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Preface

Overview

Thank you for choosing our medium- and large-scale series PLC.

This manual contains the information necessary for using the medium- and large-scale series PLC. Please
read this manual carefully before use to fully understand the functions and performance of the product, and
complete system construction, which helps to give full play to the product's superior performance.

Target Audience

This manual is intended for personnel with professional knowledge of electrical engineering (e.g., qualified
electricians or personnel with equivalent knowledge).

Scope of Application

This manual is applicable to the TM and TP series PLCs.

Online Support

This manual is not delivered with the product. To obtain an electronic version of the PDF file, you can:
Visit our website (www.invt.com), choose Support > Download, enter a keyword, and click Search.

Scan the QR code on the product housing > Enter a keyword and download the manual.

Revision History

Due to product version upgrades or other reasons, this manual is subject to changes from time to time
without prior notice.

Number Revision Description Version Release Date
1 First release. V1.0 September 2024

e Deleted section 1.3.2 PC and TP6000
Communication Configuration; updated
chapter 1 Introduction to the PLC.

e Added TM700 content to sections from 1.1.1
Product Overview to 1.1.3 Product
Configuration and Module Description.

e Added an introduction to TM700 hardware

2 . . V1.1 May 2026

connection to section 1.2.2 Hardware

Connection.

Updated chapter 2 Getting Started.

Updated chapter 3 Basic Functions.

Renamed section 4.1.4 Normal Output to

4.1.4 Normal Input and Output; updated

chapter 4 Hardware Configuration.
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Number

Revision Description

Version

Release Date

Renamed chapter 5 Network Configuration
to chapter 5 Communication Network
Configuration; updated the chapter
accordingly.

Deleted section 6.2.1 1/0 Diagnosis; updated
chapter 6 Diagnosis.

Updated chapter 7 PLC Upgrades and
Settings.

Updated Appendix A Project Examples.
Added support for TP2000 controllers.
Added sections 1.3.1 PC and TM700
Communication Configuration, 2.3.7 Fast
Configuration, 3.9.3 Power-Failure
Retention Mode: INVT, 3.13 Toolbox, 5.3.1.4
Function Codes, 5.3.2.2 Function Codes, 5.5
EtherNet/IP, 6.7 Mismatch between
EtherCAT Upper Computer Configuration
and Physical Connection, 6.9 Version
Compatibility between the Upper Computer
and Lower Computer, 7.2 Device
Connection, 7.8 Log—7.12 Developer Mode,
and A.4 Example of Atomic Operation.
Updated sections 4.1.5 High-speed Pulse
Output, 5.1.2 Modbus TCP Master
Communication Configuration, 5.2.2
Modbus RTU Master Broadcast
Configuration, 5.2.3 Modbus RTU Master
Communication Configuration, 5.3.2.3
Process Data Object (PDO), 5.3.4 Dual
EtherCAT Masters, 7.3 Firmware Upgrade—
7.7 File Transfer.
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1 Introduction to the PLC

1.1 Overview

1.1.1 Product Overview

INVT's medium- and large-scale PLCs currently include two series: TM700 and TP2000, which follow the IEC
61131-3 programming language system and support six standard programming languages: IL, LD, FBD, ST,
SFC, and CFC. Through the EtherCAT bus, they can realize high-level motion control functions such as
electronic cam, electronic gear, synchronous control, and positioning. Owing to rich communication
interfaces and versatile 1/0 modules, they can provide users with flexible and intelligent automation
solutions to meet their diverse application needs.

The TM700 series is a high-performance PLC with a modular structure design. It is mainly used in scenarios
with high motion control requirements and complex control networks. It has greatly improved control
performance, communication capabilities, programming efficiency, etc., allowing you to build a control
network more flexibly and realize data interaction with the information layer through OPC UA more
conveniently, further improving device productivity, shortening development cycles, and bringing a more
excellent experience.

The TP2000 series intelligent high-performance controller is a 128-axis, high-performance production-line
controller based on the x86 hardware platform and fully compliant with the PLCopen specification. It
features flexible networking and powerful performance, enabling complex multi-axis motion control with
ease. A multifunction display further improves usability, while the compact, low-power, fanless design saves
cabinet space. The built-in UPS provides 5MB large-capacity data retention during power failure, and the
built-in high-speed I/0 supports functions such as probe, high-speed compare output, and pulse control. It is
widely used in industries such as printing, packaging, food, lithium battery, 3C electronics, photovoltaics,
woodworking, small and medium-sized production lines, and process control.

1.1.2 Product Specifications

Model TM750 T™M751 |  TM752 | TM753
Rated working voltage DC24V (-15%—+20%)
Memory
Program capacity 20MB
Data capacity 64MB

Data capacity in power

1MB
failure retention mode
Max. ity of
X. capacity of expanded 326
SD card
1/0
Number of local 10 modules 16

4 groups of high-speed counters, supporting single phase, phase A/B,
High-speed input CW/CCW, and pulse+direction, of which phase A/B supports 1x, 2x, and
4x frequencies.
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Model

TM750 TM751 TM752 TM753

High-speed output

8-channel 200kHz sink-type high-speed output, supporting 4-axis pulse
motion control

Support for /O interruption

8-channel high-speed interruption

PWM output 4-channel PWM output
Communication Network and Interface

%2, RJ45, 100Base-TX

Ethernet Support for PLC software download, Modbus TCP, TCP// IP, OPC UA
protocol, and EtherNet IP

EtherCAT x1, RJ45, 100Base-TX, distance between two slaves < 100 m

Serial communication . .

x2, Modbus RTU master/slave, plug-in terminal

(RS485)

USB x1, Type-C, PC communication, program download and debugging

Memory card

x1, Micro SD, for upgrading applications

Communication expansion

CANopen, 4G, Wi-Fi

Motion Control

Maximum number of
controlled axes

4 8 16 32

Motion control functions

Point-to-point motion, interpolation motion (straight line, circular arc,
etc.), electronic gear, electronic cam (flying shear, chasing shear, etc.),

axis group, CNC, etc.

Configuration Programming

Programming language |

IL, ST, FBD, LD, CFC, and SFC

Introduction to the PLC

Model TP2321 TP2321 TP2422 TP2422 TP2422 TP2422
-1016 -1032 -1048 -1064 -1096 -1128
Memory 8GB
Storage 64GB 128GB
Number of
EtherCAT x1 x2
masters
Number of
16 32 48 64 96 128
EtherCAT axes
2xRJ45,10/100/1000Base-TX adaptive
Ethernet i
Configurable as a soft router
RS485 2xRS485, push-in terminal

Local I/O count

1 channel of ABZ differential encoder input, supporting up to 2MHz
8 channels of HSDI single-end input, supporting up to 200kHz

8 channels of HSDO single-ended output, supporting up to 200kHz
1 channel of machine start/stop control input

1 channel of app start/stop control input

Remote I/O .
Up to 128000 points (EtherCAT bus)
count
usSB 2xUSB3.0, Type-A
1xDisplayPort
Display p Y
1x1.8 inch TFT color screen
Key 6x touch key

Operating system

Linux
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TP2321 TP2321 TP2422 TP2422 TP2422 TP2422

Model
-1016 -1032 -1048 -1064 -1096 -1128

Programming
language
Program

execution mode

IEC 61131-3 programming languages (IL, ST, FBD, SFC, CFC, and LD)

Compiled execution

Programmin
& & Invtmatic Studio 3.0.0.6 or later

platform
User program
Prog 256M Byte
storage space
User data storage
256M Byte
space
Power-failure
5M Byte

retention space
Real-time clock | Supported (CR2032 button battery is user provided)
24V DC (-15%-+20%)/1.5A

Protection against reverse connection and surges

Power supply

Entire machine

power <36W
dissipation
Cooling method | Natural cooling
IP rating P20
Operatin
PErating | 1gec_+s5°C
temperature
Operatin
P o & 10%-95% (no condensation)
humidity
Storage
-25°C-+70°C
temperature
Storage humidity | 5%-100% (no condensation)
Atmosphere Free of corrosive gases
Altitude 2000m
Pollution degree | Degree 2 or lower, compliant with IEC 61131-2
ESD immunit
y 4kV CD or 6kV AD
level
Vibration 5-8.5Hz, vibration amplitude of 3.5mm; 8.5-150Hz, acceleration of 10m/s%
resistance X/Y/Z axis, 10 cycles

Net weight: approx. 1.41kg

Product weight )
Gross weight: approx. 1.59kg

1.1.3 Product Configuration and Module Description

The TM700 series's CPU can be directly connected to the Flex series I/0 modules, or expanded to the Flex
series /0 modules through a communication coupler, as shown in Figure 1-1.
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Figure 1-1 System Integration Diagram 1
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The TP2000 series’s CPU cannot be directly connected to the Flex series I/O modules. It can be expanded to
the Flex series 1/0 modules through a communication coupler, as shown in Figure 1-2.

Figure 1-2 System Integration Diagram 2
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1.1.4 System Application Process

Figure 1-3 System Application Process

1 « Install the CPU and required expansion modules. |

3 + Wire and connect the related modules. )
- Turn on the power only after confirm that the wiring of each module )

3 is correct and the power supply voltage meets the specifications. )
« Connect the computer that hosts Invtmatic Studio to the CPU )

4 module. y,
- Download the program created on Invtmatic Studio and related

5 parameters to the CPU module. )
+ Ensure that the Nixie tube of the CPU module does not show any

6 fault code and the fault indicators of all modules do not turn on. )

1.2 Invtmatic Studio Overview

Invtmatic Studio is a programming platform developed by Shenzhen INVT Electric Co., Ltd. It supports the
IEC 61131-3 programming language system and six standard programming languages: IL, LAD, FBD, SFC, ST,
and CFC.

1.2.1 Software Installation and Uninstallation

1.2.1.1 Software Obtaining

INVT's PLC user programming software contains the Invtmatic Studio platform, installation files, and related
reference materials. You can obtain them in the following way:

Visit our website www.invt.com and go to Support > Download > Software to download the software
installation package for free.

1.2.1.2 Software Installation Requirements

You can install the software on a desktop PC or a laptop:
®  Operating system: Windows 7/Windows 8/Windows 10
® CPU clock speed: 2 GHz or higher
e  Memory: 2 GB or higher
e  Available hardware space: 5 GB or higher
e Installation requirements:
<+ Use an administrator account
< Turn off the antivirus software

< Disable the encryption system
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< Do notuse Chinese paths

1.2.1.3 Preparation

e If it is the first time to install Invtmatic Studio, check whether your computer meets the software
installation requirements. If yes, you can install it directly.

e If you want to install the latest version of Invtmatic Studio, check the version information about the
installed software by choosing Help > About. If it is not the latest version, you can upgrade the software
using the online upgrade method.

Figure 1-4 Version Information Display Interface

About X

-

Invtmatic Studio

3.014

Copyright©@Shenzhen INVT Electric Co.,Ltd. All Rights Reserved.

Close

1.2.1.4 Installing the Software

Step 1 Locate the installation file storage path, and double-click Invtmatic Studio Setup 64 Vx.x.x.exe (The
installation procedure is the same for all versions of Invtmatic Studio. Version V1.3.5.1 is used here

as an example).
Step 2 The installation starts. See the following figure.

Figure 1-5 Installation Preparation interface

Imvtmatic Studio ¥1.3.5.1 - InstallShield Wizard

Wizard, which will guide you through the program setup process.
Please wait.

Invtmatic Studio ¥1.3.5. 1 Setup is preparing the InstallShield
=

Extracting: Invtmatic Studio Setup 64 V1.3.5. 1.msi

Cancel
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Step 3 When the dialog box shown in the following figure appears, click Next.

Figure 1-6 Installation Wizard Interface

ﬁ Invtmatic Studio V1.3.5.1 - InstallShield Wizard

Welcome to the InstallShield Wizard for
Invtmatic Studio V1.3.5.1

Please note:

§ 1 Please close the security software before
installation.

§ 2 Please exit the encryption system before
installation.

§ 3 The installation directory does not allow the
use of Chinese paths)|

The Installshield (R} Wizard will install Invtmatic Studio v1.3.5.1
on your computer, To continue, dick Next,

WARNING: This program is protected by copyright law and
international treaties.

Step4 Then the License Agreement dialog box appears. Check | accept the terms of the license

agreement, and then click Next.

Figure 1-7 License Agreement Interface

License Agreement

#2 Invtmatic Studio V1.3.5.1 - InstallShield Wizard

Please read the following license agreement carefully.

License Agreement

for the usage of a Invtmatic Studio Software or
Invtmatic Studio Software Package

General Terms of License (End User License Agreement) for the supplied
Software. Please read this Software User Agreement carefully before using
the supplied Software. Downloading or installation of the Software
constitutes recognition by the customer of the conditions of this Agreement.

InstallShield

Lﬁ.mmmmum:_’ Print

(O 1 do not accept the terms in the license agreement

Qpen Source Licenses

T ]

Step 5 Set the software installation path, and click Next.

#Note: The software installation path cannot be in Chinese.
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Figure 1-8 Installation Path Confirmation

ﬁ Invtmatic Studio ¥1.3.5.1 - InstallShield Wizard

Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folder.

D Install Invtmatic Studio V1.3.5.1 to:

C:\Program Files\Invitmatic Studio),

InstaliShield

<ok [ vms ]| cone

Step 6 The installation component selection interface appears. You can select the Complete or Custom
installation mode. If you have no special requirement, keep the default selection, and click Next.

Figure 1-9 Installation Mode Selection Interface

ﬁ nvtmatic Studio V1.3.5.1 - InstallShield Wizard >
Setup Type
Choose the setup type that best suits your needs,

Flease select a setup type.

(®) Complete

All program features will be installed. (Requires the most disk
space.)

Choose which program features you want installed and where they
will be installed. Recommended for advanced users.

Installshield

<o x> | conce
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Step 7 When the following interface appears, click Install.

Figure 1-10 Installation Preparation Interface

ﬂ Invtmatic Studio V1.3.5.1 - InstallShield Wizard x

Ready to Install the Program
The wizard is ready to begin installation.

Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

InstaliShield

Step 8 Aninstallation progress bar appears. Click Finish when the installation is completed.

Figure 1-11 Installation Progress Interface

‘ﬁ mvtmatic Studio V1.3.5.1 - InstallShield Wizard - 4

Installing Invtmatic Studio V1.3.5.1
The program features you selected are being installed.

Please wait while the InstallShield Wizard installs Invtmatic Studio ¥1.3.5. 1.
This may take several minutes.

Status:
Copying new files

InstallShield
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Figure 1-12 Installation Complete Interface

ﬁ Invtmatic Studio V1.3.5.1 - InstallShield Wizard x

InstallShield Wizard Completed

The InstallShield YWizard has successfully installed Invimatic
Studio W1.3.5.1. Click Finish to exit the wizard.

] show the Windows Installer log

1.2.1.5 Uninstalling the Software

Uninstall Invtmatic Studio by using the standard software uninstallation method of a Windows system. The
procedure is as follows:

Step1 Shutdown Invtmatic Studio running programs, including the backend running program.
Step 2 Enter the control panel, find and right-click Invtmatic Studio, and click Uninstall.

Step 3 Wait until the software is uninstalled.
1.2.2 Hardware Connection

The hardware connection between an upper computer and the TM700 series PLC can be realized by two
methods:

1. Usinga LAN network cable.
2. Usinga Type-C cable.

Figure 1-13 Hardware Connection between an Upper Computer and the TM700 Series PLC

2. Type-C

1. Network cable

A Y O Y A0 R VW O A W R B e ——
(S G AV N (5 ORGSO R R W W W R e
Y o w0 Ee By By Eeecesceseseey 0 U UR B W2 WA

The hardware connection between an upper computer and the TP2000 series PLC can only be realized
through a LAN network cable.

202605 (V1.1) 10



INVT Medium- and Large-Scale PLC Software Manual Introduction to the PLC

Figure 1-14 Hardware Connection between an Upper Computer and the TP2000 Series PLC

Network cable

1.3 PC Communication Configuration

1.3.1 PC and TM700 Communication Configuration

m  Using a LAN network cable

If the hardware is connected with a LAN network cable, ensure that the IP address of the PC and the IP
address of the controller are in the same network segment. The factory default IP address of the TM700
series is as follows: Ethernetl: 192.168.1.10; Ethernet2: 192.168.2.10, both having program debugging
and downloading functions. Connect the network cable to Ethernetl/Ethernet2. The IP address of the

PC should be set to 192.168.1.xxx/192.168.2.xxx (xxx means any integer value in the range of 1 — 254
except 10).

Figure 1-15 PC and TM700 Communication Configuration Using a LAN Network Cable

Organize « Disable this network device Diagnose this connection Rename this connection Change settings of this connectio
L—'. Bluetooth Network Connection L—'. Ethernet L—'. Ethernet 2
— Mot connected === Network cable unplugged "o _ Unidentified network
® Bluetooth Device (Personal Area... 3§ @2 Intel(R) Ethernet Connection (13) ... @ USE Ethernet/RNDIS Gadget
O Eihernet Pronertes ® mT. | Fthemetlll
T Internet Protocol Version 4 (TCP/IPvd] Properties x
Networking  Sharing
General
Connect using
You can get IP settings assigned automatically if your network supports
? Intel(R) Ethemet Connection (13) 1219-V this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.
Configure The IF address must be in the same subnet as the controller
g IF’ng ress and m stnntcnnflil_:‘t'imh it
This connection uses the following teme Obtain an IP address automatically
3 Client for Microsoft Networks ~ (® Use the following IP address:
“File and Printer Sharing for Microsoft Networks 1P address: 192,168 . 1 . 40
?\ﬂrtualﬁnx NDISE Bridged Networking Driver - - ‘
I3 Npoap Packet Diver (NPCAF) Subnet mask: [265 255255 . ol |
_g_Intemet Protocol Version 4 (TCP/IPv4)
LI s Microsoft Network Adapter Muliplexor Protacal e Obtain DNS server address automatically
< b3
(@) Use the following DNS server addresses:
Install... Uninstall Properties

rnal server:
Transmission Control Protocol/Intemet Protocol. The default

wide area network protocol that provides communication
across diverse interconnected networks

[ validate settings upon exit Advanced...

oK Cancel Cancel
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m  Using a Type-C cable

e Install the USB driver

When the PC runs Windows 10, install the USB driver as follows:

Step 1 Right-click the upper computer software.
Step 2 Select Open file location.

Step 3 Locate Drivers > RNDIS_Windows_Driver.cab.

This PC » Local Disk (C:) » INVT » Invtmatic Studio V3.0.1.4 > CODESYS » Common > Drivers

A~

N

Name Date

BB RNDIS Windows Driver.cab
B]USB  .pdf

2025/5/21 10:07
2025/5/21 10:07

Step4 Right-click the file "RNDIS_Windows_Driver.cab" and

|| RNDIS_Windows_Driver.cab 73579024 1001 AMA Cahinet File
Open
Open in new window
B Share with Skype
> Open archive

Pin to Start Open archive
¥ Share Extract files...
Extract Here

3 Scan with OfficeScan

Type Size
WinRAR archive 22 KB
WPS PDF File 192 KB
unzip it.
22 KB
>

Open with...

Extract to "RNDIS_Windows_Driver\” I

— = Test archive

Step5 When the following interface appears, press any key.

T Sort = View
Mame ” Date modified Type
=4 mdis.cat 312/201010:59 PM Security Cataleg
D RNDIS.inf 2/3/2010 1:42 AM INF File

Step 6 Connect the computer and the PLC with a USB cable
serial device, and right-click Update driver.

i Audio inputs and outputs

i Batteries

) Bluetooth

® Cameras

[ Computer

= Disk drives

[ Display adapters

B Firmware

i) Human Interface Devices

=@ |DE ATA/ATAPI controllers

= Keyboards

( Mice and other pointing devices

[ Menitors

P Network adapters

E¥ Other devices

B Ports (COM & LPT)
il Standard Serial over Bluetooth link (COM3)
i Standard Serial over Bluetooth link (COMA4)
i USB Serial Device (COM25)

1 Print queues

L1 Processors

B9 Security devices

[0 Sensors

I SIMATIC NET

¥ Software components

B Software devices

i Sound, video and game controllers

<

Update driver
Disable device

Uninstall device
Scan for hardware changes

Properties

€ Storage controllers

Em System devices

§ Universal Serial Bus controllers
§ USE Connector Managers

Size
TKB

4 KB

: Open Device Manager, select Ports > USB
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Step 7 Click Browse my computer for drivers and select the driver folder.

! Update Drivers - USE Serial Device (COM3)

How do you want to search for drivers?

—> Search automatically for drivers
Windows will search your computer for the best available driver and install it on
your device,

—> Browse my computer for drivers
Locate and install a driver manually.

|
| & B Update Drivers - USB Ethernet/RNDIS Gadget
|

|
Browse for drivers on your computer

Search for drivers in this location:

| trnatic Studiot CODESYS\Common'Drivers\RNDIS_Windows_Driver - Browse...

B Include subfolders

— Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device.

