Running MIS as NC axis in TwinCAT:

The MIS34x motor support the TwinCAT NC axis. The NC axis enables you to control the motor with
PLC open standard.

NC axis support synchronized axis, with interpolation.

This document describes how to set up the MIS motor to run as NC axis in TwinCAT3 with Visual
studio 2017, on a CX55130 PLC with EL 6751 CanOpen master module.

Other variants of IDE or Hardware may variant in behavior.

This sample will guide you in the following
Setup the motor for CanOpen

Create a new TwincCAT project.

Connect to your PLC hardware.

Scan your Hardware.

Setup the connected motor for NC axis support.

Copy EDS file to TwinCAT folder
Download the EDS file for MIS34 from JVL homepage.

The EDS file is an Electronic Data sheet, that describes the interface between the PLC and the motor.
This enables the PLC to map the right registers in the motor.
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#Open the TwinCAT folder.

#Copy the EDS file to this location. | am using EDS file version 1.10 in this sample

Setup motor

Connect to the MIS34x motor with Mactalk.

Open the CANopen setup page.
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#Choose you node ID and Baud rate. Node id 5 and 500kbits/second is default.
#Make sure Enable DSP 402 support Is checked
Save the settings in the motor.

#Reset the motor

Create new TwinCAT project
Open Visual studio 2017 with TwinCAT3 integration. If twinCAT is not installed on the computer, the
TwinCAT project will not be available.

The rest of this sample is done in Visual Studio.

Click File->New project.
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#In the new project window, select TwinCAT project.
# Select the twinCAT XAE project

Give your project a name and click “ok” button.

Connect to PLC in Config mode
Connect to PLC to scan connected hardware. This will also detect node attached to the Canbus.
Make sure that all other nodes are disconnected, to get the same result as this sample.
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#Select the ADS connection for your PLC.

#Click the Restart TwinCAT in config mode

Microsoft Visual Studio

o Restart TwinCAT System in Config Mode

Cancel

Click OK to allow TwinCAT to restart.

You should be connected to your PLC.

Scan for hardware

Make sure your motor is connected to the Beckhoff CanOpen master module and ready for
communication with the master.
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# Right click 10->Devices in your solution tree.

# Select Scan

This will find all hardware on your PLC. 10’s, busses, etc.

Sometime the Scan function does not find the CanOpen master. In this case just scan the bus where
the master is connected. In my case, the Devicel Ethercat.



Microsoft Visual Studio
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When the master is found, you will be promted to create CanOpen devices automatically. Click

“Yes”. | am using the EL6751 CanOpen Master module.

Select Baudrate

Device: |Device 4 [ELETS1)

Baudrate: | 500 k.

Cancel

Select the baudrate you selected in macktalk, to scan your CanOpen bus with and Click “OK”

If the scan was able to detect the PDO automatically, continue to the next paragraph “Configure PDO
mapping”.

If you get this message below, the PLC did not recognize the motor as the one in the EDS file.

Microsoft Visual Studio >

Mode 5 [Box 5 (JVL A/5)) has no PDOYs), All these boxes will be
disabled

Continue with enabling the node, and load the PDOS manually from file.
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Find the Motor box under your CanOpen master device.
#Right click the motor Box

#Click Disable, to re enable the node

Load the PDOs from EDS file.



[ == Device 3 (EtherCAT Automation Protocol)
b B Device 5 (COM Port)
4 <R Device 4 (ELE751)

Load PDOs from EDS file...

Add Mew ltemn...
‘O  Add Existing ltem... Shift+Alt+A

Ins

Insert Mew Item...
Insert Existing [tem...
X Remove Del

Save Box 5 (VL A/S) As...

[ Copy Cirl+C
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= Independent Project File
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#Right click the motor Box.
#Select Load PDOs from EDS file.

Select the EDS file you copied to the EDS folder earlier.

e mf i

Only the COB-1Ds for TxPDO 14 could be generated automatically, shall
the COB-IDs for the other TxPDO0s be generated automatically?

