apply
Dalay (12.04T) (12.046) Dialay (12.048)

*Also Motion Controfler Mode (13.010) =1 if BC Enable
Pasition Controfler During Braking (12.049) = 1

Brake controller sequence: RFC-A made (BC Mode (12.052) = 0) and RFC-5 mode
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11.1.2 RFC-A closed-loop induction motor brake controller

This section indicates the logic and timing diagrams for the brake controller in RFC-A mode for
closed-loop induction motors to help illustrate the functionality and timing.

Percentags
Fiue

Currant

Magnifude

04.001

BC Lower Current
Threshold (12.043)

Drive
Active

€

Rafarance
On

i

\_"

01.011

Speed
Foadback

BC Brake Apply
Speed (12.045)

—-

Flux and current . —I—,_ e
detection »
— — Speed
l_l_[_ (06.008)
EBrake Apply BC Brake
Delay (12.048) Release
LATCH AND .;@
BC Enable Fosition
Contraller During Braks
Raloasa (12.049)
I
|
BC Brake Relea:
BC External Brake Source (12 055}58 a |
Raleased Indicator 3 ‘; Mation
(12.054) l 1 Controller Mode
(13.010) =1
?\Lr I 1 i )
0 —
Ramp Hold
LATCH U (02.003)
D Post-brake Release

Delay (12.047)

Input  — — Qutput
1T LarcH
_T_"I_[_ Reset  —|

BC Brake Delay Latch function
12.04
S Reset = 1 THEM Output = 0

Brake controller: RFC-A mode (BC Mode (12.052) = Q)

Reset = 0 AND Input = 1 THEN

Output latches to 1
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| |
BC Brake Apply
Spesd (12.045)

/

Speed Feadback (03.002)

S
N E S

Current Magnftuda (04.001)

Drive Active (10.002)

Referenca Cn (01.011)

BC Brake Release (12.040)

|
“Ramp Hold (02,003)

|

|
i
‘ Hold Zero Speed (06.008)

— —
BC Post-brake Relsass BC Brake Defay  BC Brake Apply
Dalay (12.047) (12.048) Diglay (12.048)

*Also Motion Confrofler Mode (13.010) =1 f BC Enabla
Pasition Confralier During Braking (12.049) = 1

Brake controller sequence: RFC-A mode (BC Mode (12.052) = 0) and RFC-5 mode
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