Mext Cancel

Step 8 Wait for the installation process to complete, and then click Close.

B Update Drivers - USB Ethernet/RNDIS Gadget

Windows has successfully updated your drivers
Windows has finished installing the drivers for this device:

@I USE Ethernet/RNDIS Gadget

Close |

202605 (V1.1)
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Configure the USB network port

% Device Manager
File Action View Help
e @0 Hm e B EXE

[m]

The USB RNDIS item has been added to the Network adapters under Device Manager.

ped

v ol 0108252-xbx

> | Audio inputs and outputs
> | Audio Processing Objects (APOs)
> 3 Batteries

> ) Bluetooth

> @ Cameras

> O Computer

5w Disk drives

> [ Display adapters

> B Firmware

> ) Human Interface Devices

> =@ IDE ATAJATAPI controllers

> I Jungo Connectivity

> [ Mice and other pointing devices

> [ Monitors

~ [0 Network adapters
57 Blustooth Device (Personal Area Network) #2
57 Intel(R) Wi-Fi 6 AX201 160MHz
57 Realtek PCle GbE Family Controller
57 Realtek USB FE Family Controller
15 Sangfor aTrust VNIC
57 VMware Virtual Ethernet Adapter for VMnet!
57 VMware Virtual Ethernet Adapter for ViMnetd
15 WAN Mininort (IKFu?)

Right-click the Ethernet.

b= Settings

@ Home

Find a setting

Network & Internet

& Status

7% Wi-Fi
o=y

% Dial-up

% VPN

7] Airplane mode

) Mobile hotspot

@ Proxy

Ethernet

Unidentified network
No Internet

Ethernet
Not connected
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Step 2 Click Change adapter options.

Related settings

Change adapter options

Change advanced sharing options
Network and Sharing Center

Windows Firewall

@ Gethelp

& Give feedback

Step 3 Right-click the Unidentified network (with USB RNDIS in its name), and select Properties.

L". Ethernet 2 l: Ethernet 3
B by &

- Unidentified network - Disabled
@7 USB Ethemet/RNDIS Gadget @2 VirtualBox Host-Only Ether

) Disable
Status

Diagnose

Bridge Connections

Create Shortcut
Delete

Rename

dee @

Properties

Step4 Check Internet Protocol Version 4 and click Properties to set the IP address.

U Ethernet 2 Properties X
Networking ~ Sharing

Connect using:

? USB Ethemet/RNDIS Gadaet

This connection uses the following items:

&3 Client for Microsoft Networks ~
’:? File and Printer Sharing for Microsoft Networks
’:¥\ﬁrtuaIBox NDISE Bridged Networking Driver

93 Npcap Packet Driver (NPCAP)
93Q05 Packet Scheduler

R Intemet Protocol Version 4 (TCP/IPvd)

O . Microsoft Network Adapter Muttiplexor Protocol W
£ >

Install... Uninstall Properties
Deseription

Transmission Cartrol Protocal/intemet Protocol. The default
wide area network protocel that provides communication
across diverse interconnected networks.

oK Cancel
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Step 5 Set the IP address manually.

#Note: The IP address must be in the network segment 192.168.3.xxx (xxx means any integer value in
the range of 1 — 254 except 10).

k Connection — Ethernet — Ethernet 2 — Ethernet 3

L-..,E Network cable unplugged &.,Ef Unidentified network l?‘:' Disabled
(Personal Area ... X == Intel(R} Ethernet Connection (13} ... w7 USB Ethernet/RNDIS Gadget G VirtualBox Host-Or
{ W Ethernet2 Properties | Internet Protocol Version 4 (TCP/IPv4) Properties x

| Networking ' Sharing General

Connect using: ‘You can get IP settings assigned automatically if your network supports
I? 1USB Ethemet/RNDIS Gadaet this capability. Otherwise, you need to ask your network administrator
= for the appropriate TP settings.

Corfi
i (C) Obtain an IP address automatically
This connection uses the following tems .
Use the following IP address:

?Client for Microsoft Networks - "

9 File and Printer Sharing for Microsoft Networks [P address: 122 .168. 3 .50
’:Ez‘u"lrlua\Box NDIS6 Bridged Networking Driver Subnet mask: 255 , 255 , 255 , 0|
T Npeap Packet Driver (NPCAF)

’IJ:QDS Packet Scheduler Default gateway: . . .

4 Intemet Protocol Version 4 (TCP/IPv4) |

LI 4 Microsoft Network Adapter Muttiplexor Protocal W Obtain DNS server address automatically
< > (@) Use the following DNS server addresses:
Install... Urinstall Properties Preferred DNS server:

Description Alternate DNS server: I:I
Transmigsion Control Protocal/Intemet Protocol. The defautt
wide area network protocal that provides communication

across diverse interconnected networks. [validate settings upon exit Advanced. ..

AT — Cancel

1.3.2 PC and TP2000 Communication Configuration

If the hardware is connected with a LAN network cable, ensure that the IP address of the PC and the IP
address of the controller are in the same network segment. The factory default IP address of the TP2000
series is as follows: Ethernetl: 192.168.1.10; Ethernet2: 192.168.2.10, both having program debugging and
downloading functions. Connect the network cable to Ethernetl/Ethernet2. The IP address of the PC should
be set to 192.168.1.xxx/192.168.2.xxx (xxx means any integer value in the range of 1 — 254 except 10).

Figure 1-16 PC and TP2000 Communication Configuration Using a LAN Network Cable

q
Bl Moo | I e networ L O
x B Bluetooth Device (Personal Area ... i‘(ﬁ’r Intel(R) Ethernet Connection (13 ... @7 VirtualBox Host-Only Ethernet Ad...
& Ethernet Properties > | Internet Protocol Version 4 (TCP/IPv4) Properties x
Networking  Sharing General
Connect using: ‘ou can get IP settings assigned automatically if your network supports

this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

Ensure thatthe IF address is on the same subnet
() Obtain an IP address automatically

(®) Use the following IP address:
v =
’_ﬁcwlem for Microsoft Networks ~ [P address: 92 163 . 1 .40
1 File and Printer Sharing for Microsoft Networks
3 VirualBox NDISG Bridged Metworking Driver Subnet mask: 255 .255 .255 . 0
3 Npcap Packet Driver (NPCAP)
"E:ODS Packet Scheduler Sradt gateay
L Intemet Protocol Version 4 (TCP/IPv4)

[ Microsoft Network Adapter Mutipiexor Pratocol © Obtain DNS server address automatically
< > (®) Use the following DNS server addresses:

I? Intel(R) Ethemet Connection {13} 1215V

Configure...

This connection uses the following items:

Install Uninstall Properties Preferred DNS server:

Description Alternate DNS server: I:I

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocol that provides communication . . .
across diverse interconnected networks. [ validate settings upon exit Advanced...

Cancel

OK Cancel
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2 Getting Started

2.1 Project Creation

2.1.1 Starting the Programming Environment

Taking Invtmatic Studio V3.0.1.4 as an example, start the programming environment in the following steps:

Step1 Double-click the software icon of Invtmatic Studio The programming environment is as follows:

Invtmatic Studio V3.0.1.4 - o
File Edit View Project Build Qnline Debug Jools Window Help

e & LR B X (0L M Ra9%n - i (OOl ) g R([(FTF33F o M x

Devices v 2 % Start Page X

-

Basic operations Latest news

{2) New Project.] il‘vt m @ Q —J |

@ Open Project...

@ open Project from PLC.. — — 1

Recent projects

e TP2000551 1dess
g £2L, mum i
& e lﬁﬁ S SBREIEHIZE ﬁé‘.
& mAERsD :
& APEms — = T—
& MAFEmosn EEd

[ Close page after project load

B

o
fo
iv
im

[ show page on startup

Step 2 In the tool bar, select Tools > Device Repository to add a device profile.

#Note: Invtmatic Studio V3.0.1.4 is installed with the INVT device profile by default. For third-party devices,
it needs to be added manually.

Invtmatic Studio V1.3.5.4 -

| File Edit View Project Build Online Debug | Tools | Window Help X
(B /&0 o % B @ X #8054 4@ Package Manager.. O ) m N ([ETECzE 3 o M| |
i Invtmatic Studio Tool

(=]
X

POUs ~ % X | [ startPage X i Library Repository.. ~ |[propertes v 7 x
- L':, Eitics [E Deie Beposton |_ o
@] Visual Element Repository | ¥ sortby ~
) ) &) Visualization Style Repository... £ sortorder ~

Basic operations W LicenseRepository... It news Property \

51 NewProject; [J  License Manager... o

= Pr

i Open.Proje] Scripting »

(@ open Projeq

Customize...
2 Options...
Recent projects i
Import and Export Options...

& ™53 Device Reader...

& Untitleds

& Untitled3

& Demo_MovelLink

S MitErLc

= mhiti Description

& Untitled7
@ Close page after projectload

CA— —

@ Show page on startup 2 e @ visu...

32 Devices | ) pous | | cross Reference it S

WG =P = o - = = S

[B)” Messages - Total 0 error(s), 8 warning(s), 0 message(s)

Lastbuid: € 0 ® 0  Precompie o/ Project user: (nobody) Q
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Step 3 In the Device Repository pop-up window, click Install.

22 Device Repository

Location System Repository

(D:\Program Files\Invtmatic Studio\InvtmaticStudioRepository\Devices)

Installed device descriptions

String for a fulltext search Vendor: | <Al vendors >

~ Edit Locations...

Install...

Name Vendor Version Description
+ ﬂj Miscellaneous

+ ﬂj Fieldbuses

ks E HMI devices

+ [ PLcs

+ ? SoftMotion drives

Close

Step4 From the pop-up window, select the device profile to be installed from a local folder and then click

Open.

Install Device Description

&« v o4 > Desktop » phy > EtherCAT > xml
Organize +  New folder
~
A Home MName Date modified
£4_0000 1002_3.5.17.0.devdescxml 11/7/2023 7:20 PM
A Gallery s N

& 64,0000 1002_4.4.0.0.devdescxml
& 64,0000 1002_4.5.0.0.devdescxml

E Desktop & 64,0000 1002_4.6.1.0.devdescxml
- Downloads
| Documents
P9 Pictures
@ Music
3 videos
Tiems

T e

Type

Microsoft Edge H...
Microsoft Edge H...
Microsoft Edge H...

Microsoft Edge H...

Search xml

43KB

44 KB

44 KB

File name:

Mt
4
=]

| Device description fles (*deveh ‘

#Note: Here you can follow the above steps to add all device profiles provided by INVT, or add third-party

device profiles.
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2.1.2 Creating a New Project

Click the project creation icon J at the upper left corner or select File > New Project, or directly click New
Project in the window to quickly create a project. Select the project category, project template, device type,

programming language, project name, and project storage directory, as shown in the following figure.

=] new project b4

categories(C) templates(T)
{_J Libraries e i »
1 Projects o = =

Empty project HMI project Standard Standard

project project w...
2. Select Standard project.

1. Select Projects.

A project containing one device, one application, and an empty implementation for PLC_PRG

AXTX ~
TM731
TM750
TM751

™752
™753 3. Select the hardware model.

ZZ

TP2321-1016

TP2422-1048
TP2422-1064 - 1xEtherCAT; 16axis EtherCAT bus control
TP2422-1096 * 2xEthernets Support TCP/IP\ Modbus TCP\ UDP and other protocols Server/Client
TP2422-1128 * OPC UA Server
TP6210-3000¢ * 2XRS485s Support Modbus RTU Master/Slave
TPE211- * 2xUSB3.0
XXX - 1xDP
TP6214-3000x * 2.0GHz, 8GBLPDDRS, 64GB SSD
TP6219-1211 * Program capacity 256MB, PERSISTENT capacity SMB
TP6315-XxXX * Advanced motion control such as electronic cam and interpolation
* Industry specificprocess library
CODESYS Control RTE V3  Ethernet Switch
CODESYS Control RTE V3 x64
CODESYS Control Win V3
CODESYS Control Win V3 x64 v
PLC_PRG in Structured Text (ST) 4. Select the default project text. v

name(ullumiﬁedl I 5. Specify the project name and storage location. l

location |C:\Users\Administrator |Desktop\11 vl

o ][ o

After completing the above operations, go to the configuration and programming interface of Invtmatic
Studio, configure the task, and double-click PLC_PRG(PRG) to write programs.

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled 1.project
File Edit View Project Build Online Debug Tools Window Help

=] =H & - 4 a2 ﬁ A:‘ B | 0HE g j‘ #¥ = Application [Device: PLC Logic] ~ % »
Devices v & X || [5] PcPRG [#4 Task Configuration X
= 3 Untitled? v || TaskGroups Monitor Variable Usage SystemEvents Properties
= (i Device (TP2321-1016) &k Add Group 3 Remove Group
1, Fault diagnosis summary Group Name Core Priority
=81 pLC Logic

) = IEC-Tasks
o Application @ MainTask

1]
i) Library Manager S e Take
%J, PLC_PRG (PRG) §& EtherCAT_ETH3_Task
= (4 Task Configuration
& EtherCAT_ETH3 Task (ET|
= @ MainTask (IEC-Tasks)
& PLC_PRG

D Variable usage
[} Version relation check
# TP _HSIO (TP2x0cx-HSIO)
[ EtherCAT_ETH3 (EtherCAT Master So!
2 SoftMotion General Axis Pool

& &
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Note: The TP2321 is a dual-core model where EtherCAT is bound to Core 1, while all other tasks run on
Core 0. The TP2422 is a quad-core model where EtherCAT is bound to Cores 2 and 3, with other tasks running
on Cores0and 1.

2.2 Typical Steps of Project Writing
From the above example given in section 2.1.1 Starting the Programming Environment, writing a user
program with MC motion control functions generally requires the following steps:
Step1 Application system hardware configuration

Configure the network according to the main controller, expansion modules, network type, servo slave, and
other hardware used.

Step2 User program writing

According to the control function to be implemented, write motion control with one POU (such as POU1),
and write common logic control with another POU (such as POU2).

Step 3 Servo drive parameter configuration

Configure the objects of SDO and PDO according to the servo name and running mode in the hardware
configuration, and ensure that the communication objects required between the MC function block of the
user program and the servo are filled in the configuration table.

Step4 Servo motor parameter configuration

Correctly fill in the resolution of the servo motor encoder, the transmission ratio of the mechanical structure,
the characteristics of the axis movement range, and other parameters so that the displacement instruction
imposed on the control object corresponds accurately to the actual displacement.

Step5 Core allocation

TP2321 (Dual-core model): EtherCAT is bound to Core 1; all other tasks run on Core 0.

TP2422 (Quad-core model): EtherCAT is bound to Cores 2 and 3; all other tasks run on Cores 0 and 1.
Step 6 Task arrangement

Based on the real-time requirements of control, execute the motion control function POU1 in the EtherCAT
task; set the cycle to 250 ps, 500 us, 1 ms, 2 ms, or 4 ms and make it the same as the EtherCAT master
synchronization cycle, with the priority of 0; execute the common logic control POU2 in MainTask or other
common tasks and set the cycle to 1 ms, 4 ms, or 20 ms, with the priority of 1.

Step 7 Online debugging

Connect the TP2000 Series PLC to the PC via a LAN network cable correctly and then power on the PLC.
Download and debug the user program to eliminate user program bugs (if possible, you can connect the
servo drive system to the TP series PLC, and then perform debugging. If the servo system is not available,
you can set the servo drive system as a virtual axis; if the TP series PLC is not available, you can simulate and
debug the user program on the PC to eliminate possible errors in the user program until it is compiled
without errors).

2.3 Examples of Program Writing and Debugging

Here is an example of a basic servo control program to give you a first glimpse of the programming process
before you go through the principle of the programming system and the method of compiling the motion
control program. Write a simple program that allows the TP series PLC to implement the following functions:
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the servo motor repeats rotating forward 50 revolutions, and then reversing 50 revolutions.
The programming method and steps are as follows:

Step1 Add the corresponding devices: EtherCAT master, servo drive, and motor shaft.
Step 2 Handle the motion control of the servo in the high real-time EtherCAT task cycle.
Step 3 Set relevant parameters.

Step4 Write the program.

2.3.1 Adding a Device

Step1l Right-click Device in the device tree of the software interface, select Add Device and then Fieldbuses >
EtherCAT > Master > EtherCAT Master SoftMotion (corresponding master), and click Add Device. This
will add the EtherCAT master bound to the ETH3 port by default.

Untitled9.project” - Invtmatic Studio

- o X
File Edit View Project Build Online Debug Tools Window Help
S "= R (2 |43+ 3| #¥ | Application [Device: PLC Logic] - OF L3 > M
Devices - 1 x PLC_PRG X = || Properties v B x
=3 v| 1| PROGRAM PLC_PRG 7 Fiter + | ¥ Sortby ~ ) Sortorder +
18 (@ pevice & copy b vag || Preperty Value
Au —
O. Faulf pacte
= Bl pie| X Delete
=8 Refactoring » e 100 % |€R)
2 Properties...
=% AddObject v
A Add Device. 2]
a [ T
([ extq (5 Edit Object
3 soft Edit 1O mapping
Import mappings from CSV... Description
Export mappings to CSVa.
% Online Config Mode... w00% &
Reset Origin Device [Device] 3 Tool... & Proper... @] visualzation Too...
Simulation =L o & 13
ation.PLC_PRG » |7 Filter by Symbel, POU, Variable, Access, Type, Address, Object « [ s =
& Visual Element Repository Q - e & =8
Symbol PO Variable  Access Type Address  Location Object C
= PLC_PRG PLC_PRG Dedaration  PLC_PRG line 1{Ded)  PLC_PRG [Device: PLC Logic: Application]
PLC_PRG  Task Configuration.MainTask cal PLC_PRG MairTask [Device: PLC Logic: Application: Task Configuration]
5 Devices |[[) Pous

Bl Messages - Total 4 error(s), 0 warning(s), 0 message(s)|
Lastbuld: € 0 @& 0 Precomple o7 & Project user: (nobody) Q.

[ Add Device

Name  EtherCAT_Master_SoftMotion

Action

| € Append device O Update device

| | string for a fulltext search Vendor | <All vendors> ~

Name Vendor
#- [ Miscellaneous
= [0 Fieldbuses
o CaNbus
= oo EthercaT
= bk Master
EtherCAT Master 35 - Smart Software Solufions GmbH  3.5.15.30  EtherC/,
EtherCAT Master SoftMotion 35 - Smart Software Solufions GmbH ~ 3.5.15.0  EtherCs
@ 35 - Smart Software Soluions GmbH ~~ 3.5.15.30  Etherc?
) EtherCAT Master Softhotion 35 - Smert Software Solutions GmbH ~ 3.5.15.30  EtherCH
| % HB Ethernet Adapter
| . EtherNet/P
* {2} HomesBuiding Automation
-0 Modbus
ER profibus
5 Profinet 10
+ S sercos

Version Descrif

8 Group by category (@ Display all versions(for experts enly) (] Display outdated versions

[ Wame:EthercaT Master SoftMotion

Vendor: 35 - Smart Software Solutions GmbH

Categories: Master e
Version: 3.5.15.30 ﬁl
Order Number: -

Description: EtherCAT Master SoftMotion...

Append selected device as last child of
Device

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

Add Device Close
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Step2 Double-click Device on the left side of the software interface, and click Scan for Network on the
pop-up window. When the PLC light on the right is green, it indicates the PLC device is connected
successfully and you can download the PLC program.

B
Fle Edt View Project Buld Onime Debug Took Window Help
el & Ty B2 i3+ [ ¥ | Application [Device: PLC Lagic] = O8 % L
Devices X 3 pevice x
= ) tndtkay -
- i . St | oo
Y Auto sca .
D, Fauit dagnasis summary R
=8l rope Backup and Restore
= © Apphcation
) orary Manager — - .
5] e pRs Rg) Gateway © »
= @ Tosk Configraton ir
5 maTak =
& pic_ss FLC Settings fer—
) Varibie uasge ocsihost
(@ 7D MM 7SKSID) e Port
(8 Excad prodiescar) 21
o Users and Graups
hecess Rights
Select Device x
Selectthe network path to the controller
= sl Gasart [Device ame:
T Trss-C fo0oe] s —
Device Address:
o
Block driver:
luoe
wumber of
channels:
A
Target 10:
15310053
Target ame:
Shenzen BHT-
[ Concel | b chject
| symbel poU - Veriable | Access | Type Hadress [iseation  Object
= e s PLC_PRG Dedaraton  PLC_PRG Lne1@ec)  PLC_PRG Device: PLC Lo Applcator]
FCPRS  TaskConfiguration Merask cal FLCFRG MasTask [Deace: FLC Loge: Applcaton: Task O

Step3 Add aslave.

There are two methods to add a slave: automatic scanning for device configuration, and offline device
configuration, which are introduced below respectively.