Yes Mo

TwinCAT will generate COB’ids for unused PDO’s
Click “Yes” for both RX and TX PDO’s.

Unused PDQO’s are removed later in the guide, but allow automatically generated COBid’s for now.

Configure PDO mapping
The PDO is the data send cyclic to and from the node.



We need to send (RX PDO) Controlword and requested position to the motor, and we need to
receive (TX PDO) Status word and actual position from the motor. This is easy to setup when the EDS
file does most of the work.

The scan can generate up to 24 RX PDOs, and 24 TX PDO’s
We only need TXpdol and RXPdo1 and RXpdo4

To limit the communication to what is essential for NC axis, all PDO’s larger than the one used can be
deleted.

Delete TXpdo2 — Txpdo24 and RXpdo5 to RXpdo24

You should end up with something like this
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ﬁ:l Mappings
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We do not need RxPDO2 and RxPDO3, but we cannot delete them without destroying the mapping
of RxPD0O4, but we can remove the mapping Insite them.

Expand RxPDO2 and RxPDO3 by clicking on the white triangle.

Box 5 (VL A/S)

[ Inputs
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Delete the mapped object marked with red squares.

Select them with mouse and use the “Delete” key to remove them.



Create NC axis
The NC axis, is a PLC motion component that represent a virtual axis. You can use a NC axis without
any hardware, and use it to simulate a moving axis.

In this case, we map the virtual axis to a physical motor. The motor will be a slave of the virtual axis.
The NC axis will handle all control and monitoring of the physical motor, when mapped correctly to
the axis.

This way the PLC program does not need any information about what kind of hardware that is
mapped to the axis. All motor behave the same when mapped to a NC axis.

Start by creating a NC task.
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# Right click on the Motion icon,

# select “Add new Item”

Select “NC/PTP NCI configuration” and give the motion configuration a name

Insert Motion Configuration >
Type: | Ok I
Cancel

M arne: |NE-Task1

Add the axis to the new task.
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# Right click “Axes”

# click “Add new item”

Give the axis a name, and click “OK”

Insert MC Axis

M arne; |.-’-=.:-:is1 kultiple: {1

Type: Continuous &xis Cancel

Parameter: | [default]

Caomment:

Set the axis to the right type and with the right units.
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#Double click on axis.
#Select the settings tab
Under axis type, select CanOpen DS402....

#Units: This example are using angle as units. This could also be a linear axis and could use
millimeters instead.

Map PDO data
Mapping is where data is mapped from the virtual axis to the physical motor.

Link position from motor to axis

4 == Device 1 (EtherCAT)
+H Image
+H
1 Image-Info B Attach Variable Position_actual_value (Input) X
P 2 SyncUnits
4 = Inputs Search: |>< Show Yariables
P Outputs Only Unused
b [ InfoData | Exclude disabled
B[ Term 1 (EK1200) Exclude other Devices
I ’Kl-g Device 5 (COM Port) Exclude same Image
4 €in Deviced (ELET51) [®] Show Tooltips
"E Image [ Sort by Address I
[ Inputs inDataln1 > 1B 125.0 UINTARRZ [4.0}; ] Show Variable Groups
4 [ Box 5(VLA/S) - [®] Collapse last Level
b Inputs nDatalnd > 1B 1400, LINTARRZ [4.0] )
W Outputs nDatalnd > 1B 144.0, LINTARRZ [4.0] %Dr: Varate Topes
4 BT RPDO1 rDatalns > 1B 148.0, LINTARRZ [4.0] ElE U
b _ rDatalnG > 1B 152.0, UINTARRZ [4.0] [ Matching Size
e nDelnputTime > 1B 160.0, DINT [4.0] [0 Types
#! Position actual value rDataln? > 1B 164.0, UINTARRZ [4.0] Auray Mods
Statusword e
4 QL RxPDO1 Dsgsr
4 T Outputs rDatalml > 1B 168.0, LINTARRZ [4.0] —°”| '”“”“SG
B ControlWord nDatalnZ > 1B 1720, UINTARRZ [4.0] s g”;_'el S
4 Bl RxPDO2 rDataln3 > 1B 180.0, UINTARRZ [4.0] i BIE
W Outputs rDatalnd > 161840, UINTARRZ [4.0] \izriable Mame / Comment
RPDO 3 nDatalns > 1B 188.0, LINTARRZ [4.0] B e v
4 b rDatalrs > 1B 192.0, LINTARRZ [4.0] (17 ] Take over
Outputs f
L P nDcOutputTime > 1B 200.0, DINT [4.0] w
b Bl RxPDO4 p 5
T 3