B Automatic scanning for device configuration

Usually, after the PLC and EtherCAT devices are powered on and the EtherCAT bus has connected EtherCAT
devices such as the servo motor and 10 modules, the bus devices are scanned by software to automatically
complete the configuration. The operation steps are as follows:

Step1 Right-click the required master device in the device tree and select Scan For Devices, as shown in
Figure 2-1. Then, the slave devices can be scanned and the scanning result window will pop up, as
shown in Figure 2-2.

Figure 2-1 EtherCAT Master Scanning Interface

B Uit project - it St
File Edt View Project Buld Onine Debug Tools Window  Help L4
IEE S TR Y G0 (57 1B Applicaton (Devce PLC Lagic] = OF X

- [poe. @ %

¥ e +
S etwak...| Gateway ~ | Devie =
- % Sorthy ~
sortondr
Propeny
Sacku and Rast
Fles °
Gateway *
Log
= [00ce] facove)
L Sertmgs Paddres
ocalies
ALl -
5
Description
£ ]
- x
= &
Access Tee  Addes  Lecaton  Oject Com
Oedaston  LE_PRG e 1(ed)  LC_PRS Dece FLC oo Apstcaber]
ol Rc_pRe MaTack [pevices PLE Logis Acaton:Tosk Cnfigrason]
Letbdd O 0 B0 Precomcle s (@ roject uee: (obocy) ]
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Figure 2-2 Adding a Slave to the EtherCAT Master

File Edt View Project Buld Online Debug Tools Window Help

B H & & 5% 840G =] (3" | | Application [Device: PLC Logic] ~ @§ L o> |HE
Devices > & %X || [0 pevice x Prope.. = B X
=3 tniteds - B s  Fiter
= [ Device fcomected] (M753) Settings L il i) 38 Sortby -
1) Autoscan 2
Bl sortorder -
Q rautdagnosssummery || fpticstem |
5 - - — Property \
30 pLc Logic Scan Devices o x
Soarned Devices °
Device name Devicetype Alias Address
& EtherCAT Task TIVT DAZ00 266 DAZOO-H BtherCAT(Cof) Irive ¥285 10 -
= & uarmask [TIVT_DA300_101 | DA300-H BtherCAT (CoE) Trive 0
) pLC PR
) variable usage
([ TM7SKHSIO (TM75K+10)
(@ ExtCard (ModuleScan)
[ EtherCAT_Master_SoftMotion (Ether
'3 SoftMotion General Axis Pool
fie co., Lt
Descriptio
hasion Address
s I # @
- rx
Device. Application PLC_PRG Q| |® | 7 | Filter by Symbol, POU, Variable, Access, Type, Address, Object R = =]
Symbol pOU Varigble  Access Type Address Location Object Com
=-pLc_pRG PLC_PRG Dedaraton  PLC_PRG line 1 (Ded)  PLC_PRG [Device: PLC Logc: Applcation]
PLCPRG  Task Configuration MainTask cal PLCPRG MairTask Device: PLC Logic: Applcation
5 Devices Byrous
(B0 Messages - Total 4 errors), 0 warming(s), 2 message(s))
Core:14% Memory:74% Lastbuld: © 0 ® 0 Precompie \/ b @ Project user: {nobody) Q

Step2 Click Copy to project on the Scan Devices interface. The servo drive and the corresponding 402 axis

will be automatically added.

201 project” - Invtmatic Studio V3.0

File Edit View [Project | Build Online Debug Tools Window Help

S~ B ) LR
Devices ~ 2 x
= &FI&or -

= [ Device (TP2422-1048)
+, Fault diagnosis summary
= E][I PLC Logic
= 1} Application
‘U Library Manager
[5] pLc_PrG (PRG)
=8 Task Configuration
2 EtherCAT_ETH3_Task (ETH3_Tasks)
& EtherCAT Task (IEC-Tasks)
= @ MainTask (IEC-Tasks)
&) PLC_PRG
a Variable usage
D Version relation check

| = [{) EtherCAT_ETH3 (EtherCAT Master SoftMotion)

= |2 INVT_DA200_265 (DA200-N EtherCAT(CoE) Drive V265)
M axis (Axis)
= m INVT_DA300_101 (DA300-N EtherCAT(CoE) Drive)
H axis_t (Axis)
‘3 SoftMotion General Axis Pool

2 ]

[ Device x| =
Communication Settings
Applications
Backup and Restore
Files
Log
PLC Settings
PLC Shell
Users and Groups
Access Rights

Symbol Rights

Software metrics for license
determination

IEC Objects
Common.Misc Parameters

Task Deployment

PLC_PRG

----C:\Users\Administrator\Desktop\I5iBA T3\i#7= L 20 1\i&~_LI201.project

Application [Device: PLC Logic] ~ !

Gate

Scan Network

#Note: INVT servo motors do not require manual axis addition later, but third-party servo motors require it.
The double underlines under the EtherCAT master indicate a prompt: if the required task "Ethercat_Task"
does not exist, the EtherCAT master may not function correctly.

Offline Device Configuration

If the network connection for the PLC, the servo motor, and other devices is not available, you can
perform device configuration directly on the Invtmatic Studio software.
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Right-click EtherCAT_Master_SoftMotion in the device tree, and select Add Device.
Figure 2-3 Adding an EtherCAT Slave Offline
B #1201, project - Invimatic Studie V3,0 V3.0,1 4--Ci\Users\AdministratonDesktop R4y Bz L #2018 T#201 project -
File Edit View Project Build Online Debug Tools Window Help
BEFEE & v RRX AGAS AT & < [’ |8 | Application [Device: PLC Logic] = Of @ , w W [, = |9
Devices + 8 x|| (& rcere (@ evice x
SR Eor =|| | communication Settings | Scan Network | Gateway v | Device ~
(@ Device (TP2422-1048)
"\, Fault dagnosis summary Applications
= 8 PC Logc .
= 3 Apphication | Backup and Restore
@ -
i) Lorery Mansger | | Files ® . Y
[5] mec_prc pRE) 4 Cut Gateway
= (B8 Task Configuraton By Copy v| \szmrmaa (active)
B EtherCAT ETH3 Task ET) . pacte ) X
B EMerCAT Task (ECTas 5 e eatons B
= & MainTask (IEC Tasks)
y B ' i s
tentVars
1) verble vmose @ Properties.. Target ID:
[} version refaton check Add Object e
TPZio0c HSIO (TP 2 HSIO) 3 AddFolder... Target Type:
() EtrerCAT_ETHS (EtherCAT Master [radeviee.. ] e
'& SoftMobon General Axs Pool S o Devsoaat Target Vendor:
; Shenzhen INVT Blectric Co,, Ltd.
Disable Device S
Update Device... 352060
[§ Edit Object
Figure 2-4 Selecting an EtherCAT Slave Device
i Add Device
| @ Add X
g
Name [mw_mzuu_zas
Action
} (® Append device () Insert device Plug device (O Update device |
[pa200 | vendor | <all vendors> >l
Name Vendor Version Description ()
= oo EtherCAT
= u;]slave L
=3 mvT
I DA200-N Ether CAT(CoE) Drive V265 I INVT Revision=16#000000AB EtherCAT Slave imported
IWE INVT_DA200A_EtherCAT_1.0.1.0 INVT Revision=165000000AB EtherCAT Slave imported v
T < >
g [ Group by category [] Display all versions (for experts only) [] Display outdated versions
E
m Name: DA200-N EtherCAT(CoE) Drive V265 )
Vendor: INVT
Categories: Slave
Version: Revision=16%000000AB —
Order Number: INVT_DA200_265 h
Description: EtherCAT Slave imported from Slave XML: INVT_DA200_EtherCAT_¥265_220120.xml
H Prmssimms PAWWY M Edame™ AT/ ACN Ppicim VST
Append selected device as last child of
EtherCAT_ETH3
&  (You can select another target node inthe navigator while this window is open.)
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After the servo slave and 402 axis are added to EtherCAT, it is shown as below.

File Edit View Project Build Online Debug Jools Window Help

Hed & [ &= )[4 | Application [Device: PLC Logic] ~ ©f
Devices * 3 X | [5] PCPRG () pevice x
KT &o1 - I Communication Settings Scan Network ~ Gateway v = Device v
(@ Device (TP2422-1048)
4, Fault diagnosis summary Applications
=80 PLC Logic .
= 1} Application Backup and Restore
@ o .
i) Library Manager Flles — ®
|E] PLC_PRG (PRG) % Gateway
= o )
=& :;sk Configuration - -
& EtherCAT_ETH3 Task (ETH3 Tasks) PLC Settings IP-Address:
& EtherCAT Task (IEC-Tasks) Jocalhaet
= €5 MainTask (IEC-Tasks) BLC Shell
8] Pc_PRG ':g;‘;
T persistentvars Users and Groups
) Variable usage
,j Version relation check Access Rights
# TP200_HSIO (TP2x00x-HSI0)
= [1J EtherCAT_ETH3 (EtherCAT Master Softiotion) Symbol Rights
= (@ ™VT_DA200_265 (DAZ00-N EtherCAT(COE) Driv | | software metrics for license
M Axis (Axis) determination

S SoftMotion General Axis POl

IEC Obiedts

2.3.2 Writing a Function to Handle POUs

In Invtmatic Studio programming environment, there is an EtherCAT_ETH3_Task task, a HSIO_Task task, and
a MainTask task for the default task configuration. The MainTask task contains a POU named PLC_PRG which
is created when the new project is created, as shown in Figure 2-5. We need to create a POU dedicated to
servo control and put it under the EtherCAT_Task task. The creation steps are as follows:

Figure 2-5 PLC_PRG Programming Interface

JE< LF201.project* - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Desktop\i5BE B\&E 7~ LF201\/&E LF201.project
File Edit View Project Build Online Debug Tools Window Help

BzE & R R B2 [ t3- (1" ¥ | Application [Device: PLC Logic] ~ ©f
Devices - 3 X =] PLC_PRG X [{] Device
T 01 - 1 PROGRAM PLC_PRG
[ pevice (TP2422-1048) 2 VAR
+, Fault diagnosis summary s
=[] pLC Logic ¢ | END_VAR
= I} Application
@ on
m Library Manager
[£] pLc_PRG (PRG) v

= @a Task Configuration
& EtherCAT_ETH3_Task (ETH3_Tasks)
& EtherCAT Task (IEC-Tasks)
=-§& MainTask (IEC-Tasks)
&) pLC_PRG
v Persistentvars

D Variable usage
D Version relation check
# TP200¢_HSIO (TP2x0xx-HSIO)
\ﬂ EtherCAT_ETH3 (EtherCAT Master SoftMotion)
2 SoftMotion General Axis Pool

Step 1 Right-click Application in the device tree, select Add Object > POU, and add a POU dedicated to
EtherCAT servo control.
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Step 2 Double-click EtherCAT_ETH3_Task in the device tree, clic

JERFE01.project” - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Desktop\irt BB \iER TAZ01\ER TIE01. project

File Edit View Project Build Online Debug Tools Window Help
B H & L X (MR R £+ (3" | ¥ | Application [Device: PLC Logic] » ©F %
AL E‘ PLCPI [ Alarm Configuration...
7, 1 Pl
R T80 = N 5 Alarm group template...
[ Device (TP2422-1048) 2@ v P A6
@, Fault diagnosis summary : 3PS Qroup..
= 4 EI@ Camtable.
&  CNC program...
= #Y CNC settings...
&5 {# Communication Manager...
Pas e Aw
e B®  Data Sources Manager...
Delete a: DUT
Refactering » |E] ExtemalFile...
[ Properties.. @ Global Variable List..
Image Pool...
[ AddObject | 2 bl
3 Add Ford =0 Interface...
older...
[ variable usage = (e @ Network Variable List (Receiver)...
)
8 vt rimcial Ll Network Variable List (Sender)...
¢ TP200c_HSIO (TP2Y Edit Object With... P
(@ EthercaT_ETH3 (Y L [ u. | ‘
% SoftMotion General % Login T®T_POU for Implicit Checks...
Delete application from device ﬁ Recipe Manager...
8] Visualization Element Repository Redundancy Configuration...
"3 Symbol Configuration...
Text List...
Trace...

< >l <

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

and select a POU.

Figure 2-6 Callin

Untitled9.project” - Invtmatic Studio

Trend Recording Manager...
Unit Conversion...

Visualization...

BEERRAD.

Visualization Manager...

g a POU for the EtherCAT task

k Add Call on the configuration interface,

- b0 x
File Edit View Project Build Online Debug Tools Window Help Y
@ E & o o 4B X (dh NS N 9 W 8 B2 - O | # | Application [Device: PLC Logic] - 8 &% ) &
t 1
Devices ~ B X|| [ Deviee [[5] PLcPRE  [fif] POU ' EtherCAT Task x| ~ || ToolBox. v 1 x
=5 thiteds ~|| configuration
= Device (M753)
L) Auto scan Priority (0.31 ) 0
0, Fauit dagnosss summary
= B0 pc oo Type
= £ Application (B Cyclic ~ Interval (e.g. t5200ms) 4 ms
9 Library Manager
PLC_PRG (PRG) Watchdog
[ pou (PR (OEnable
Task Configuration
Time (e.g. t#200ms) ms
Sensitii
E PLC_PRG Y
Variable usage:
[@ m75x-HS10 (TM753-+1510)
(B ExtCard (Moduescan) 4 Add Call [ Remove Call [# ChangeCall | & MoveUp % Move Down | Open POU
= EtherCAT_Master_
@ Haster £ POU Comment
= (i ™T_DA200_255 (DA200-N EtherCAT(Col
©H s (Axis)
= [ ™T_DA300_101 (DA300-N EtherCAT(Col
B s 1 ()
" Softiotion General Axis ool
32 To. [ B Pro..| ] Visusizatio. .
Cross Reference List -8 x
Device, Application. CallTask__EtherCAT Task ‘@, & 7 | Filter by Symbol, POU, Variable, Access, Type, Address, Object < v 5 = &
Symbel POU Variable Access Tpe Address Location  Object
-~ CallTask__EtherCAT Task ‘Task Configuration. EtherCAT Task Dedaration CallTask__EtherCAT Task. EtherCAT Task [Device|
CallTask_EtherCAT Task  Task Configuration EtherCAT Task  CollTask_EtherCAT Task  Dedlraton  BOOL EtherCAT Task [Device
3 Devices [ Pous
Bl Messages - Total 5 error(s), 0 warning(s), 2 message(s)|
Core:17% Memory:74% Lastbuid: @0 @0 Precompie o+ G Project user: (nobody) (4]
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Configuration

Priority (0.31 [0

4000

b v

Type

(@ cyclic v Interval (e.. t£200ms)
Watchdog Input Assistant
[enable

TextSearch Categories

Time (e.g. 1+200ms)
Programs

Sensitivity 1

4 Add Call X Remove Call (4
poU
& e pre

a HName

= €} Application
5] PLC_PrG

Origin

ms

Mstructured view

Documentation

Insert vith arguments

Insert with namespace prefix

Messages - Total 0 error(s), 0 warning

Devices

Description

Object

@ Created task ‘EtherCAT Task'

oK Cancel

2.3.3 Setting Motor Parameters

Position

For precise control of the movement position, the PLC must accurately calculate the position of the servo
motor. Based on the operating characteristics and stroke characteristics of the application system, as shown
in the figure below, select Axis type and limits so that the PLC can calculate the feedback information from
the motor encoder to obtain the accurate position and avoid errors caused by the accumulation of encoder

Figure 2-7 Motor Parameter Settings

pulses.
[ Untitiedd.project® - Invtmatic Studio
File Edit View Project Build Onlne Debug Tools Window Help
NEHE S [ R R 5}
Devices > 8 x|| | Devie PLC_PRG
= ) Lintitectd -
=@ Device (TM753) =
1) Aute scan )
), Fault disgnosis summary bioninafsating
=&l PLC Logic

=i} Application
7 Library Manager
PLC_PRG (PRG)
¥ pou (pre)
= (& Task Configuration
&2 EtherCAT Task
= -8 MairTask
&) rLc_PRG
) variable usage
[ ™M75x-HSIO (TM75x-HSIO)
[ Extrard (ModuleScan)
=[] EtherCAT_Master_SoftMotion (EtherCAT Mas
E - EtherCAT(Col
M |axis
= [ TVT_DA300_101 [DA300-N Ether CAT(Co
H  Axis_1 (Axis)
‘3 SoftMotion General Axis Pool

#Note:

Automatic mapping
General
Scaling/Mapping

Commissioning

SM_Drive_ETC_GenericDSP402: /0
Mapping

SM_Drive_ETC_GenericDSP402:
IEC Objects

Status

Information

fi27)

Application [Device: PLC Logic] = @% LS
9 Pou 8 EtherCAT Task H Ads x

Axis type and limits

(O Virtual made | Softaare mits

= () Activated Negative [u]: 0.0

O Modulo

Positive [u]: 1000.0
© Finite o]
Software error reaction

Deceleration [ujs3: 0
Max. distance [u]: 0

Dynamic limits

Velocity [u/s]: Acceleration [u/sZ]  Deceleration [ufs3]  Jerk [u/s7]:

30

1000 1000 10000

> ||

Velocity ramp type
© Trapezoid

(O Sin2

() Quadratic

() Quadratic (smooth

Identification
ID: 0

Position lag supervisior
deactivated

Laglimit[ul: 1.0

e  For the reciprocating mechanism of the lead screw type, Finite is preferred as the lead screw stroke is
limited and we should know its absolute position within the stroke range.
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® For a single-direction axis, Modulo is preferred as the linear mode may cause position counting
overflow, resulting in position calculation errors.

The encoder parameters of the motor (such as resolution) and the mechanical reduction ratio of the
application system may be different. They need to be set based on the actual situation during programming,
as shown in the following figure.

Figure 2-8 Motor Encoder Parameter Settings

Untitled9.project” - Invtmatic Studio

File Edit View Project Build Onlne Debug Tools Window Help
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distribution rate of the zerwo metor iz 20bit. it means that the motor rotates 1 twrn and
needs to receive to receive 1048,576 pulses

2. Set the corresponding parameters (electronic gear ratio) according to the actual

mechanical structure;
3+ Wote: Each parameter input in the figure above can only input integer data in order

When the motor is running, the PLC sends the required number of pulses to the servo drive through
EtherCAT communication to control the servo operation. Therefore, the encoder resolution needs to be
accurately set according to the actual situation. For example, if the resolution of the servo motor is 20 bits, it
means that for the motor to make one revolution, 1,048,576 pulses need to be received.

You need to set the corresponding parameters (electronic gear ratio) according to the actual mechanical
structure.

#Note: Please note that only integer values can be entered for the parameters shown in the above figure. In
order to ensure that the ratio of the parameters in the corresponding rows on the left and right sides is
effective, you can adjust the integer values on the left and right sides appropriately. For example, a 20-bit
servo motor drives a lead screw of 16 mm (the screw slider moves 16 mm when the screw rod rotates 1 circle)
after passing through a mechanical reduction mechanism with a ratio of 3.75:1. The parameter settings are

shown in the figure below.

Figure 2-9 Parameter Setting Example
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2.3.4 Writing a Function for Forward/Reverse Motor Direction Control

For the motion control of the servo axis, the default synchronization period is 4 ms, and you can select it

according to actual needs, as shown in the figure below.

Figure 2-10 Servo Axis Motion Control Cycle Setting
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The program in the figure below is written in the ST language, and the relevant code is as follows.

Figure2-11 ST Code

= 2 WAR
3 MC Power : MC_Power;
] MC MoveRbsolute: MC_MoveRbsolute;
5 iStatus: INT
€ 1:UINT:=1000;
7 END_VAR

i)
=
1 CASE iStatus OF
2 0z
3|  MC_Power(Awis:= SM _Drive_GenericDSP402, Enable:= TRUE, bRegqulatorOn:= TEUE, bDriveStart:=TRUE , }:
4 IF MC_Power.Status
= 5 THEN
3 iStatus:=iStatus+l;
7| END_IF
] MC Movelbsolute (Axis:=SM Drive GenericDSP402 , Execute:= UE, Position:=200 , Velocity:=5 , Acceleration:= 5, Deceleration:= 5,);
10 IF MC_MoveRbsolute.Done
11 THEN
1z MC Movedbsolute (Axis:=SM Drive GenericDSP402 , Execute:= FALSE,)r
13 iStatus:=iStatus+l;
13| END_IF
18 MC MoveRbsolute (Axis:=5M Drive GenericD5F402 , Execute:= TRUE, Position:=0 , Velocity:={, Acceleration:= 5, Deceleration:= 5,);
17 IF MC_MoveRbsolute.Done
= 18 THEN
= 18 MC MoveRbaolute (Axis:=5M Drive GenericDSP402 , Execute:= FR E,J:'
20 iStatus:=1;
21|  EMD IF
zz|  END CASE

2.3.5 Compiling the User Program

If there is a writing error, the error type and reason will be listed in Figure2-11. Once you double-click the
error description, the cursor will jump to the corresponding program editing window to facilitate revision.
After the revision, compile it again until all compilation problems are eliminated.
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The operation steps are as follows:

Step 1

Step 2

Step 3

Double-click Device in the device tree, and select Communication Settings > Scan Network.

After selecting the corresponding device, click Flash. At this time, the PLC display on the connected
device's LED screen will flash three times.

After confirming the device, download the user program to the CPU module.

[ Untitled

Figure 2-12 Program Compilation Interface
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Figure 2-14 User Program Download
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When downloading for the first time, a prompt as shown in the figure below will appear. Select Yes.

Invtmatic Studio V3.0

create it and proceed with download?

The application 'Application’ does not exist on device 'Device'. Do you want to

If an application already exists in the PLC, a different prompt will appear when downloading the changed
application again, as shown below. Generally, select Login with download. The option Update boot
application means that the PLC will automatically run this application the next time it is powered on.

Invtmatic Studio
@ The application changed since last download. What do you wantto do?

Options
O Login with online change

(® Login with download
(O Login without any change

Update boot application

#Note: For large applications, execute Clean and perform a full download after 5 to 10 consecutive online changes,

or when the code changes are substantial.
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2.3.6 Running the Monitor Program

As shown in Figure 2-14, after logging in to the device, you can know the program is running by observing the
actual operation of the servo or checking the position value of the servo axis of the upper computer. At this
point, the required servo jogging and 2-cycle running triggering functions have been implemented, which
means the programming process is complete. You can also view the CPU and memory usage in the lower left
corner of the interface, as shown in Figure 2-15. In the task configuration interface, you can view the
execution cycle time of each task (after the program is powered on for the first time, you need to right-click
and select Reset to view the accurate time), as shown in Figure 2-16.

Once communication with the EtherCAT slave is established, you can use InvtMatic Studio to commission
the servo through function codes. You can both view and configure the servo function code parameters.

Figure 2-15 Device Monitoring
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2.3.7 Fast Configuration

Select Project > Quick Configuration to open the Fast Configuration interface, as shown below.

Untitledd.praject® - Invimatic Studio V3.0 V3.0.1.2---CAUsers\Administrator\Documents\Untitled4\Untitledd.project
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E=E & ] Add Object v 2 E3e 37| | Application [Device: PLC Logic] ~ ©F
Add Folder...
- Scan for Devices... =
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= 5 ntteds . [ ode Clear stored data Repair conflicting address
=i pevice (rP242] EcrEObact
Faultdi Edit Object With... ffully compiled, the child nodes will be expaned normally! Generate Code
. Fault diagr]
— B PLC Logi Online Cenfig Mode...
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Quick Configuration Function Description

Selected device preview window: Allows you to view the list of selected devices by category, quickly
delete devices, and adjust the order of devices within the same type. Depending on the PLC model, it
displays single or dual EtherCAT masters. The common types displayed include: Backplane Bus
(Localbus), Modbus RTU 1, Modbus RTU 2, Modbus TCP 1, Modbus TCP 2, EtherCAT 1, and EtherCAT 2
(other types are currently not supported). This window does not display devices that have already been
added to the project.

Move up: Moves the selected device up in the preview window.
Move down: Moves the selected device down in the preview window.

List of devices to be added: Displays all subdevices that can be added based on the selected device type.
Devices that cannot be added are hidden.

All-version display: Switches between showing only the latest-version devices and showing devices of
all versions. By default, only the latest-version devices are shown.

Device details: Displays detailed device information, including vendor, type, ID, version, and
description.

Device addition: Allows you to customize the device name and quantity for batch addition. If the total
number of added devices exceeds the limit, a warning prompt will appear and block the operation.
When adding multiple identical devices at once, add sequential suffixes to their names to differentiate
them. The default quantity is 1; if you manually change this number, it will automatically reset to 1 after
the addition is complete.

Reset: Clears all devices that have been added to the device preview.

Add to project: Adds the selected devices into the project. The results of this operation will be displayed
in the operation log.

Close: Exits the Quick Configuration window.
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3 Basic Functions

3.1 Interface Layout

Search in the Start menu of the Windows system or click the shortcut on the desktop to open the Invtmatic

Studio software.

Figure 3-1 PLC Project Interface of Invtmatic Studio
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The interface mainly includes the following content:

®  PLC device information, you can right-click Device to change the PLC model;
e  Application, i.e. the user program management unit;

®  FEtherCAT_Task, i.e. the EtherCAT bus task;

e  HSIO pulse output task, i.e. the HSIO_Task;

e  MainTask, i.e. the main program task;

® Local module configuration TP2xxx_HSIO;

e  FEtherCAT_ETH3, i.e. the EtherCAT bus configuration;

®  EtherCAT bus slave INVT_DA200_265 and 402 axes, or remote 10 modules.

e  Shortcut keys for compilation, login, and debugging.

* Lodder Elements.
* pous
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3.2 Build Menu

The Build menu integrates diverse functions such as compilation and clearing, which are described as

follows:

®  Build: Compile and link all codes into those that can be executed by the PLC.

® Generate code: For the Generate File function required for symbol configuration in label
communication, you can click the Compile button to implement it, or click the shortcut key | i .

®  Generate runtime system files...: Packages the project into a controller executable file, which can then
be updated using the update tool.

® Clean: Clear the last compiled and downloaded information.

[ ]

Clean all: Clear compiled information, downloaded information, and reference information, and
refresh all library and project data compilation information.

Figure 3-2 Compile Menu

Untitled9.project® - Invtmatic Studio
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=[5 PLE Logic = = =
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m Library Manager

3.3 Variable Usage Table

3.3.1 Overview

The variable usage table has the following functions:

Display the address usage of I/Q/M areas, including the classified display of used addresses, conflicting
addresses, and free addresses.

Display the used size, available size, and usage rate of the program area, data area, power failure
retention area, and I/Q/M areas.

3.3.2 Function Introduction

Select Device > Variable Usage in the device tree and double click Variable Usage to open the interface as
shown in the figure below.

#Note: The maximum storage capacities of the TP2000 series program area, the data area, the power failure
retention area, the M area, the | area, and the Q area are 256M, 256M, 5M, 5M, 128K, and 128K, respectively.
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Untitled9.project - Invtmatic Studio
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[ SMBD-9MB524. . 9%MBO-24MB5242879 Free
2 94MB5120000-. SO 9MB5120000-%MB5 179999 System used
3 94MB5130000-. sMtf 9MBS 180000-%MB5219999 System used
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First page Previous page 1 i B Next page Last page Page size: ~

Table 3-1 Description of Variable Usage

Number Item

Description

Data refresh
area

If you click the Compile button, the interface will extract the information it
needs based on the generated data and conduct a refresh once the
compilation is succeeded. Alternatively, you can click the menu Compile >
Generate Code in Figure 3-2 to trigger an interface refresh.

# Note: This function will refresh the interface only after successful
compilation.

Area usage
2 information
area

It mainly displays the basic information of the program area, data area,
power failure retention area, and 1/Q/M areas, including the total capacity
of the area, the size of the used area, the size of the available area, and the
area utilization rate.

Detailed I/M/Q
area usage
information

3 and function

block
information
display area

It displays the address usage of I/M/Q areas, including address-associated
variable information, address conflict status, information of unused
address areas, etc.

The function block information mainly includes the type and size of the
function block called in the program. It also supports functions such as
search, address range setting, and page number positioning.

The information display interface is shown in the figure below. It is divided into 4 display options,
namely %M area, %I area, %Q area, and Function block size, which display the usage information of the
corresponding areas respectively.
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1) Variable usage x|

Hint: The project is latest,not need to complie!

Frogras (B) Total size: 20971620
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Variable name: Query

Serial No Address POU

Variable name Varizble type Addr range Status

%MBO-%MBS24. .

%MB0-%aMB 5242875 Free

%MB5120000-...

sD5ik %MB5120000-%MB5173999 System used

94MBS 180000-

vl 9B 5 180000-9%MB5 219858

System used

%MB5220000-.

First page Previous page 1

RERE

%VMB5220000-%MB5242879 System used

/o Nopase Lastpace Pagesize:

3.3.3 Menu Options

Menu optionsinclude d

isplay options, query, address range settings, and page turning options.

Table 3-2 Description of Variable Usage Statistics Menu

Number Item Description
For the %M area, %l area, and %Q area, the status options include All, In
1 Display |use, System use, Conflict, and Idle;
options | For the Function block size, the status options include All, Function block,
Union, Structure, and Alias.
You can perform character matching on the names in the four columns of
) Query Address, POU, Variable name, Variable type, and Address range. If any one
options | of them matches, the condition is met.
#Note: Any changes in the query options will trigger a table refresh.
Address You can check the address range set by you according to actual needs, and
3 range the range cannot exceed the limit of the corresponding area. You need to
settings click the Query option to enable the range display.
#Note: This item is not available in the function block size interface.
To ensure the table refresh performance, you can add a maximum of 1,000
Page address segment units by default. When the data exceeds 1,000 address
4 turning | segment units, the system will use paging display. You can click Previous
options | Page/Next Page or enter a specified page number, and the system will jump
to the corresponding page.

Table options: They mainly display the usage information of address segments that meet the filter

conditions.
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Table 3-3 Description of Variable Usage Statistics Table

Number Item Description

The address area is displayed in ascending order, with the smallest unit

being Byte. When the address occupied by a variable does not conflict, it

will be displayed in the form of an address area (e.g.: %MB0-%MB3). One
1 Address . . . :
address may be associated with one or multiple variables. When there are
multiple variables, the address bar will display multiple duplicate
addresses.
2 POU All POU names of variables area displayed.
Variable
3 ! The variable name associated with the area is displayed.
Name
Variable . -
4 The variable type is displayed.
type
Add
5 ress The entire address range of the variable is displayed.
Range

The usage of the address area is displayed. When it is used, the status is In

Use; when there is a conflict, the status is Conflict; when it is free, the

status is Idle.

#Note:

® Address conflict detection is performed based on the byte position.
When different variables use different bits of the same address, the

6 State . . . . .
system will mark it as an address conflict during detection. The
specific conflict situation is based on the actual bit usage.

e  When a user-defined variable conflicts with the 10 address assigned to
the device, it only means that the same address is used in multiple
places. You can determine whether there is a problem based on
whether the actual function is used.

3.3.4 Direct Address Storage Area

For PLC data, the addresses in the %l and %Q areas cannot be saved after a power failure, but the addresses
in the %M area can still be saved. The TP2000 series programming system provides a 128kB (Byte) input area
(%I area), a 128kB (Byte) output area (%Q area), and a 5MB (Byte) storage area (%M area). The first 480kB in
the storage area can be used directly by users, and the last 32kB is the system area (mainly used as soft
components) and should not be used directly by users. During programming, you can directly access
addresses or define variables and map them to addresses for indirect access. The definition of storage areas
and the address range used by them are shown in the following table.

Table 3-4 Description of Storage Areas and Address Range Used by Them

Area Purpose Size Address Range
| area (%l) 128kB User area 64k Words %IW0-%IW65535
Q area (%Q) 128kB User area 64k Words %QW0—2%QW65535
User area 2530k Words %MW0-% MW2,589,999
M area (%M) 5MB SM components 20000 Words %MW?25,90,000-%MW2,609,999
Extended user area 11440 Words %MW26,10,000-%MW2,621439
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3.4 Fault Diagnosis

Diagnosis is intended to quickly locate errors that occur during PLC operation and find solutions according
to the error information and status. The diagnostic interface of Invtmatic Studio can only be obtained and
displayed after logging in to the PLC. The Invtmatic Studio programming system supports the diagnosis of
various communication devices and can generate fault information, offline information, and other
information according to the actual running status of each communication device. The module types
involved in fault diagnosis mainly include CPU module, Modbus, ModbusTCP, etc. The Invtmatic Studio
programming system mainly provides four diagnosis routes: configuration diagnosis, diagnostic information
list, device self-diagnostic information list, and diagnostic programming interface. All diagnoses are obtained
through fault code analysis, and the fault codes correspond to the diagnostic programming interface.

Fault diagnosis can be used to display fault information of all devices, and provide detailed description of
relevant fault information and methods for troubleshooting the causes. It can also provide more detailed
diagnostic information for special situations. After the device is connected, double-click Fault diagnosis
summary in the device tree to open the device fault diagnosis interface. The fault diagnosis interface is
shown in the figure below.

Untitled1.project® - Invtmatic Studio V3.0 V3.0.0.9---C\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
Fle Edit View Project Build Online Debug Tools Window Help

O H & 05D e Je e 3= RO OR R Er (1 #8 | Application [Device: PLC Logic] ~ ©f X
Devices v 2 x |Z] PLC_PRG X
= () Unttiedt v PROGRAM
= [ pevice (M753)
[ Auto scan 4 | END_VAR
= & P.C Logic
= 1} Application

-iJ Library Manager "
|E] PLC_PRG (PRG) '
= _‘{1 Task Configuration
& EtherCAT Task
= @ MainTask
&) pLC_PRG
\ Variable usage
[ Version relation check
B ™ _+is10 (M-+s10)
j EtherCAT (EtherCAT Master SoftMotia
@ Extcard (ScanModule)
'3 SoftMotion General Axis Pool

<

Messages - Total 0 error(s), 0 warning(s), 0 message(s)
~ |© 0 erroris) l # 0 warning(s) | @ 0 message(s) ‘ x K

J poUs | P 1 es |SP Devices Description Project Object

The functions of the fault diagnosis interface are described as follows:
o Device Type Window

It displays the current fault type and provides the fault display filter function, which can display fault
information by device type. Device types include CPU module, Modbus RTU module, and Modbus TCP
module. You can select a different device type, and the diagnostic display list will show the corresponding
type of diagnosis. All device diagnoses are displayed by default.

e  Description of Interface Options
<  Device Type: Filter a certain type of faulty bus device.
< Module Name: Filter faulty devices with a specific name.

< Search: Search for matching fault information based on the device type or module name.
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< Refresh: Used to refresh device fault information.
Clear: Clear the fault information in the table.
Export to Excel: Export fault information in the table.

Fault Information Count: Display the number of faults.

T

Fault Information List: mainly used to display specific module fault information, including device
type, module name, error code, and error name.

< Detailed Information window: When a certain piece of fault information is selected in the Fault
Information List, the detailed information of the fault will be displayed in the detailed information
window, which includes three options: Error Details, Troubleshooting, and In-depth Diagnosis.
Error Details window: Display possible causes of the fault. Troubleshooting window: used to
provide the specific operation method for troubleshooting. In-depth Diagnosis window: For some
complex errors, more detailed information is needed to locate them.

3.5 Automatic Scanning

If you need to increase the number of 10 ports, you can expand the 10 module. The steps to add an
expansion module to the PLC body in the software are as follows:

Stepl Open the Invtmatic Studio programming software, create a new project, and select the
programming language.

Step2 Connect to the PLC and scan local expansion modules. You need to log in to the PLC, but you may
not start it.

Step3 Double-click Automatic Scanning in the device tree, and click Scan in the automatic scanning
interface. Then, the installed extension modules will be automatically scanned in the list, as shown
in the figure below. Click Add to Configuration in the upper right corner to complete the scanning
and configuration addition of the expansion module.

T {84 | Application [Device: PLC Logic] ~

3.6 Cross-reference

The cross-reference function can be used to quickly find the calling location of the target object in the entire
project. The operation steps are as follows:

Step1l Find the object you want to cross-reference, right-click and select Browse > Browse cross
References:xEnCntCout.
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1] MC_Power_0
EtherCAT Master.xDistributedClockInSync  EtherCAT Master.xConfigFinished  EtherCAT Master.xError MC_Power
scis ~auis Status
TRUE —Enable bRegulatorRealState
TALSE
cut —
By Copy FALSE
Paste SHC_No FRR
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MC_MoveRelative 0
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Run to Cursor
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Display Mode
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F) Visual Element Repository

[E  Browse Cross References: bPower

. Browse Call Tree

Step2 View the usage of the “target object” in the entire project from the Cross-reference List under the
project. Double-click the information in the cross-reference list to jump to the specific usage location

in the project.

EthesCAT_Master.xbistributedClockInSyns  EchesCAT Master.sConfigfimished  EtherCAT Master
Axis —Hhxis Status
—nanle bRequlatorfenlstate
G IEMEl—bequlstoron  bDriveStarteslitate
TR ==EDriveStart Busy
C_MoveReLarive_0
_power_0.Statun -
]
Axis —
ooveRelative IR
10—
R[4 0% @
Cross Reference List
Device. Appiication. POL. bPower Q|+ ¥
Symbol POU  Varible  Mccess Tpe  Address  Lecation Object Comment
Une4(Dec)  POU [Device: PLC Loge: Apphcaton]

bower  Dedaraton  BOOL

™=~ Double-click to navigate

3.7 Monitor List

The Monitor List function can be used to monitor variables and addresses. During program running, the
Monitor List can be used to view the data type and current value of the monitored variable, and the variable
can be assigned a value by writing a value. The operation steps are as follows:

Step 1 Click View > Watch in the Toolbar, and add Watch 1 to the monitor options.

Untitled9.project - Invtmatic Studio

File  Edit
EN-— =]
=
Devices

=) undited,

n

BE DY oK

Deviees
POUs

Modules
Messages

Element properties
ToolBox

A0
Altrt
Alts2
Alt+3

View | Project FBD/LD/IL Build Online Debug Tools Window Help

B2 i~ 37 |#4 | Application [Device: PLC Logic] ~ ©F O n

S+ ™o W OE BT S
i pou x

a

Watch

Watch 1

=0

‘@

Gl

SHEET

am@

s

Cross Reference List
Call Tree
Bookmarks
Breakpoints

Call Stack

Memory

Online Change Memory Reserve Settings

Start Page

Security Screen
Store

Choose Perspective

Full Screen

Propeties.

Ctrl+Shift+F12

»

iz
B Watch2
B Waten3
B Watchd
J@  Wateh all Forees

Type
MC_Poner

BOOL
MC_MoveRelative
BOOL

EtherCAT_Master.xDistributedClockInSync

EtherCAT_Master.xConfigFinished

EThercAT_Master.xError

[ T _DAZ00_z65 (DAZOON Emercnq
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Step 2 Add the variables you want to monitor under the project bar, or right-click Variable and select Add
to Watchlist.

Expreszion Tpe alue Prepared vabue. Address Comment
¥ 8 MCPowers HE Fower

# beower Bo0L
+ @ MC_MoveRelatived M MaveRgian

@ bMovealatie

E_Bowss_o
ZenezCAT_Master.xDISTTIUTRACIOCKINSYIC  ETRErCAT_MASTer.XConfigFinished  EThercAT_Master.XError o
I o - a
Lk il i =1
Atz —Haxas Status - EOEE
TaUL =t Enable [T r————— |
Eo oo o o]
= 1 v - N
B Copr - -
4 Paste D |- [FHE_ N0
[ H
d C_MoveRelative 0
M Power_0.Status e Browse .
EN N . (64 AddtoWatchist |
Axis — - |
vvanetavive IR - B Mew Breskpoint
e | Toggle Breskpoint
- =
- A
Eao)
Unforce Al akus of ‘Deice Apglication’
Display Mode .
o h[+HQ waw
w1
Expression Application Hpe alve Prepared valve  Exeeution paint Addeess.  Comm.
 POUBFNer —— = P —

3.8 Sampling Tracking

Invtmatic Studio can display the trace curve of variable changes during program debugging. The operation
steps are as follows:

Step 1 Right-click Application > Add Object > Trace in the project tree, as shown in the figure below.

Untitled9.project - Invtmatic Studia
File Edit View Project FBD/LD/IL Build Online Debug Tools Window Help

POU for implicit checks...
Recipe Manager

S~ =] [ [ % (7 [ | Applicstion [Device: PLC Logic] ~ ©F
i war e it b W O BT H Y Do DB E[ECEES
Devices v 3 X [ Autoscan fif] Pou x
=3 Untitedd - 1| PROGRAM POU
= [ Device (M753) g 3 v
1) Auto scan 3 MC_Eower_0: MC_Power:
4, Fault diagnesis summary : bPowes: BOOL;
P ~ 5 MC_MoveRelative i MC_MoveRelative:
Pctoge = bMoveRelative: BOOL;
=G END VAR
7 b & Cut -
ALy Copy
i rq Paste
=@ ¥ Delete
> |
Refactoring y F
=EE Properties.. EtherCAT Master.xDistributedClockInSync EthermTﬁMasteﬁ
U
1) variable uaZ2 Add Object U Alarm C
[ ™7sxhst D Add Folder. €3  Application
[ FLea0100 [ Edit Object @7 Axis Group...
([ FL220100  Edit Object with... @ Camtble..
[ Extcard
a CNC program...
= [ ethercat | % Login g chp .g
settings...
=@ Wt Delete spplication from device = S
"N : Data Sources Manager... MoveRelative 0
. wr g B _Visual Eement Repository % pUT. i
B aes_1 (axis) B| Extemal File.. B ENO[—
"3 SoftMotion General Axis Pool @  Global Variable List... Done —
O Image Fool, ol
mage Facl.. Active [
=0 Interface.. Command&borted -
@ Network Variable List (Receiver).. ion Error [
@ Network Variable List (Sender)... 1o EraH
T Persistent Variables...
& POU..
@

Redundancy Configurstion.