LLIMLLESRGIEY Tearn Explorer Property Manager Toolbox  Find Symbol Res...




Link status word from motor to axis
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Link Controlword from axis to motor
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Link position from axis to motor
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SDO is data send at startup to do some pre use configuration, to enable the motor to respond

correctly to the PDO data.

A few parameters in the motor need to be setup:

Hand owver
Take over

Set motor “mode of operation” to 7 : Interpolated position mode. This is the operation mode the NX
axis is using to control the motor. The NC axis expect the motor to be in this operation mode when

its available and ready.
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#Click on Motor Box.
#Select the online tab

If list is empty. Click the Advanced button. And select the EDS file manually. (Window below)
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Change value to 7 and press OK.

Set the synchronous timing with SDO

The motor and the PLC need to be synchronized. The PLC used the timing to transmit Sync messages
to the motor, and the motor uses the timing to calculate when to expect the next sync message. It is
important that the motor and the PLC is set up to use the same timing.

The object 60C2 sub 02 is used to tell the motor what timing is used in the PLC.

Select the object 60C2:02 interpolated_time_ms

UL LY
=l 60CZ:0
60C2:01

BO0FD
+ BOFE:D
BOFF

INLETRIGUON_udld_resor v
irterpolation_time_period RO
irterpolation_data units RO -
irterpalation_time_ms

Digital_inputs ROP
Digital_outputs RO

Taraet velocitv RW P

Click the button “Add to startup”



Edit 500 Entry >

Indes [hex]: OxE0C2
Subindex [dec): Earzal
Length [dec]:

Walue [dec): ( 10 _Ih}-(]:

Set value for the sync time in milliseconds. The default is 10ms. Lower synchronization can be used
for better precision.

Make sure this value is the same set by the CanOpen master

Both custom SDO values can be viewed and edited under the SDO tab

Gened | CAN NuQDC'S)S Diag  Oniine

Obj. idx Sub. idx Length Walue (dec) Value (hex) -

e 14005 1 4 517 (205

e 14005 2 1 255 OxFF

<1401 1 4 773 (305

<l 140715 2 1 255 OxFF

<l 1402 1 4 10259 Ced05

<1402 2 1 255 OxFF

<1403 1 4 1285 (505

g ra T P ) FF
~| 0x6060 0 1 7 07

(Blc2 2 1 10 (et
H"'"———_._,__ -

[ ] Restart Node when no TxPDOs are received for 10s after Start Node

max. 500z in Send Queue: |5 = max. Boot-Up Timeout (s): IE =
max. SO0 Timeout {ms): 2000
Append... Insert. .. Delete.. Edit ...

Sync interval
This is where the CanOPen master timing is configured.

The cycle time is setup automatically to the PLC task that uses the fastest timing. In this case we only
have a NC task, which by default uses 2ms cycle time. We can adjust the Sync time by multiplying the
cycle time.

The default cycle time for JVL motor is 10ms, which need a multiplier of 5.