Visualization...

— ™2 symbol Configuration... |
CrossRefer 2 Text List.
Device.ag & Trace.. 7 | Fiter by Symbol, POU, Variable, Acce
8 Trend Recarding M. —
Symbol | evs it Conversion.. Address Location Object
bPowel gy Line 4(Decl)  POU [De

Visualization Manager..

5 Devices [ PoUs
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Step2 In the pop-up dialog box, fill in a name for the trace curve, such as Trace in the figure below.
Double-click the trace curve name in the project tree to open the trace curve interface. In the upper
right corner of the trace curve interface, click Configuration. Then, a dialog box pops up as shown
below. In the Task Options box, select EtherCAT_Task.

[ ACARG |5 Matak  [{)  Faut degss smmary @ vewe ([} A @@ Trace X -

Messages - Total 0 error(s), O waming(s), 7 messsgeis) -3 x

< Trace Configuration *

Record Settings
Enable Trigger O

Trace Record

Trace

Trigger variable |
Trigger edge
Posttrigger (samples 0 200ms

Trigger Level
Task 3 EtherCAT_Task

Record condition

Presentation (diagrams)

. Comment

Time axis
= Diagram 1
Y axis

Shown variables Resolution ms w

Automatic restart O
|
Add Varizble Reset Display settings
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Step 3 Click Advanced in the Trace Configuration interface to show the Advanced Trace Settings Interface,
in which you can set Measure in every n-th cycles as the sampling period and add Trace editor
buffer size per variable (samples) to extend the tracking time.

|
i |
]

o
o
fa}
F

Trace Record

Trace

Record Settings

O

Enable Trigger

Trigger variable |

Trigger edge
Advanced Trace Settings

Measure in every n-th cycle — = |5

Recommended runtime buffer size (samples)

Presentation (diagrams)
Time axis
= Diagram 1
Y axis

Shown variables

[] Override runtime buffer size

Trace editor buffer size per variable {samples) = 20001

4
o 20ms
101 2 i
6m40s
Cancel

uLTET

Automatic restart

O

Add Variable

QK

Cancel

Step4 Select 10Config_Globals > Axis from Variables in the Trace Configuration interface, find the axis
position variable fActPosition, click OK, and then add the axis speed variable fActVelocity.

Trace Record
= Trace
-

Presentation (diagrams)
Time axis
= Diagram 1
f axis

= Shown variables
-

Add Variable
Delete Variable

Input Assistant

x
Text Search  Categories
Trace Variables a  MName Type Address Origin )
H-Dev_o
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=i @ ToConfig_Glohals
] Ax

+ 4 aCaptDesc

+- @ acycCom

*- 4P adatacydic
“p bAccelerating
4 bAvoidReversa...
“p bBrakeClosedR...
4 bCommunication
4 bConsiderLimi...
4 bConstantveb...
#» bDecelerating

Structured view

Insert with arguments

Documentation

Insert with namespace prefix
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3.9 Persistent Variable

3.9.1 Characteristics

Power failure retention variables can retain their original values after the PLC loses power or the program is
downloaded. They are often used to define important parameters in the project to prevent the loss of
important parameters due to sudden power failure of the PLC or program download. The power failure
retention feature is mainly declared through the attribute keyword PERSISTENT RETAIN.

Code example for setting a power failure retention variable:
VAR GLOBAL PERSISTENT RETAIN
iVarPersl AT $MW100: DINT;
bVarPers AT $MX1.1 : BOOL;
END VAR

The following table lists the response actions of different power failure retention variables after a reset,
power failure, or other events.

Table 3-5 Variable Response Actions

VAR PERSISTENT RETAIN
Action VAR / VAR RETAIN
VAR RETAIN PERSISTENT
Power T . - Retain the original
i Initialization Retain the original value
failure value
e e . - Retain the original
Warm reset Initialization Retain the original value
value
Cold reset Initialization Retain the original value Initialization
Initial value e e e
Initialization Initialization Initialization
reset
Program T . - T
Initialization Retain the original value Initialization
download
Online Retain the original . L Retain the original
L. Retain the original value
modification value value
Note:

e RETAIN and PERSISTENT RETAIN variables are both persistent variables, but they have different
characteristics.

e Directvariables mapped to %M addresses can be declared as persistent variables, while direct variables
mapped to %l and %Q addresses cannot be declared as persistent variables.

3.9.2 Power Failure Retention Variable List

If power failure retention variables are defined in the project, a power failure retention variable list must be
generated; otherwise, the defined variables will not have the power failure retention function. You can use
the power failure retention variable list to add power failure retention variables. The operation steps are as
follows:

Step 1 Right-click Application in the device tree, select Add Object > Persistent Variables....
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Step 2 In the pop-up dialog box, enter the name of the power failure retention variable list and click Open
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= b 753
@ SV‘:ESM ) Create a new global variable list
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J
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9 Pou prG) Paste
= & Task Configratid ) Delete
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& EtherCAT_T2
& rou Refactoring ,
=g MainTask Properties...
&) PLC_PR( -
a8 Trace [ Add Object v @ Alarm Configuration...
P Varicble usage D AddFolder.. Application..
[ ™7sx+HsIO (TM7sx-Hsi [ Edit Object Axis Group...
( FL2201 0008DR (FL2201 Edit Object with... Cam table.
[ FL2201_oo08DR_1 (FL221 % Login CNC prograrm.
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=[ EtherCAT_Master (Ether Delete application from device
= T_DA200_265 (D P Err——— Data Sources Manager...
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"3 softMotion General Axis Pool

Global Variable List..

Image Pool...

Interface...

Network Variable List (Receiver]...
Network Variable List (Sender]...

Persistent Variables... |

Add Cancel

BHEE BB S HBGEROB

POU...

You can also declare power failure retention variables directly in the power failure retention variable list, as
shown in Figure 3-3. However, this method has a disadvantage that it does not support variables defined by
direct addresses (such as MX0.0). It is recommended to declare the PERSISTENT RETAIN keyword in the
global variable list, and then right-click a blank area on the PersistentVars interface to select Add all
Instance Paths to generate an instance path in the power failure retention variable list, as shown in Figure

3-4.

#Note: Among the PERSISTENT RETAIN variables declared in the global variable list, at least one variable is
used in the program before it can be added to the power failure retention variable list.

Figure 3-3 Direct declaration of retention variables in the retention variable list

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled T\Untitled1.project

Fle Edit View Project Build Online Debug Tools Window Help
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Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\De

Figure 3-4 Declaration of PERSISTENT RETAIN in the global variable list
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3.9.3 Power-Failure Retention Mode: INVT

Power-Failure Retention: INVT Mode Settings
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When you select INVT mode, you can dynamically adjust the range of the power-failure retention area. Any

variable assigned to an address within this range must be a power-failure retention variable.
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Untitled4.project™ - Invtmatic Studio V3.0 V3.0.1.2---C:\Users\Administrator\Documents\Untitled4\Untitled4.project
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After clicking OK, any power-failure retention variables declared in other POUs will be automatically added
when you refresh or recompile the project.

B8 Untitledd.project® - Invtmatic Studio V3.0 V3.0.1.2---C:\Users\Administrator\Documents\Untitled4\Untitled4.project
File Edit View Project Declarations Build Online Debug Tools Window Help
B E @ v o~ & DB X MM N 9" 0 [R5 [ |# ) Application [Device: PLCLogic) ~ O8O , g W |[ZF2¢23 & |o M

K

Devices v B X| & ManTask | (#§ TaskConfic | S etecatTesk | § TP2oxmsio  |[8] PcPRG T Persi x|
=3 ntteds 1 1 lRairoshl Persistent mode Clear stored data Repair conflicting address
Device (TP2422-1128) |
@, Fault diagnosis summary
= @Y recLoge |
=€) Application Name Address Type Initialization Comment
) Lorary v [ @ PLC_PRGAL %MX0.0 BOOL
[8) PLc_PRG BRG) ‘ @ PLC_PRG.A2 %MX1.0 BOOL
= (@ Task Configuration @ PLC_PRGAS %MX3.0 BOOL
& EtherCAT Task |
= & MainTask (IEC-Tasks)
&) pLc_PrG
T Persistentvars
1) variable usage
1Y version relation check
# P00 HSIO (TP20xcHSI0)
[ EtherCAT_ETH3 (EtherCAT Master SoftMotion)
2 SoftMotion General Axis Pool

pr—— T [Ccosstecoda]|

Address Conflict Repair: If retention variable addresses are duplicated, a compilation error will occur. You
can use this function to adjust the addresses.

B untitledd.project” - Invimatic Studio V3.0 V3.0.1.2--CAUsers\Administrator\Documents\Untitled4\Untitled4.project
fle Edit View Project Build Onlne Debug Tools Window Help
BEEI& o o F B X dth M S N [E [fa- [T | | Application [Device: PLC Logic] - & & ) m % |[=

SR AN TEaL”

Devices v B % | h MarTask |48 TaskC therCAT Task | TP2oo HSIO PICPRE T Persistentvars x
= Untited =]/ Refresh Persistent mode Clear stored data [Repair conflicting address |
= [ Device (TP2422-1128)
o D e re] Generate Cade
4, Fault disgnosis summary
=3 PLC Logic r
Bl nctog i G Conflict address repaj - o x
=} Application
M Ly
PLC_PRG (PRG) Name Address Type Address range Suggest
= ;is"c“"ﬁg“’a““" X0.0 BOOL % MBO-%MBO |
£ EErCAT_Task (NewGrour) PLC_PRG.A2 MX0.0 BOOL %MBO-%MBO wmxio ||
%2 MainTask (IEC-Tasks)
- PLC_PRG.AZ 0.0 BOOL %MBO-%MBO w3 ||
i PLC_PRG
T rersstentions [ —

Varisble usage
Version relation check

# P20 _HSIO (TPBo0eHSIO)
EtherCAT_ETH3 (EtherCAT Master SoftMotion)
-2 softMotion General Axis Pocl
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Recipe Integration in Power-Failure Retention INVT Mode

In INVT mode, power-failure retention variables can be directly associated with recipes, eliminating the need
to configure them separately in the recipe manager. This feature allows you to quickly create and delete
recipes, and perform the following operations: current value -> initial value, recipe -> current value, current
value ->recipe, clear initial values, clear all addresses, import the recipe, and export the recipe.

Untitled4.project” - Invtmatic Studio V3.0 V3.0.1.2---C\Users\Administrator\Documents\Untitled4\Untitled4.project

Fle Edit View Project Build Onlne Debug Tools Window Help
S~ #h 3 dh Y fe (7" | | Application [Device: PLC Logic] ~ ©F + |
Devices >~ B X 2 MainTask [ Task Configuration & EtherCAT Task # P00 HSIO PLC_PRG T PersistentVars x
=) Unbtieds ¥ | Refresh Persistent mode Clear stored data  Repair conflicting address

=i Device (TP2422-1128)
o o After the codeis successfully campiled,the child nodes will be expaned normally! Generate Code
%, Fault diagnosis summary
= EMll pLC Logic L
- £} Application Name Address Type Initialization  Comment
0 Liorary Mansger @ PLC_PRGAL SaMX0.0 BOOL
PLC_PRG (PRE) @ PLCPRGAZ  %MXLD BOOL —
- aste
= (& Task Configuration @ FLC_PRG.A3 %MX3.0 BOOL :
& EtherCAT Task (NewGroup) Add recipe
=8 MainTask (EC-Tasks) Delete recipe
& pLc_prG Current value -= initial value
T Persistentvars Recipe -= current value
[ variable usage Current value -> recipe
[) version relation check Clear All Variables Initial Value
# TP2xx_HSIO (TP2xxx-HSIO) Clear All Variables Address
[ EtherCAT_ETH3 (EtherCAT Master SoftMotion) mport the recipe
"3 SoftMotion General Axis Pool Export the recipe
@] Visualization Element Repository

Add a recipe.

B untitleda.p Studio V3.0 V3.0.1.2---C:\Users\Administrator\Docu eda 4
Flle Edit View Project Buld Online Debug Tools Window Help
S EH & v B [ O 9+ [ ¥¥ | Application [Device: PLC Logic] + ©% o |HE
Devices -~ B X £ MainTask [#8  Task Configuration 8 EtherCAT Task §  TP2ox_HSIO PLC_PRG T Persistentvars x
=5 Untited T| ' Refresh Persistent mode Clear stored data Repair conflicting address
= [ Device (TP2422-1128)
2L, Fault diagnosis summary After the codeis successfully compiled,the child nodes will be expaned normally! Generate Code
= Bl PLC Logic
= £} Application Name Address Type Initialization Comment
i Lbrary Manager @ PLC_PRGAL %MX0.0 BOOL
FLC_FRG (FRG) @ PLCPRGAZ  %MXLO BOOL
=8 Task Configuration @ PLC_PRG.AZ %MX3.0 BOOL
5 EtherCAT Task (NewGroup) 2, New Recipe %
=¥ MainTask (IEC-Tasks)
&) pLC_PRG Name: ] |
M=t Copy from existing: | Create empty recpe v
[ variable usage
1) Version relation check Cancel
# TP200c HSIO (TP B00c-HSIO)
[ EtherCAT _ETH3 (EtherCAT Master Softiotion)
‘& SoftMotion General Axis Pool
Edit the recipe.
Untitledd.project” - Invtmatic Studio V3.0 V2.0.1.2---C:\Users\Administrator\Documents\Untitled4\Untitled4.project
Fle Edit View Project Declarations Build Online Debug Tools Window Help
=== =) & B RN R i~ (3" | ¥4 | Application [Device: PLC Logic] ~ @ > |HE
Devices > 3 Xx & MainTask [#8 Task Configuration i EtherCAT Task $  TP2ou HSIO PLC_PRG T PersistentVars X
=3 Untitled4 ~||: Refresh Persistent mode Clear stored data Repair conflicting address

=[] Device (TP2422-1128)

%\, Fault diagnosis summary

Afterthe codeis succassfully compiled,the child nodes will be expaned normally!

Generate Code

= &1 PLC Logic

2} Application Name Address Type Initialization
) Lirary Manager @ PLC_PRG.AT %MXD.0 BOOL
BLC_FRG (FRG) @ FLC_PRG.A2 %MXL.0 BOOL
& PLC_PRG.A3 2LMX3.0 BOOL

=-{# Task Configuration
8 EtherCAT_Task (NewGroup)
=g MainTask (IEC Tasks)
] PLC_PRG
T PersistentVars
[ Variable usage
[ Version relation check
# P20 HSIO (TP2xxxHSIO)
[l EtherCAT_ETH3 (EtherCAT Master SoftMotion)
& softMotion General Axis Paol

Comment

Al

B
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Clear the stored power-failure retention data.

Fle Edit View Project Declarations Build Online Debug Tools Window Help
fedE & dh 0 A8 0 £9- (3 | | Application [Device: PLC Logic] ~
Devices - 3x PLC_PRG B s (7 Device (7] FL1001_160001
=[3] TM753 Test ~||: Refresh Persistent mode |Clear stored data| Repair conflicting address
= 1) Device [connected] (TM753)
Afterthe codeis successfully compiled the child nodes will be expaned normally!
[ Auto scan
"\, Fault diagnosis summary
= Bl PLcLoge Nam.e Address Type  Initigliz.. Value
~ €} Applcation fran] @ rLc_Preal %MX0.0 BOOL
) Library Manager @ rcprear %MD BOOL
PLC_PRG (PRG) @ rLc_PrRG.A3 %M2.0 BOOL
= [#8 Task Confiquration @ PiePrRGA: mMGD BOOL
% EtherCAT_Task

T Persistentvars
[ Variable usage
[ Version relation chedk
W ™ Hs1o M-HsIo)
A FL1001_150001 (FL1001-160001)
& [f] EtherCAT (EtherCAT Master SoftiMotion)
[ ExtCard (ScanModule)
"3 SoftMotion General Axis Pool

% rom

8 EtherCAT Task

[ EthercAT

T Persit

Generate Code

=2 MainTask
&) pLc_prG

3.10 Recipe Manager

Prep.. Comment Al

Invtmatic Studio V3.0

o PLC is running, it only stop PLC to clear values, continue?

EoE

A recipe is a set of parameter values that provides the information required to produce a product and control
the production process. For example, the raw materials of biscuits such as sugar, eggs, butter, and flour,
baking time, and other parameters. Recipes can also be used to set and monitor PLC control parameters.

In order to save the information required in the production process, you can read recipes from the PLC, write
data to it, load recipes from files, or save recipes as files. These interactions can be achieved through the
view elements that have been set up.

Step 1 Right-click Application in the device tree, and select Add Object > Recipe Manager to add a recipe
manager, as shown in the figure below.

Untitledd.project* - Invtmatic Studio

File Edit View Project Buid Online Debug Tools Window Help
=== dh 042G v (7 % | Application [Device: PLC Logic] -~ @
Devices > 3 X |1 Device x
=5 unsteds -
= @ Deviee (757 Communication Settings Scan Network... | Gateway ~ | Device -
[ Auto scan applications
Q) Fault diagnosis summary 5
=Bl PLC Logic Backup and Restore
= Aol gy ot ®
LA
™ Copy Gateway
Paste
m -1 ~
X Delete =
| 1P-Address:
- @ Refactoring 3 localhost
=By Properties.. Alarm Configuration... Port:
£ Application... 217
i1 Add Object B ..
= T 3 Asis Group
3 Add Folder.
e AN 8 Camtable..
[ Edit Object
& . & CNC program..
Edit Object with... ;
T 4 CNC settings..
1 varisble | %5 Login &®  Data Sources Manager..
[ ™75 Delete application from device % DUT.
@ rann &) Visual Element Repositary EErias
@ Fazo | = 2 e @ Global Variable Uist..
[ Extcard (Modulescan) Image Pool..
= [ EtherCAT Master (EtherCAT Master So B ierfuce.
. C Refel "
[ mom_pa200 265 EA0NEtherC | |[CrOSRERMENCE o ok Variable List (Receiver..
. Axis (Axis) Device. Applica “ Network Variable List (Sender). fer by Symbal, POU, Variable, Access, Type, Address, Ot
= (] TWT_DA300_101 (DA300- EtherC -
B s 1 (i) Symbol & POU.. ccess Type Address  Location
- 8] POU for implicit checks..
- Recipe Manager...
52 Devices [[) POUs LY 5
= @ Redundancy Configuration...
[B messages - Total 0 error(s), 0 warning(s), 0 messagels) "2 Symbol Configuration.
D oreaii Lastbuid: € 0 © 0
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Step 2 After adding a recipe manager, you need to set the manager name. Click Open to show the
configuration interface of the recipe manager in the figure below.

[ Device 4, Recipe Manager X

Storage  General

Storage type | IEAE] |v|

Binar’
(R = ————

File extension .txtrecpe

Separator

() Tab () Semicalon () Comma

() Space 0:= (8]

Available Columns > Selected Columns

'b Type o 'b Variable

'b Name 'b Current Value

'b Comment =

'b Minimal Value

'b Maximal Value <<

Save as Default Up Down

Storage Type: You can select Textual or Binary storage type.

File Path: You can specify the storage location through the file path, or define the file extension for storing the
recipe; the storage of text will be separated according to the selected separator, and the separator is only
effective when the Textual storage type is enabled.

Available Columns: The right side contains the columns defined for the current recipe, i.e. Selected Columns,
and the content of the selected columns will be stored. You can click the icon button or to shift
between Available Columns and Selected Columns. You can also shift all entries from one side to the other

at once by clicking the icon button [ =] or [=<]. Theicon buttons » and @ can be used to adjust the

order of the selected columns, which represents the order of the columns in the storage file.

Step 3 After the Configuration page is set up, right-click Recipe Manager in the device tree and select Add
Object > Recipe Definition... to add a new recipe definition, as shown in the following figure.

Devices - 1 x [ Device x
=3 Uniitied? A
= [ Devie (u7s3) Communication Settings Scan Network...  Gateway -
D Auto scan Applications
O‘ Fault diagnosis summary
= @Q PLC Logic Backup and Restare |
=} Application
@ o Files
m Library Manager Log
PLC_PRG (PRG)
POU {PRG) PLC Settings
R Redpe Manager
Cut
= @ Task Configuration
By
= & EtherCAT Task Copy
&) pou Paste
= @ MainTask ¥ Delete
&) PLC_PRG Browse »
] -
& Trace Properties...
T PersistentVars
[ variable usage ‘ i3] Add Object 4 | 4, Recipe Definition... “

[ 75K HSIO (M75K He1o) | () Add Felder..

[ FL2201_0008DR (FL2201-00q (1 Edit Object

[T FL2201_0008DR _t (FL2201-G Edit Object with...

[ extcard (Modulescan) ] Visual Element Repasitory

S R I
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Step4 Set the name of the new recipe and click Open to show the added recipe in the figure below. You can
right-click a blank area and select Add a New Recipe to configure different recipe values. You can
also select a recipe value (such as recipe 1) and right-click it to delete, load, or save the recipe, as
shown in the following figure.

[ Device /U, Recipes x v | TooBox v R X
Variable Type MName Comment  Minimal Val.. Maximal Va.. Current Val...

F==

Paste

Insert Variable

Add Child

Add Sibling

Update Structured Variables

KN(}*—”E&VV@'W

Add a New Recipe

Remove Recipe

Load Recipe...

Save Recipe...

#] VWisual Element Repository

&J Pl@ Visu...

In addition to editing recipe files directly on the interface, you can also add “Recipe Management” library files
and use code to create, delete, load, and save recipes.

(@ Device |3 Recpes /(i) Library Manager x
|E3 Add Library 3 Delete Library | Properties 75 Details 5] Placeholders | ffflLibrary Repository @ Icon legend...

Name Namespace Effective version
& [ 10DrvEtherCAT = 10DrvEtherCAT
[ IoStandard = loStandard, 3 ToStandard

% || RecpeManagement = Recipe Management, 3.5.15.0 (System) | Redpe_Management

lutions GmbH)

Smart Software Solutions GmbH) IoDrvEthercatlib

jons GmbH)

@0 sm3 rrive ETC M. lirGume mr 46 1007 - Smart Snfhuzrs Gel tiane Gmb)  SM3 Mrive ETC NS409 CudirSune

= 5] Recpe Management, 3.5.15.0 (System) - Inputs/Qutputs  Graphical Documentation
# |2 General Types
+(2) Interfaces

METHOD CreateRecipeNoSave

@ rewmysies Name Type  Inherited from Address Initial  Comment
= ] RecpeMancommands " CreateRecipsNosave  DWORD
+-2) private 4y RedpeDefinitorMame  STRING Name of the recipe definition
54 CreateRecipe " RedpeName STRING Name of the recipe

(54 ‘Ereal‘eﬁeup&NuSaue

[} DeleteRecipe

4 DeleteRedpeFile

4 GetiastErmor

S Gettastinfo

4 GetRecpeCount

[F4 GetRecpenames

54 GetRecpevalues

[ GetRecipevariableNames
4 LoadandwiriteRecipe

[} LoadFromAndwriteRecipe
[ Loadrecipe

4 ReadAndsaveas

%4 ReadAndsaverecpe

4 ReadandsaveRedpeas
4 ReadRecipe

4 RegisterDatasourceRecpeDefinition
4 ReloadRecipes
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Step 5 After adding a recipe, you need to define the variables that the recipe needs to use in the program,

and then insert the variables into the recipe and click .
Devices - 1 X [l Device 3, Recipes x [[fl] Library Manager @ e ~ || TooBox « 1
=3 Untted? Variable Type Narme Comment Minimal Val.. Maximal Va... (
= i [
ﬂi Device (TM753) E] [
D Auto scan
2 Fault diagnosis sumr l
=B PLC Logic Input Assistant X
=03 . P
4 Application Text Search Categories
@ on
i) Library Man \m‘ 4 Mame Type Address Ori¢
PLC_PRG (F =i} applicaton
] pou FrG) S @en
= 4, Recipe Man # bMoveRelative
Q Recipes % bPower
= Task Config @ Irvel
=% EtherCl +- @ MC_MoveRelative_0
& rol +- % MC_Power_0
=585 MainTay +-T PersistentVars
& P + {} BPLog
& Trace +-Devi_o
T Persistenty; + 2D evL_sm
D Variable usage = “ IoConfig_Globals
[ TM7sx-HSIO (TM7S; + {} IoDrvEthercatiib
[ FL2201_00030R (FL +-{} sM3 Basic
=R
8 structured view Filter 'None ~

2 Devices D POUs

B Messages - Total 0 error{s), 0

Documentation

Insert with arguments [:] Insert with namespace prefix

After the variables are inserted, you can fill in the parameters in Recipe 1 and Recipe 2, as shown in the

following figure.
m Device Q Recipes X m Library Manager a GVL
Variable Type Name Comment Minimal Val.. Maximal Va.. Current Val.. Recipe2 Recipel
Irvel LREAL 20 10
bMoveRelative BOOL 0 ]
bPower BOOL 1 0

After login online, you can click Write Recipe to write the currently selected recipe value to the controller, or
click Read Recipe to read the current value from the controller into the recipe, as shown in the following

figure.

|7 Device

3, Recipes

=

% i Library Manager

Changed recipe definition configurationwill be transferred with the next downlaad or online change

Variable
Irvel
bMoveRelative

bPower

Type  Mame  Comm.. Minim.. Ma..

LREAL
BOGL
BOOL

Current Value

Recipe2 Recipel
E) 10

FaLS 0

FALS! Gut
Copy

Paste

Delete
Select All
Browse >
4 Insert Variable
% Add Child
% Add Sibling
Cp Update Structured Variables
2, Add a New Recipe
D, Remove Recipe

s

X Save Recipe..

Load Recipe..

“» Read Recipe
&% Read and Save Recipe ..

M Write Recipe
% Load and Write Recipe...

&, Upload Recipes from Device

il New Breakpoint...
Toggle Breakpoint
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3.11 Symbol Configuration

The symbol configuration feature is used to configure project variables as symbols that require special
access. With these symbols, variables can be accessed by external applications, such as an OPC server. If you
select Generate Code in the Compile menu bar, a symbol configuration file (with the suffix *.xml in the
project directory) is generated. The naming method is as follows: device name + application name.xml,
which contains the description of the symbol. For example, import the XML into the HMI for label
communication and access to variables.

Right-click Application in the device tree, and select Add Object > Symbol Configuration.

Devices ~ 8 x| [f pevice x
=0 unaeds - Scan Network... | Gate D
can Network... || Gateway - | Deviee
O p— Communication Settings
[ Auto san Applications
2 Fault dagnosis summary
= 20 pLC Logic Backup and Restore
=1L} Applica™
Cut
@ on| & .
i Lbr Copy
PLC, rase [catew
Delete
i) poy X Delete 1P-add
= Red  Refactoring B focalhe
2 2 Properties.. o
=3 Tasl
- Add Object 3 Alarm Configuration...
& Add Folder.. Application.
-& [§ Edit Object Asis Group.
Edit Object with... Cam table...
& T2 08 Login CNC program.
T Fer — N CNC settings...
Delete application from device
) variable usat Data Sources Manager...
(@ M7scHsid #] Visusl Element Repository R
[ FL2201_0008DR (FL2201-0008DRY| | | e External File.

[ FL2201_0008DR_t (FL2201-00080K
[ ExtCard (ModuleScan)
= [ EtherCAT_Master (EtherCAT Mastel
=@ mwT_Daz00_265 (DA200-N EH
H  Axis (Axis)
=@ mwT_DA300_101 (DA3DD-N EH
H  axis_1 (Axis)
2 SoftMotion General Axis Pool

Global Variable List...

Image Poal...

Interface...

Network Variable List (Receiver).
Network Variable List (Sender).
POU...

POU for implicit checks..

Redundancy Configuration..
Symbal C:
Text List..

Trace.
Trend Recording Manager...
Cross Reference List Unit Conversion...

Device. Application. GVL.b! Visualization...

.

BEiga0leRBeR 8BS N2CEROR

Visualization Manager..

After selecting symbol configuration, a pop-up window appears as shown below.

Add Symbol Configuration X

Create a remote access symbol configuration.

Name

Symbol Configuration

Include comments in XML
@ Support OPC UA features

Client Side Data Layout
() Compatibility Layout
© Optimized Layout

Add Cancel
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Table 3-6 Description of Symbol Configuration

Option Description
Include commentsin XML | The exported XML contains comments assigned to variables
Support OPC UA features | The symbol variables can be accessed by OPC UA

Compatibility layout

The offset size is consistent with the type member definition. If the
type member does not fully support symbol access, the offset size is
the actual compilation offset, and there will be a blank in the middle

Optimized layout

The offset is calculated based on the selected type member, and no
offset calculation will be performed if the type member is not
selected.

Symbol configuration-Settings

After generation, the Symbol Configuration Settings interface is as shown in the figure below.

m Device
View -

Build

]

<I>

V'Execute "Build" comm

Changed symbal configy

Symbols

B2 symbeol Configuration x

[ settings | Tools -

Support OPC UA features Build Details...
Indude Comments in XML
Indude Node Flags in XML

Members Comment

E3 |:| Constants |

Configure comments and attributes. ..

+ (5] evL
-7 IoConfig_Glo
+-[7] |E] Persistentva
+-[][E] spbo_spsit
+-[7] [§] sp1024_sD1
+-[7] 5] sbis36_sD2
+-[[E] spz04s_spz2

Configure synchronisation with IEC tasks...
Optimized Layout -

Use empty namespaces by default (v2 compatibility)
Enable direct 10 Access

Indude call information in XML

Enable Symbol Sets

Tl N ]

The configuration comments and attributes are as shown in the figure below. The upper left side shows the
data downloaded to the PLC, and the upper right side shows the exported XML data format.

| Comments and Attributes

Symbol Table Contents

8 Enable extended OPC UA Information

| [ Include comments [ ] Include attributes

Select Comments

(O Include docu comments:

O X

¥ML Symbol File Contents
[ Include namespace node flags
@ Include comments ] Include attributes

[J Alsoinclude comments and attributes fortype nodes

[lf They start with triple slash and are usually
{/f formatted in ReST (library documentation)

(O Include normal comments:

(* IEC [ Pascal style comments *)
[ C++-Style comments with double-slash

() Always include both types of comments

O Prefer docu comments, fallback to normal ones

() Prefer normal comments, fallback to docu comments

Cancel
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Table 3-7 Description of Symbol Configuration Comments and Attributes

Option Description
Generally, symbols represent variables, and symbol attributes
represent variable characteristics (Attribute information).

Symbol

Comment format It indicates the comment download or display format.
It indicates which attribute information is included when the XML file is
exported or downloaded to the PLC.

Attribute matching

Symbol: Generally, symbols represent variables, and symbol attributes represent variable characteristics
(Attribute information).

Comment format: It indicates the comment download or display format.

Attribute matching: It indicates which attribute information is included when the XML file is exported or
downloaded to PLC.

Four matching rules: Include all attributes, Match simple identifiers, Include attributes starting with:, and
Filter Attributes with regular expression.

Configure synchronization with IEC tasks: In the Device Properties options, select whether to synchronize
with IEC tasks when other interfaces access symbol variables. Access cannot be made during IEC execution
to prevent variables from being out of sync.

Properties - Device X

Common  Access Control  Options

3

Maonitoring Interval (ms) 200 =

Interactive Login Mode
*) None

Symbol Configuration
[C] Access variables in sync with [EC tasks

If enabled, the jitter for all IEC applications on the device
may increase!

®  Symbol Configuration-Tools

You can use it to save the file in XML format to export an XML data model, which can be used as a reference if
a third party parses symbols offline

(1) Device "2 symbol Configuration X

view - | [#¥puld | (2 settings - |Tooks -

Changed symbol configuration will be t |<!> Save ¥ML Schema File... ||

Symbols Access Rights  Maximal  Attribute  Type Members  Comment
%[0 Constants Gets the current XSD Schema file for the generated symbaol XML file, so it can be used with 3rd party tools. |
=¥ [E][evc |

[F # MC MoveRelative 0 S ] MC MeveR elative
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®  Symbol Configuration Process Example

Create new global variables bLatch and iMasterYout, and apply at least one of them in the user program, as
shown in the figure below.

[fl Device B8 Symbol Configuration

1 Af{attribute 'gualifi
Bz VAR GLOBAL
MC Power (: MC Power;

@ 6L x

only'}

(5]

MC MoveRelatiwve 0: MC MoveRelatiwver

m

7| END VAR

5 | [cumE resststent

10 LPowsr: BOOL;
11 kEMoweRelative: BOOL;
12 1xrVel:LEEAL;

13| Exp vay

#Note:

e Ifanyvariablein a single global variable list is not used in the user program, the corresponding variable
list will not appear in symbol configuration unless one of the global variables is called within a PRG
task.

e If any declared global variables contain Chinese variables, you need to go to Project Settings—
Compile options, and enable UTF8 Encoding for STRING.

The steps to configure the sample are as follows:

Step 1 After adding Symbol Configuration in Application, check Include comments in XML, and click
Build > Build in the upper Toolbar. At this time, the corresponding variable list and variables appear
in the right symbol configuration. Check the variable list to be configured, configure the
corresponding access rights (read-only, write-only, read/write), and select Build > Generate code in
the upper Toolbar.

Untitled9.project™ - Invtmatic Studio
File Edit View Project | Build | Online Debug Tools Window Help

Jﬁn =] # Build F11 = j" i Application [Device: PLC Logic] ~ :’ﬁ
Rebuild

- | Generate code |
Devices

jon x| @ G

Generate runtime system files...

=2 Lintited? ~ Tools -
= ﬂi Device (TM753) Clean transferred with the next download oronline change
0 Auto scan Elaanil Access Rights  Maximal  Attribute  Type Members
O, Fault diagnosis summary [ Constants
=& PL.C Logic H vl

=4 APpIkmtion [ # MC_MoveRelative 0 4 MC_MoveRelative
@ o [T] # MC_Power_o " MC_Power
m Library Manager # bMoveRelative 5’ -5’ BOOL
PLC_PRG (PRG) # bPower Ty L™ BOGL
B Pou pre) # Irvel k) ) LREAL

= R i)ecipe: E‘I_a-n-ager =[] IoConfig_Globals

Step 2 You can find the generated file with the suffix .xml in the directory folder where the project is located,
which is imported into the touch screen for label communication, as shown in the figure below.
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R == b B Fl
D Untitled9.project.~u 7/ ~ ) i 1 KB
|t Untitled9.Device.Application.xml| 7/23/2024 8:36 PM Microsoft Edge ... 2 KB
& Untitled9.project 7 CODESYS project 455 KB

Step 3 After completing the above steps on the PLC, taking VS-102QS touch screen as an example, open the
HMITOOL software, click New Project, Select “VS-102QS” as the Model, “Ethernet Port” as the
Connection Port, and “CodeSys” and “CodeSys TCP V3 Communication Optimum” as the
Connectivity Service, as shown in the figure below.

B New Project x
)

Project Properties

Project Name: Test

Path: | C:\Users\Administrator\Desktoph

Size/Series: |10.2 R CLER Y S-102QS

Show Model: Horizontal v

Model Parameters
Remote: NO
Size: 102 inch
Pixel: 1024x600 Pixels (VGA)
Color: 262,144 Colors TFT LCD
Memory: 12M
Power: DC24V(+/-15%)
COM1: RS232
COM2: RS422/R5485
COM3: RS485
CAN: None
LAN: RJ45
USB: 2 Ports B-type/A-Type

Back Next Cancel
B Communication Port Properties ? X
General Parameter
Link ID: |3

Link Interface: |Ethernet

Link Name: CodeSys TCP W3 Communication Optimum
HMI Site: Local o Setting  ster—slave mode) port:l
Connection Services: CodeSyz =

@ Network port IP address

Hotes

the 4G/YIFI module.

Ip: [1g2 o168 .1 - 100
) nport Protocol ta
Subnet mask: [oe0 J255 - 255 -0 ? )
Gateway: 192 . 168 .l .1

Pleaze uze the<DIF Switch 1+3 Function Settings¥in the<Function Button®or usze
the<Configurationrin the<RKemote Configuration Tool»to update the parameters of

cancel
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Step4 Click Import Communication Labels, select the XML label just generated, and click Open. If
Imported successfully is displayed, click OK, as shown in the figure below.

General Parameter

Link ID: |3
Link Interface: [Ethernet
Link Name: CodeSyzs TCP V3 Communication Optimum
HWI Site: Local o Setting pter—=slave mode) port:l

Connection Services: CodeSys ~ | |CodeSys TCP V3 Communicati -

Network port IP address

HMITool *
Ip: (192

Subnet mask: [5pp ! Imported successfully 1port Protocol tag

Gateway: [jgo {L

Notes

Pleaze uze the<DIP Switch 1+3 Function Settings»in the<{Function Buttonror use
the<Configuration’in the<Remote Configuration Tool>to update the parameters of
the 4G/WIFI module.

ok ] cancel

Step 5 Set the IP address of communication parameters to “192.168.1.10” and Port number to “11740”, and
then click OK, as shown in the figure below.

Communication Port Properties [4 x

General Parameter

Connected equipment ip Other

TP Address: [0 o] ] Jo HMI Address: |0 3

Fort number: 11740 Plc station: |0 =
Communication time: |5 + (ms)
Overtime time 1: 1000 3 (ms)
Overtime time 2: |§ + (ms)
Retries: |3 ~
Address mode: |Standard Mode b
PLC address interwal: |32 ~

Spare szet parameters
Spare parameter 1. |0 Spare parameter 3: |0

Spare parameter 2 |0 Spare parameter 4: |0
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Step 6 Select Input Box in the figure above, and bind the corresponding PLC address, as shown in the
figure below. After completion, label communication can be implemented.

Element type General Picture

Advanced  Tisibility

et B e cotor: [ cotoc: [

ID: HDOOO3
FG Coloxr

| Text color: \

View
Pattern:

Data Type
58585888 Pisplar Trpe

Monitor Address
[ Offset

[ Address Entry

[Jse1id
64-Eit Floating Foint
84-Bit Floating Foint

3/4pplication. GVL. 1rVeln

Pronpt
Standard
Function: Honitor

Register valus Ethernet
while change

Address library
~ Label:

g ICF ¥3 Commmication Optimum > Address:

Application. GVL. 1rVell ~ Datalype:

3.12 Task Configuration

Each PLC application (project) contains “Task Configuration”

ENT
4ddress 1it

Shape

7 x EHeation
o-suppression
o Header

ice Header

cel Help

in the project directory tree. In Task

Configuration, one or more tasks can be defined to control and execute the application in the controller.
After a “task” is configured, a series of programs or function blocks can be executed cyclically or triggered by
a specific event to start executing the program. A task can call one or more program blocks (POUs). By
setting priorities and conditions for tasks, you can define the order in which the tasks are processed. You can
also configure a watchdog for each task, and the controller will prompt an exception when the execution

cycle of the task is too long.

3.12.1 Adding a Task

After creating a new project, Invtmatic Studio will automatically add Task Configuration, the automatically
generated tasks are shown in the figure below.

Devices

* o X

=5 untitedo -
= [f] Device (rM753)

D Auto scan

D, Fault diagnosis summary

=B PLE Logic

=1L} Application

@ on
m Library Manager
PLC_PRG (PRG)
b¥] pou prG)

= ﬂ Recipe Manager

Q Recipes

it Szmbol Conﬁguraﬁon

= @ Task Configuration |

=58 EtherCAT Task

8 rou

=38 MainTask

) pLC PRG

@,ﬁ Trace
TI' PersistentVars
D Variable usage
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If you need to add a new task, you can right-click Task Configuration and select Add Object > Task. After
entering a custom task name in the pop-up window, click Open to add the task, as shown in the figure

below.
Devices >~ 0 X [{] Devie ™2 Symbol Configuration
=gl Untiteds ¥ || Monitor variable Usage System Events Properties
= (0 Device (M753) Task Status IEC-Cycle Count  Cy
D) Auto scan FI EtherCA. .
Q Fault diagnosis summary 5} MairiTask
=Bl pLcLogic
=} Application
@ on

ffif) Library Manager
PLC_PRG (PRG)

¥ pou (PRG)
=M, Redipe Manager
Q Recipes
™8 symbol Configuration
= Task Cor i
=g Ether Cut
B rq Copy
= & MainT4 Paste
) pg K Delete
& Trace Properties..
T Persistent =
+1  Add Object r|[E Task.
1 Variable usage
2 Add Folder...
([ 7SSO (Mg
(7" Edit Object
[ FL2201_000EDR (F o )
m FL2201 00080R_1 Edit Object with...
m ExtCard (ModuleSci 8]  Visual Element Repositary

=-[T) EtherCAT Master (EtherCAT Mas
= [ mwT_pa200_265 DA200N E
H s (Axis)
= [ mwT_pA300_101 (DA3DONE
M axis_1 (Axis)
A SoftMotion General Axis Pool

Add Task *

%:ﬁf An IEC task

Name

Add Cancel

3.12.2 Task Settings

After opening the newly created task, the Settings interface shown in the figure below appears.
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m Device

Configuration

g@ Task X

Priority { 0..31 )z 2

Type
| Cyclic w

Interval (e.qg. t£200ms) 20

Watchdog

[JEnable
Time (e.g. t#200ms)

Sensitivity 1

a4k Add Call Remaove Call [# Change Call Move Up Move Down

Open POL

ms

POU Comment

Priority: 0-31. The larger the value, the lower the priority, and 0 indicates the highest priority.

Type: Task type and its execution logic. See the table below for details.