Set the Canopen master Sync interval. The sync interval should match the object 60C2:02



Solution Explorer
Qo @ p=

Search Selution Explorer (Ctrl+)

#Select the Cia device

Mis3dx

EtherCAT General Diag  Sync Diag  Box States DPRAM (Onling)

e i [Term 2 (EL6751) | [Bearch.- ]

] Solution 'Mis34x' (1 project)

4 “a Mis3dx Identify Device... Hardware Corfiguration...
I ﬂ SYSTEM Master-Node-1D: 127 2 Upload Configuration
3 MOTION . - "

E pLC Baudrate: 500k - Verify Corfiguration
SAFETY Fimwarz
@ e+ Cycle Time (us): [2000 | [18v01.15)
ANALYTICS E
M o Sync-Cycle Muttiplier: 5 5 Fimware Update...
] aé Devices Sync-LCycle-Time {in ps) Advanced Settings...
b * Device ErcAH o —
4 €A Device 2 (ELET51) SneTePDODelyin%) 30 |2
% image Input Shift Time n %): 50 s
4 Inputs
4 [ Box 5 (VL A/S) [] Disable Node-State Modffication
I Inputs
B Outputs
b BT PDO1
I Bl R«PDO1
B Bl RxPDO2

#Click the EL6751 (Beckhoff CanOpen master)
Adjust the multiplier so that Cycle time times multiplier is the Sync interval.

Se sync interval updates on next build.

Set gear factor

The gear factor converts the virtual axis units to a physical unit. In this sample we use angle. Thus

360 units is 1 revolution on the motor.

Set scaling factor in degrees for an example.

Solution Explorer

# Select the encoder for the NC axis

Bl o~ n
m =5 ‘ a | }' IEI General NC-Encoder Parameter Time Compensation Online
Search Selution Explorer (Ctrl+7)
T [offinevae o
fa] Solution 'Mis34x' (1 project) SIS gee
4 “a Mis34x - Encoder Evaluation:
3 .ﬂ SYSTEM Invert Encoder Counting Direction ;I
4 MGTION Scaling Factor Numerator
“ L@ NC-Task 1 SAF Scaling Factor Denominater (default: 1.0)
[E1 NC-Task 1 SVB
8 mage Position Bias 0.0
+
[ Tables Modulo Factor (e.g. 360.0%) 360.0
li‘ Ohbjects Tolerance Window for Modulo Start 0.0
4 S Axes :
= Encoder Mask (maximum encoder value) OxFFFFFFFF
a o
7 Encoder Sub Mask (absolute range maximum value) 0% 000FFFFF
bzl D Reference System 'INCREMENTAL" ﬂ
1oy Ctrl Limit Switches:
4 Inputs Soft Position Limit Minimum Monitoring FALSE ;I
E pLC P W Outputs Minimum Position 0.0
SAFETY Soft Position Limit Maximum Monitoring FALSE j
E Cot Maximum Position 0.0
ANALYTICS Filter
4 Jg} Homing:
4 Devices
b == Device 1 (FtherUAT) Other Settings:

# Enter the calculated unit for the motor. See sample calculation below.

Sample calculation:



Count pr. revolution = 409600
Degrees pr. revolution = 360
Scaling Factor Numerator:

Degrees pr. count = Degrees pr. revolution / Count pr. revolution = 360/409600 = 0,000879

Set motor parameters
Maximum velocity and maximum acceleration should also be entered to get the best performance
from the motor.

R
@ &l ‘ ® - & | "E General Settings  Parameter amics Online  Functions Coupling Compensation
Search Solution Explorer (Ctrl+) P~
R] Solution 'Mis3dx' (1 project) ‘
4 Hj Mis3dx Maxirmum Dynamics:
b | SYSTEM Reference Velocity 18000.0
4 ] Moo Maximum Velocity 18000.0
4l NC-Task 1547 Maximum Acceleration 3000000.0
[B1 NC-Task 1 SVB
0 Image Maximum Deceleration 3000000.0
[ Tebles Default Dynamics:
[ Objects Default Acceleration 1500.0
4 dxes Default Deceleration 1500.0
- Default Jerk 2250.0
b 2l Drive +  Manual Metion and Homing:
g Ctrl +  Fast Axis Stop:
4 Inputs +  Limit Switches:
o pic b W Outputs +  Monitoring:

# Select the motor axis
# select parameters

Maximum Velocity
Enter the calculated values. Sample calculation below.