Table 3-8 Task Type

Type Execution Logic Variable
. The task is executed cyclically according to the L
Cyclic . Time interval
set interval
The task starts execution at the rising edge of
Event the set global variable associated to the trigger Trigger variable

event

The task automatically starts execution at the
beginning of the program and at the end of the
complete process in a continuous cycle

Freewheeling

When the set global variable is TRUE, the task

State .
starts execution

Trigger variable

Watchdog: If a task exceeds the currently set time of the watchdog, the task will be suspended in an
error state (exception). The application in which the task with the error occurs and its child applications
will also be suspended. All tasks of the affected application will also be stopped. The watchdog-related

settings are detailed in the table below.

Table 3-9 Watchdog settings

Option Function
Enable It is used to enable the watchdog function
Time It is used to set the watchdog timeout period
. Itis used to set the value, that is, trigger the watchdog after exceeding the set
Sensitivity . .
time by several times

POU call: You can set the POU called by the task, and the order of POU calls will be affected.
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3.12.3 TP Series Multi-core Task Configuration

The TP2000 series PLC supports dual-core configuration. In the Task Configuration interface, there are 2
task groups by default. You can add task groups as needed, which can be assigned to use Core 0 or Core 1.
You can assign a priority to each task. Generally, it is required that the ETH3_Task containing EtherCAT_Task
be configured as Core 1 for better real-time performance.

[#4 Task Configuration X | §& EtherCAT_ETH3 Task
Task Groups Monitor Variable Usage System Events Properties
&k Add Group Remove Group

Group Name Core Priority
= IEC-Tasks 3
& EtherCAT_Task o
@ MainTask 1
= ETH3_Tasks 1 v
& EtherCAT_ETH3_Task gequentiallv pinned 0
2
3

#Note: The TP2321 is a dual-core model where EtherCAT is bound to Core 1, while all other tasks run on Core
0. The TP2422 is a quad-core model where EtherCAT is bound to Cores 2 and 3, with other tasks running on
CoresOand 1.

3.13 Toolbox

The toolbox contains basic instructions, extended instructions, motion control instructions, and more. Use
the toolbox as follows:

Select View > ToolBox.

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\1 1\Untitied 1\Untitled 1 project

file Edit | View | Project Build Online Debug Tools Window Help

@ & g% Devices Alt+0 2= M 9 %R M iy (57 #8 | Application [Device: PLC Logic] ~ ©f
) POUs Alt+1
¥ Modules Alts2
Bl Messages Alt+3

Devices.

= (3) Unttied] 2
= (@ Dew( @ _Element properties AR (]

y
L p  Watch , PO
- @0 Cross Reference List

G x| @ v T Persistentvars -

S .«{; Classic Cross Reference List —
# Call Tree
3 Bookmarks
@ Breakpoints
& Call Stack
Online Change Memory Reserve Settings
B] Start Page
Q@  Security Screen

oLl B Full Screen Ctrl+Shift+F12

W& Properies..

Fe  AAssisted

e Choose Perspective »

2 s Show memory view W @
Open Memory Scan :

B View memory usage

&) Visualization ToolBox 0.9 o6, 0 0els)

- J - [© 0 error(s) [® 0 warning(s) [@ 0 message(s) | X ¥

The toolbox contents are displayed on the right side of the interface.
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Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled 1.project - *
EFle Edit View Project Build Online Debug Tools Window Help 4
A & R X (MM N 9 M@ iEe (5§ | Application [Device: PLC Logic] ~ Q8 O ) w W[z cz 2 F o M A
Devices > 8 X | (5 PCPRG x @60 | T Persstentvars ~| IR% L
=3 thiitedt 1  PROGRAM PLC_PRG E__\ Search... v -
= (@ pevice (753 - O my ravorite
D) Auto scan 4 | END VAR
@, Fault diagnosis summary
= B PcLoge o F Insert “IF" statement
= € Application 100 % g R & FOR Insert "FOR" statement
@ on T - © WHILE Insert WHILE" statement
M) Ubrary Manager o Ccase Insert "CASE” statement
[8) e pr RO © REPEAT Insert "REPEAT" statement
= (@ Task Configuration © CONTINUE Jump to next cydle execution
& EtherCAT Task o MP Jump to "Label" to execute
= & ManTask © Bar Jump out of this cyce
8 mcpre ¢ RETURN Return(Exit from this POU)
T persistentvars -
Y variable usage =
) version relation check Extension Instructions
I ™ _Hs10 (v+510) Motion control commands

[T EtherCAT (EtherCAT Master SoftMotion)
[ ExtCard (ScanModule)
‘3 SoftMotion General Axis Pool

[100% [@)

Process instructions
High speed I/0 instructions
‘Communication instructions

202605 (V

1.1)

65



INVT Medium- and Large-Scale PLC Software Manual

Hardware Configuration

4 Hardware Configuration

4.1 High-speed 1/0 Configuration

For the TP2000 (TM700) series PLC, double-click TP2xxx_HSIO (TM75x-HSIO) in the device window. Then,
the HSIO parameter configuration interface will pop up. You can configure high-speed 1/O functions and
associated parameters on this interface, including high-speed counter, high-speed output, and high-speed
input edge interrupt.

#Note:

1. If Counter is not checked, it can be used as a normal input port.

2. To use the counter function, check Counter 0 (1, 2, 3). Then, the corresponding input port is used as
the input signal source of the counter. X0 and X1 are the input signal sources of counter 0 by default.
The corresponding relationship between subsequent counters and high-speed input ports is similar.
Once the counter function is enabled, a Counter device is generated and you can make detailed

settings.

evices -

x

= [ pevice (MM753) -
1) Autoscan
L, Fault diagnosis summary
= 10 PLC Logic
= ) application
@ o
i) Library Manager
=-[E] pLc_PRG (PRE)
[ifs MoveLink 0
POU (PRG)
FOU_1 (FRG)
[# pou_2 pre)
=, Recipe Manager
B, Recipes
*3 Symbol Configuration
= (&8 Task Configuration
=8 ETHERCAT
&) PLc_PrG
= -$8 MainTask
& rou_z
& rou
= Task
POU_L
& Trace
T Persistentiars
=] bl

Figure 4-1 High-speed 1/0 Port Configuration Interface

(@ TM75x-HSI0 x [ Counterd
| HSIO Setting

PCl-Bus IEC Objects

Parameters

1/0 Mapping

Status

Information

= [ ™M75xHSIO (TM75x-HSIO)

[l Counterd (HiSpeedCounter]
[ Countert (HispeedCounter]

Counter0 APhase

X0

High speed counter

1@ Counterd  Device name: Counter

Counterl  Device name: Counter

225
Counterd BPhase ——f 1 O counterz N
(] Pulse mist
Counter] APhase ——f X2 ([ Counter3 Output mode
=5
Counter] BPhase ——f )3 Status after plc stop
O Keep output () Output preset value [0 Pulse axis2
Generalinput ——§ yr -
Output mode
Generalinput ——§ 4o w5
i ([ Pulse axis3
Generalinput —§ xg -~
Output mode
Generalinput ——f x7 155
Filter(0.25 us) Interrupt input
x0: 2 Hoa: 2 e 2 s 2 s Ox £ 1] ox £ 1 Ox
X4: (20000 3 X5: (20000 [ X6: (20000 |3 %7: |20000 |5

4.1.1 Counter Interface Configuration

Pulge axis

[0 Pulse axis0

Output mode

Y3

Y4

¥5

£ 1 Ox £
Ox  f 1[\){5 E'L fl Ox fﬂ Ow £

General output

General output

General output

General output

General output

General output

Counterd Compare out

General output

BEE

You can set 5 functions for the input port: normal input, counter, trigger latch, Z signal, and pulse width
measurement. The counter function module can count and calculate the input pulses, detect position, speed,

frequency, etc. The maximum frequency of the input pulse is 200 kHz.

You can double-click Counter under TP2xxx_HSIO to make detailed settings for the high-speed counter.
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Figure 4-2 High-speed Counter Parameter Configuration

[ ™7sx-HsI0 [ Countero x
Counter Setting B counter mode
PCI-Bus IEC Objects Counter mode AfB Phase Multiple1 Signal source  X0-A Phase, ¥1-8 Phase ~
AJB Phase Multiple 1
Parameters
[ Hard Reset
1/0 Mapping
Input por| [Single phase Triggermode () Up © Doun
Status
Information B Prcb

Prob1 Input port - Prob2 Input port ~

B output preset value

Inputport  Soft mode “

B Compare output

Output port 16 ~
B Eucoder Axis
© Linear O Ring © Foward O Negative

Min pulse count  |[-2147483543 s Max pluse count 2147483647

Counter mode: It indicates the counter mode for high-speed counters, which can be selected from the
following 6 options: phase A/B 1x, phase A/B 2x, phase A/B 4x, pulsetdirection, single phase, and
CW/CCW. If you choose to use phase A/B 1x/2x/4x, pulse+direction, or CW/CCW, X0 and X1 are the
default input signal sources of counter 0, and the corresponding relationship between subsequent
counters and high-speed input ports is similar. The signal source can also be set as needed; if single
phase is selected, the input signal source of counter 0 can be selected from X0 to X7. The configuration
of differential counters is identical to that of high-speed counters.

Differential counter: Supports four counting modes: phase A/B 1x/2x/4x and CW/CCW. Filter parameters
can be used to filter noise from input signals.

Input counting direction: Positive or negative.
Counting mode: Rotary or linear. Note that the modes use different library versions in Library Manager.

Max. number of pulses: 2147483647 by default, ranging from -2147483648 to 2147483647.

#Note: The upper limit value cannot be less than the lower limit value. If the set value is less than the lower
limit value, the system will automatically change the lower limit value to be consistent with the upper limit
value.

Min. number of pulses: -2147483648 by default, ranging from -2147483648 to 2147483647.

Preset input terminal: When the preset function is configured as external DI preset mode, this input port
needs to be configured. You can select any input port from INO to IN7 to implement the preset value
function, or you can set it as a software-triggered preset input.

Probe: Each counter can be configured with 2 probe input ports to realize the function of latching the
counter value. Probe 1 is #1 probe input port and can be configured as any input port from INO to IN7.
Probe 2 is #2 probe input port and can be configured as any input port from INO to IN7.

Output comparison terminal: When using the high-speed output comparison (single point/linear/queue)
function, configure this output port in the range of OUTO-OUTT.

Hardware reset: When the count value reset function is configured as external DI mode, you need to
configure this input port. You can select any input port from INO to IN7 to realize the count value
clearing function.
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4.1.2 Counting Functions

The INVT HSIO counting control is primarily implemented through the HSIO counting library. You can
achieve specific functions by calling the relevant function block instructions.

The Library Manager will automatically call the corresponding pulse library instructions based on the HSIO
parameter configuration interface.

Pulse count values are primarily represented in the form of an encoder axis. You can directly refer to the
CiA402 axis application and use the relevant properties of the encoder axis structure.

For detailed usage of each instruction, refer to the /NVT Medium- and Large-Scale PLC Programming Manual.

Table 4-1 HSIO Pulse Library Counting Instructions Description

Function
Encoder enable
(high-speed counter)

Instruction Category Name

ENC_Counter

Local encoder axis

ENC_CounterReset

Encoder reset

ENC_CounterPreset

Encoder preset

ENC_CounterProbe

Encoder probe

ENC_SetUnit

Set axis gear ratio

ENC_SetLineRotationMode

Set axis operation mode

4.1.3 Description of Output Port Functions

You can set 3 functions for the output port: normal output, high-speed pulse output, and output comparison.
As shown in the figure below, the normal output port ranging from Y0 to Y7 is used by default. When the
pulse output function is required, you need to check the pulse axis of the corresponding channel.

Figure 4-3 High-speed Output Port Configuration

Devices ~ B X [ TM75c-HSIO X
= [ Device (M753) =)
) auto HSIO Setting
utoseen High speed counter Pulse axis
@ Fault diagnosis summary
o PCI-Bus IEC Objects —
= &l Fic Loge Counterd  Device name: Counter () Pulse axisd
=€) Application Parameters Counterd APhase ——y| Output mode Y= General output
O pois (STRUCT) @ Counterl  Device name: Counter e
ois LS
@ 1o Mapping terd BPh v General output
Countert ase —f xt Counter2 Device name: Counter. [— eneral outpuf
) Library Manager —— B Pulse axis1Pulse Axi
PLC_PRG (PRG) Counter1 APhase —f| )2 @ Counter3  Device name: Counter. Outputmode  Orthogonal mode el Lo
ulse axis ase
[#] Pou ere) Information Trees -
[ pou_1 prS)
= Counterl BPhase ——f X3 -
=[5 singleaxis (PRG) Status after plc stop V3 = pulse axis1B_Phase
Keep output () Output preset value 18 Fulse axis2Pulse Axis2
3 Mover Counter2 APhase —8 g O keep outp - output e Orthoqonal mode
™% Symbel Configuration Output mode Kihogonalmoce V4 f—  Pulse axis2 A_Phase
=@ :}skcmﬁguraﬁnn Counters srhase - Ozes
-5 EtherCAT Task Vs |—  Pulse ais2 B_Phase
& rou Counters ath 18 Pulse axis3Pulse Axis3
ounter3 APhase ——8 x5
= @5‘"“35'( Outputmode  Orthogonal mode 6 | Fulsemis3 A phase
PLC_PRG -
F O#Es
& sngleaxis Counters Phase ——f| 7
= Task VT = Pulse axis3B_Phase
& pou_t
Variable usage Filter(0.25 us) Interrupt input
= [ [M75x-HSIO (TM75%-HSI0) x: |2 $oxt: 2 ) oxa 2 2w 2 Ox f 8 O f 8 Ox £ 3 Oox f b
B AeedCounter]
5 2 = 2 2 = 2 — — —
(@ counter1 (ispeedCounter] s X X6 @ Ox £ 3 ox  F3 ox |3 0w £
(A counter2 (HispeedCounter]
[ P,
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8 untitied1.project* - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
Fle Edit View Project Build Online Debug Tools Window Help

N d & [ =) i | % | Application [Device: PLC Logic] ~ O % -
Devices v 2 x |8] Pc PRG @ on T Persstentvars @ EthercaT ) Pulse_Axis_Config X %5 Puise_Axis
= () Unttled? 7‘
P Pulse axis config
d D;”“ ey Output mode | [Pulse +Drrection >
Auto scan
10 Mapping
Pulse + Directon
\, Fault dagnosis summary [ zsignal Positive /Negative
= B pLC Logic IEC Objects |Orthogonal mode
= ) Application
o
Home signal
P Status (m] 9
.ﬁ Library Manager Information
r ] Hard P Limi
\E] PLC_PRG (PRG) =
= (@ Task Configuration
& EtherCAT Task (7] Hard N Limit
= & MainTask
8] pic_pre [ robo
T persistentvars
") Variable usage
) Version relation check [ prob1
= [l ™ _ts10 (M+510)
[ Puise s Confo (uise_vs_canie) | Refresh

W5’ Puise_Axis (Puise_Axis)
(@) EtherCAT (EtherCAT Master SoftMotion)
(@ extCard (ScanModule)

4.1.4 Normal Input and Output

The normal input and output ports ranging from X0 to X7 and from YO to Y7 are used by default.

The output port of the TP2000 series PLC contains 8 input signals, 8 output signals. The output signal type is
sink output. YO-Y7 share the common terminal COM.

DI ouput specifications

Item Specification
Wiring terminal Removable push-in terminal
Input type Digital input
Input mode Source/sink
Input voltage 24V DC*10% (21.6V DC-26.4V DC)
Input current (typical) 14mA (actual value prevails)
ON voltage >15V
OFF voltage <5V
Hardware response time
2.5us/2.5us
(ON/OFF)
Software filter time Supported
Input resistance Reference value: approx. 2.3kQ
Isolation Yes (opto-isolated)
Wiring specification Cable length less than 3 m
1@ o
1y g
— - — Din -,g,
Wiring diagram | - ——-— e [ o
SR
B [ e
Source input Sink input
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DO output specifications

Item Specification
Wiring terminal Removable push-in terminal
Output type Digital output, low-side output
Output mode Sink
Output load .
(resisi)ive load) 0.5A/point, 4A/module
Output load

(inductive load)

7.2W/point, 24W/module

Output load (lamp load)

5W/ point, 18W/module

Hardware response time

Resistive load: 2.5us/2.5us
Inductive load: 2.5ms/2.5ms

ON/OFF

(ON/OFF) Lamp load: 2.5ms/2.5ms
Leakage current at OFF | 10pA

Isolation Supported

Output action display

When the output is in the driving state, the corresponding point on the
LCD screen lights up.

Protection functions

Overcurrent protection (short-circuit protection), reverse connection
protection

Wiring specification

Cable length less than 3m

Wiring diagram

Flyback diode

K

AAST G oo

Inductive load
Resistive load

24VDC

Hl—

3 3
[euiwial Indino OQ

4.1.5 High-speed Pulse Output

Once the pulse axis is checked, the signal port is configured as high-speed pulse output, and all 8 output
ports can be configured as high-speed pulse outputs.

High-speed pulse output supports four modes: pulse+direction, FWD/REV pulse, quadrature-encoded pulse,
and PWM. When configured as pulsetdirection, FWD/REV pulse, or quadrature-encoded pulse, the output
axis can be used as a standard CiA402 output axis, allowing the use of motion control instructions from the
SM3_Basic library in the CodeSys platform, such as MC_Power and MC_MoveVelocity. When configured as
PWM, the output can be implemented using INVT-developed function blocks. For detailed usage of each
instruction, refer to the /INVT Medium- and Large-Scale PLC Programming Manual.
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Figure 4-4 High-Speed Output Mode

8 untitied 1 project* - Invtmatic Studio V3.0 V3.0.0.9---CAUsers\Administrator\Desktop\1 1\Untitled 1\Untitled 1 project - o
file Edit View Project Buld Online Debug Tools Window Help
e R & - T = §' |#3 | Application [Device: PLC Logic] ~ Of £y [
Devices > 8 X | (5 ArCcPRe o T Persstentvars @ Eethercar d Puse_Axs_Config &5 Puse_Axs B minsio x
= {3 unoteds -
= @ Devie (4753) HSIO Setting High speed counter
Y Auto scan 10 Mapping [ Counterd [ Counter [Jcounterz [ Counter3
X, Fault dagnosss summary
= 80 PLCLogc | IEC Objects Generalinput =f xp [Jcounters [ Counters [ Counters  [] Counter? W |— pulse adiso puise
= £ Application
Status 2 i
@on Generalinput -1 X1 Pulse axis ¥ |— Pulse axis0 Direction
D Licary Manager Iformation Dlnsesdiss  [JPusesis2 [ pulse wes3
[8) pLc_prG PRG) Generalinput 4 — General output
= [ Task Configuration Filter(0.26 us)

& EthercaT_Task General input — 53 il g
= & ManTask x0: (20000 (2] x1: (20000 [ x2: (20000 (3 x3: (20000 .

E:} General input o x4
S Ac e X4: (20000 S XS5: 20000 S5 X6: (20000 54 X7: (20000 '3 ¥4 |— General output
T persistentvars
X General input — 5
) variable usage Status after plc stop .
") Version relation check ¥s |~ General output
General input —{ X6 @ Keep output

TM_FSIO (TMHS10)

= (i puise_Axis_Config (Puise_Axis; O Output preset value
) Puise Axs (Puise Axis General input = X7 .

(3 EtherCAT (EtherCAT Master SoftMoti

(@ extCard (ScanModue)

¥6 |— General output

V7 | General output

#Note: The HSIO pulse output task cycle time can only be set to 1ms, 2ms, or 4ms. Setting any other cycle
time will prevent the relevant function blocks from operating correctly.

HSIO Task Configuration

To ensure the proper operation of high-speed 1/0 functions, the program (PRG) utilizing these functions and
the associated high-speed 1/0 devices must be assigned to the same task.

As shown in the figure below, the program PLC_PRG is assigned to run under HSIO_Task. The I/O mapping of
the high-speed I/O device TP2XXX_HSIO (as well as other subdevices) is also assigned to HSIO_Task.
Otherwise, the high-speed 1/0 function cannot operate properly.

Jevices - 3 X [5] PcPrG # TP2ooc HSIO X | B HSIO Task 89 Puise_Axis_0 &P Axisl 85 Encoder 0 N9 Pulse_Axis_1
= Bl pLC Logic hd O . "
d . * N HSIO Setting Find Filter Show all ~ 4k Add FB f
= 1 Application
D Lrary Manager Variable Mapping Channel Address Type Unit Description
[E] PLc_PRG (PRG) EEh DIO %IBO BYTE

= (& Task Configuration IEC Objects - DO0 %QB0 BYTE

= HSI0_Task (IEC-Tasks,
2 MainTask (IEC-Tasks)
& Trace
[) Variable usage
J Version relation check
= § TP2ox_HSIO (TP2ooHSIO)
= (@ countert (Counter)
N @ Encoder_0 (Encoder)
= (@ puiseaxisConfigd (PulseAxisConfig)
M4 Pulse_Axis_0 (PulseAxis)
= (@ puiseaxisConfigi (PulseAxisConfig)
M Pulse_jxis_1 (PulseAxis)
= [ puiseaxisConfig2 (PulseAxisConfig)
H A Puise iis 2 (PulseAxis)
= (@ EtherCAT_ETH3 (EtherCAT Master SoftMoton) @ = Create new varisble % =Mapto exsting variable
= it INVT_DA200A_EtherCAT_102 (INVT_DA20C

Bus Cyde Options
Mg s (SM_Drive_GenericDSP402) yele Op
Bus cyde task HSIO_Task v Recreste required tasks
'3 SoftMotion General Axis Pool

To utilize high-speed 1/0 functions, the associated programs and devices must be assigned to the same task
(either HSIO_Task or EtherCAT_Task is acceptable. However, the cycle time of the selected task must match
the HSIO_Task cycle time).