Sample calculation:

Max rpm = 3000

Seconds pr. minute = 60
Degrees pr. revolution = 360

Degrees pr. second = Max rpm * degrees pr. revolution / Seconds pr. Minute = 3000 * 360/ 60 =
18000

Max acceleration #
Enter the calculated values. Sample calculation below.

Sample calculation:
Max acceleration rpm= 500000
Seconds pr. minute = 60

Degrees pr. revolution = 360



Degrees in seconds?=Max acceleration rpm * degrees pr. revolution / Seconds pr. Minute = 500000 *
360 / 60= 3000000

Following error monitoring

The NC axis monitors the following error. This is how far behind the motor is at any given time. The
motor will always be behind at least the time it takes to move between two sync cycles. With full
speed that is significant.

Its recemented to adjust the following error limit to your suit the application.

TwinCAT call following error “Position lag Value” monitoring.

In this sample it is set to 100degrees.

Solution Explorer
@E- - a| s
Search Solution Explorer (Ctrl+™) R~
3] Solution ‘Mis34x' (1 project)

d “i Mis2dx Maximum Dynamics:
P ﬂ SYSTEM Reference Velocity 18000.0
4 MOTION Maximum Velocity 18000.0
“ NC-Task T SAF Maximum Acceleration 3000000.0
% :_‘Ca-;?k-l V8 Maximum Deceleration 3000000.0
[ Tables Default Dynamics:
Default Acceleration 1500.0
Default Deceleration 1500.0
Default Jerk 22500

+  Manual Motion and Homing:

+  Fast Axis Stop:

ANALYTICS + Limit Switches:
“ J{E?D Menitering:
4 evices X X ——
b == Device 1 (EtherCAT) Position Lag Monitoring TRUL
4 <in Device 2 (EL6751) Maximum Position Lag Value 100.0
% Image Maximum Position Lag Filter Time 0.02
4 Inputs Paosition Range Monitoring TRUE
Box 5 (WL A/S]
4 B BoxS(VLAS) Position Range Window 5.0
4 Inputs
B Outputs Target Position Monitoring TRUE
Bt *PDO1 Target Position Window 20
b Bl RxPDO1 Torget Pasition Manitaring Time 0.02
b Bl RePDO2 In-Target Alarm FALSE
b Bl RxPDO3
b Bl RxPDO4 In-Target Timeout 5.0
4 ﬁg Mappings Motion Monitaring FALSE
@’ NC-Task 1 SAF - Device 2 (EL6751) Maotion Monitoring Window 01
Motion Monitoring Time 0.5

+  Setpoint Generator:
+  NCI Parameter:
+  Other Settings:

Download Upload Expand All Collapse Al Select All

# Select the motor axis
# select parameters

enter the following error limit in the “Maximum position Lag value” field.

Store settings in PLC
To use the new settings in the PLC project, the configuration need to be activated.

This is done with the “Activate configuration” button



Eﬂl Mis3dx - Microsoft Visual Studio

File Edit VWiew  Project Build Debug  TwinCAT  TwinSAFE PLC  Tearn  Scope  Msight Tools  Test  Analyze  Winc
| * = | Release = TwinCAT RT (x64) - P Attach.. -

|[®]%. @& | Mmis3a ~ | CX-S0DSEC -k

# click the Activate configuration

Microsoft Visual Studio >

o Restart TwinCAT System in Run Mode

Allow TwinCAT to restart in Run mode by clicking “OK”

The NC axis is ready to control your JVL motor.