Information

Reset Mapping Always updatevariables  Enabled 1 (use bus cyde t

#Note: The content in this chapter applies to the pulse counting and pulse output functions of the TM series
and TP2000 series PLCs. The HSIO pulse output task cycle time can only be set to 1ms, 2ms, or 4ms.
Configuring any other cycle time will prevent the function blocks from operating correctly.

For the InvtMatic Studio V1.3.7.0 series upper computer, the namespace of the TM high-speed I/0 library is as
follows:
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In the current V3.0.1.4 series upper computer, the namespaces for both TM and TP high-speed I/O libraries
have been unified, as shown in the figure below. The default prefix used in programming is unified as
INVT_HSIO.

4.1.6 Comparison Output

The comparison output function outputs the result of the counter single value comparison, and each counter
channel has an comparison output function. If the counter value is equal to the set comparison value, a high
output will be given; and if it is not equal, a low output will be given.

B The comparison output port is configured in the corresponding counter channel

Figure 4-5 Comparison Output Configuration
m Counterd) X
Counter Setting B counter mode

PCI-Bus IEC Objects Counter mode /B Phase Multipled Signal source  X0-A Phase,X1-B Phase v

Parameters

1/0 Mapping [ Hard Reszet

Input port e Trigger mode Dup © Dowin
Status

Information B Frob

Prob1 Input port it Prob2 Input port b

E Output preset walue

Input port  Soft mode w

E Compare output

Qutput port sl

[ Encoder 4xis Y2

© Linear ¥4 © Foward () Negative
Y5
b3
Min pulse count Max pluse count  [2147483647 o

®  Comparison output control

Table 4-2 HSIO Pulse Library Comparison Output Instructions

Instruction Category Name Function
ENC_CompareArray Array comparison output
Comparison output instruction ENC_CompareSingle Single-point comparison output
ENC_CompareStep Equidistant comparison output

4.1.7 Description of External Interrupt

An interruption refers to the process in which the CPU suddenly stops the execution of task A to execute task
B, and then comes back to continue executing task A.

The steps to implement the external interrupt function are as follows:
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Step 1 Set the input port for the interrupt function, select rising edge, falling edge, or rising/falling edge
trigger, and set the filter parameter which is 0.5ps (2*0.25us) by default.

Figure 4-6 External Interrupt Input Configuration

Interrupt input

[]x0 _'F_.L X1

Ox f
e £ A El=s f

Step 2 Select an interrupt task

In the Invtmatic Studio task, select External as the task type, select the event inxInterrupt of the input port
X0-X7, where x ranges from 0 to 7, and trigger the corresponding POU_1 program by the interrupt task.

Figure 4-7 Task Triggering by an External Interrupt

[l TM7SxHSIO & Task x
Configuration
Priority { 0..31 ) 2
Type
¢ Bxternal w External evert |inOInterrupt
indInterrupt
inlInterrupt
Watchdog in2Interrupt
— in3Interrupt
|_JEnable in4Interrupt
Time (e.g. t#200ms) inGInterrupt
inFInterrupt
Sensitivity 1
gk Add Call 3 Remove Call & Change Call Maove Up Move Down | *= Open POU
POU Comment
& PoU_1

4.2 Local I/O Expansion Module Configuration

The PLC body can be directly expanded with Flex series modules, or connected to the FK1100 coupler via the
EtherCAT bus to use expansion modules. A single TM700 series PLC or FK1100 coupler can be expanded with
up to 32 Flex series modules (including the power relay). The TP2000 series PLC body cannot be directly
connected to the Flex series modules, but it can be connected to the FK1100 coupler via the EtherCAT bus
and the expansion modules can be assembled to the coupler. For the models and functions of Flex series
modules, see Table 4-3 for details.
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Table 4-3 Types of Expansion Modules

Module Name Flex Series Module Description
Coupler FK1100 EtherCAT bus adapter, expandable to 32 bus nodes
Digital Input FL1001 16-channel digital input module, source/sink input
Module FL1002 32-channel digital input module, source/sink input
FL2002 16-channel digital output module, source output
. FL2003 32-channel digital output module, source output
Digital Output - -
Module FL2102 16-channel digital output module, sink output
FL2103 32-channel digital output module, sink output
FL2201 8-channel relay output
Analog Input FL3003 4-channel analog input module, current/voltage
Temperature FL3103 4-way temperature module, thermal resistance type
Module FL3203 4-way temperature module, thermocouple type
Analog Output FL4003 4-channel analog output module, current/voltage
Hybrid input FL5005 16-channel digital input + 16-channel digital output
module FL5105 16-channel digital input + 16-channel digital output

4.2.1 Expansion Module Configuration

For TM700 series series PLCs, you can configure expansion modules through two methods: manual addition
and automatic scanning. Automatic scanning takes precedence.

Method 1: manual addition

Open the Invtmatic Studio programming software, create a new project, select the programming language
(for details, see chapter 2 Getting Started), and add the required extension modules.

1. Addthe FK1100 coupler module

Step 1 Right-click Device in the left device tree, click EtherCAT_Master_SoftMotion to add it, right-click

EtherCAT_Master_SoftMotion, select Add Device, and add the coupler to the device tree.

Figure 4-8 Adding a Coupler Manually

[ Add Device

Name |

Action

© Append device () Insert device

) Update device

String for a fulltext search

Vendar  <all vendors> -

Name
= [ Fieldbuses
= oo EtherCAT
=i i} Slave

+ - Festo

INVT.

#--[ 1l Bosch Rexroth AG
- [4 Delta Electronics, Inc.

# [ Hitachi Industrial Equipment Systems Co. Ltd,
#- [ ifm electronic - ifm electronic EtherCAT Devices

= EtherCAT Coupler
[ EthercaT slave Module
il FK1100_ECT_Copuler_1.0.2.0
iV FK1100_ECT_Coupler_1.0.5.1

T Iverter

+-[0 EritIo

# |4 Servo Drives

+ [l KEB Automation KG - C6 PRO/ADVANCED drive controllers

- [ Panasonic Corporation, Appliances Company - AC Servo Driver

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

Please select a device from the list above.

202605 (V1.1)

74



INVT Medium- and Large-Scale PLC Software Manual Hardware Configuration

Step 2 Select the FK100_ECT_Coupler in the device tree, click Add Device, select the required module in
the Module category, and click Add Device to add it into the device tree, as shown in Figure 4-9.

Figure 4-9 Adding an Expansion Module Manually
[ [ Add Device x|

Mame FL1001_1600DI

Action
© Appenddevice () Insert device (0) Update device
|
String for a fulltext search Vendor <Al vendors> p
Name Vendor Version Description
= ﬂi Fieldbuses
= pui EtherCAT
= ﬁModule

ﬂj INVT 0 EtherCAT Module imported from Slave XML: FK110C
m FL1002-3200D1 INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL2002-0016DP INVT 0 EtherCAT Module imported from Slawve XML: FK110C
ﬂj FL2003-0032DP INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL2102-00160M INVT 0 EtherCAT Module imported from Slave XML: FK110C
m FL2103-0032DM INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL2201-0008DR INVT 0 EtherCAT Module imported from Slawve XML: FK110C
ﬂj FL3003-44D INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL3103-4FT INVT 0 EtherCAT Module imported from Slave XML: FK110C
m FL3203-4TC INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL4003-4DA INVT 0 EtherCAT Module imported from Slawve XML: FK110C
ﬂj FL5005-1616DP INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL5105-16160M INVT 0 EtherCAT Module imported from Slave XML: FK110C
m FL&002-2E5 INVT 0 EtherCAT Module imported from Slave XML: FK110C
ﬂj FL&112-2E1 INVT 0 EtherCAT Module imported from Slawve XML: FK110C
ﬂj FL&121-1ET INVT 0 EtherCAT Module imported from Slave XML: FK110C

@ Group by category (] Display all versions {for experts only) [_] Display outdated versions

[  mame:FL1001-160001
Vendor: INVT

Categories: Module -
Version: 0 g
S

Order Number: FL 1001-1600D1 |
Description: EtherCAT Module imported from Slave XML: FK1100 |
_ECT_Coupler_1.0.5.1_BYTE.xml Device: FL1001-15600D1

Append selected device as last child of
FK1100_ECT_Coupler

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

Add Device Close
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Configuration

Priarity { 0..31 }:

[ TM7Sx-HSIO % Task x

2

Type

| 4 Bxternal

~ External evert |in0Interrupt

Watchdog
[_JEnable

Sensitivity

Time (e.g. t#200ms)

gk Add Call 3 Remowe Call (& Change Call | & Move Up Mowve Down

= Open POU

POU

H] Pou_1

Comment

2. Add modules to the controller (TM700 series PLC)

Right-click Device in the device tree, choose Add Device, select the required module under the
Miscellaneous category, and click Add Device to add it into the device tree, as shown in Figure 4-10Figure

4-9.

Figure 4-10 Adding an Expansion Module to the PLC

| @ Add Device

Name ~AX_EM_0016DN

= |

Action
© Append device sert device () Plug device () Update device
String for a fulltext search Vendor <Al vendors>
Name Vendor Version Description
= [ Miscellaneous
*-[ 4 Analog I Module
= [ Digital 10 Module
m VT LL10 AX_EM_D016DN for the DO module
[ ax_em_on160P VT 1110  AX_EM_0016DP for the DO module
[ ax_em_1s000 T 1110  AX_EM_1600D for the DI module
m FL1001-16000D1 VT 1.0.0.0 16 Channels Digital Inputs Module
m FL1002-320001 VT 1.0.0.0 32 Channels Digital Inputs Module
m FL2002-0016DP mvT 1.0.0.0 16 Channels Digtal Outputs PNP Module
m FL2003-00320P INVT 1.0.0.0 32 Channels Digtal Outputs PNP Module
m FL2102-0016DN VT 1.0.0.0 16 Channels Digtal Outputs NPN Module
m FL2103-0032DM VT 1.0.0.0 32 Channels Digtal Qutputs NPN Module
m FL2201-0008DR VT 1.0.0.0 8 Channels Digtal Qutputs Relay Module
m FL5005-1616DP VT 1.0.0.0 16 Channels Digital Inputs 16 Channels Digital O
m FL5105-1616DN VT 1.0.0.0 16 Channels Digital Inputs 16 Channels Digital O
+- [ HSIO#E b 16 Channels Digital Inputs 16 Cha
[ HsTiRR

+-[ 4 Modbus RTU
* [ Modbus TCP
*- [ Temperature 10 Module

8 Group by category [ Display all versions(for experts anly) (] Display outdated versions

@ mame: Ax_EM_0o16DM
Vendor: INVT

‘Order Number: AX-EM-0016DN
Description: AX_EM_0016DN for the DO module

Categories: =
Version: 1.1,1.0 g
Y

Append selected device as last child of
Device

#  (You can select another target node inthe navigatar while this window is open.)

Add Device

Close
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Devices * 0 X
=g ISTD Test 135 -
=7 Device (TM753)
D Auto scan

D, Fault diagnosis summary

+-E10 pLE Logic
D Variable usage
[l Axgx_HsI (TM75%-HSIO)
5] |FL1002_3200DI {FL 1002-320001)
[ FL2103_00320M (FL2103-0032DM)
m FL3203_4TC {FL3: FL1002_3200D
[l FL1001_1600DI {FL 1001-1600D1) T
[ FLa003_4DA (FL4003-4DA)
[l FL3003_4AD (FL3003-9AD)
[ FL3103_4PT (FL3103-9FT)
[ FLS005_18160P (FL5005-16160F)
[ FL5105_18160M (FL5105-16160M)
ﬁ ModuleScan (ModuleScan)

@

" SoftMotion General Axis Poal

Method 2: automatic scanning (recommended)
1. Scan EtherCAT bus configuration

Stepl Open the Invtmatic Studio programming software, create a new project, and select the
programming language.

Step2 Connect to the PLC and add EtherCAT master. For details, see chapter 2 Getting Started.

Step 3 Right-click EtherCAT_Master_SoftMotion and select Scanned Devices. The connected device will
be automatically displayed. Click Copy All devices to Project.

Figure 4-11 Scanning Couplers and Expansion Modules

Scan Devices a X

Scanned Devices

Device name Device type Alias Address
=. FEL100 ECT Ceupler  FE1100_ECT Cowpler 1.0.5.1 1§
FLE112_ZEI FL&112-2ET
~— ONOW AlITerence=s TO
[
Scan Device Copy All Devices to Frojec
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Figure 4-12 Couplers and Expansion Modules Added after Scanning

Devices * 0 x
=g Untitled? =
=l Device (TM753)
D Auto scan

D‘ Fault diagnosis summary
+-E PLC Logic
D Variable usage
ﬂi TM75x-HSIO (TM75x-HSI0)
ﬂi FL2201_0008DR. (FL2201-00080R)
[ FL2201_0008DR_1 (FL2201-00080R)
ﬂi ExtCard (ModuleScan)
= ﬂi EtherCAT_Master (EtherCAT Master SoftMotion)
= invi |FK1100_ECT_Coupler (FK1100_ECT Coupler_1.0.5.1)
m FLB112_2FT (FLE112-2ET)

"2 SoftMotion Genera FL6112 2EI (FL6112-2EI) |

2. Scan local expansion modules

Stepl Open the Invtmatic Studio programming software, create a new project, and select the
programming language.

Step2 Connect to the PLC. To scan local expansion modules, you need to log in to the PLC (PLC running is
not required). For details, see chapter 2 Getting Started.

Step3 Double-click Automatic Scanning and click Scan. The list shows the expansion modules connected
to the device. Click Add to configuration. At this time, the configuration is completed.

Figure 4-13 PLC Backplane Scanning

Tools  Window  Help

=1 [ | | Application [Device: PLC Logic] ~ & » o> | W
Device [ Autoscan x
Clear Add to configuration
ponal | Deee Devee Do Position  Device type(exist) Deves name(exit) Is existin configurstion 15 add to configuration #R
’ 1000 002 sz o
36963 1.0.0.0 FL2103_0032DN o
37033 1.0.0.0 FL3203_4TC

1
2
3
36048 10.0.0 FL1001_1600D1 4
37001 10.0.0 FL4003_4DA 5

6

7

37025 10.0.0 FL3103_4pT

36578 10.0.0 FL5005_16160P

2
3
4
5
6 36993 10.0.0 FL3003_4AD
7
8
9

8
36982 10.0.0 FL5105_1616DN 9
1

10 0 0

4.2.2 Digital Input Module

The digital input module is mainly used to configure filter parameters and has I/0 Mapping, Status, and
Information pages. Generally, you only need to map the I/O variables on the I/0O Mapping page to obtain the
digital input values. The 32-point digital input module is taken as an example in the figure below.
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e  Filter parameters: 10 ms (1000*10 us) by default.

Figure 4-14 Input Module Configuration

(7] FL1002_3200D1 x

| 3200DI Settings Filter Settings
| PCI-Bus IEC Objects
Filter 0 1000 = (10us)
CPU DI32 Parameters
Filter 1 1000 = 10
CPU DI32 /O Mapping Iier (10us)
Status <
Filter 2 1000 = [1ous)
Information
Filter 3 1000 = (tous)

Slot{Compiled): 0 Version V-

e DI321/0 mapping: You can get the input state through the BYTE or BOOL type.

Figure 4-15 Variable Mapping of the Input Module

[ FL1002_3200D1 x

320001 Settings Find Filter Show all + 5k Add FB for
PCL-Eus TEC Objects Variable Mapping Channel  Address Type Unit  Description
=4 DIO %IB2 BYTE
CPU DI32 Parameters ’@ 10 %IN2.0 BOOL
i 51 %IXZ.1 BOOL
CPU D132 1/0 Mapping Hp 12 IN2.2 BOOL
Trus k] 13 12,3 BOOL
H 4 LIN2.4 BOOL
Information @ 15 %eIN2.5 BOOL
k] Is %IN2.6 BOOL
R 7 %IN2.T BOOL
oty DIl %IB3 BYTE
-4y D2 %IB4 BYTE
+o My DI3 %IBS BYTE
i DIErld  %IW3 WORD

@ = Create new variable % = Mapto existing variable

Bus Cyde Options
Bus cycle task MainTask e
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4.2.3 Digital Output Module

The digital output module is mainly used to set the output state after stopping and has 1/0 Mapping, Status,
and Information pages. Generally, you only need to map the I/0 variables on the /0 Mapping page to obtain
the digital output values. The 16-point digital output module is taken as an example in the figure below.

Figure 4-16 Output Module Configuration

[fJ FLS105_1616DN X

Close

1616DN Settings Channel 1
Filter 0 1000 S| [10us]
PCI-Bus IEC Objects
00 Output status after 01 Qutput status after 02 Qutput status after 03 Qutput status after
STOP [ POWER FAILURE STOP f POWER FAILURE STOP | POWER FAILURE STOP | POWER FAILURE
CPU DI|DO 16 Parameters
© Holding © Holding © Holding © Holding
CPU DI|DO 16 /O Mapping () Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting () Presetting
Status
04 Qutput status after 05 Qutput status after 06 Qutput status after 07 Output status after
T T STOP / POWER FAILURE STOP f POWER. FAILURE STOP / POVER FAILURE STOP [ POWER FAILURE
© Holding © Holding © Holding © Holding
() Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting () Presetting
Channel 2
Filter 1 1000 + [10us]
10 Qutput status after 11 Qutput status after 12 Qutput status after 13 Qutput status after
STOP [ POWER FAILURE STOP f POWER FAILURE STOP / POWER FAILURE STOP / POWER FAILURE
O Holding © Holding © Holding © Holding
() Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting () Presetting
14 Qutput status after 15 Qutput status after 16 Qutput status after 17 Qutput status after
STOP / POWER. FAILURE STOP f POWER FAILURE STOP / POWER FAILURE STOP / POWER FAILURE
© Holding © Holding © Holding © Holding
() Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting (O) Presetting
Slot{Compiled): 0 Wersion V-

DN16 I/0 mapping: You can control the output state through the BYTE or BOOL type.

() FLS105_1616DN X

1616DN Settings Find Filter Show all ~ ok Add FBE for 10 Channel...
PCLBus IEC Objects Variable Mapping Channel  Address Type Unit  Description
=g DIO %IBI4 BYTE
CPU DI|DO 16 Parameters 4 0 241%94.0 BOOL
H 81 %IX94. 1 BOOL
CPU DI|DO 16 /O Mapping g 2 B —
Status H 13 %IX94.3 BOOL
i 14 %IX94.4 BOOL
Infarmation ’@ 15 oeIX94.5 BOOL
H 6 %IX94.6 BOOL
H 17 %IX94.7 BOOL
+ My DI1 %IB35 BYTE
H DI_Errld %IW43 WORD
+-Tig DO0 %QB16 BYTE
+- Ty Do1 %QB17 BYTE
H DO_Errld  %Iw43 WORD

Figure 4-17 Variable Mapping of the Output Module
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4.2.4 Analog Input Module

B General Configuration

The analog input module includes 4 channels, each requiring parameter configuration and 1/0 mapping
register (16-bit) settings. Only one channel of each module is described below.

Figure 4-18 Analog Input Module Configuration

[ FL3003_4AD x

4AD Settings B Chanel 0
TS Chanel Eable [ Break Check ) Over Limit
(] Over Range (] Post Filter
PCI-Bus IEC Objects - -
Mode 05y (0m20000) e Filter Param 3 $ (1~255)
CPU Al4 Parameters
CPU AI4 IfO Mapping
B Chanel 1
Status — — S
Chanel Eable [ Break Check () Over Limit
Information (T over Range () Post Filter
Mode 010V (0~20000) e Filter Param 8 = (1~255)
B Chanel 2
Chanel Eable Break Check ] ower Limit
() Over Range () Post Filter
Mode 4 20mA (0~20000) - Filter Param g $ (1~255)
[ Chanel 3
Chanel Eable [ Break Check [ Ower Limit
) Over Range [ Post Filter
Mode -1 10V {-20000~2000 - Filter Param g 2| (t~2s5)

Slot{Compiled): 0 Version V-~

e Channel enable: The channel can only be used after it is enabled.
e  Filter parameter: Analog input channel filter, ranging from 1 to 255.

e Conversion mode: Set the analog input conversion type, which determines the channel input
conversion type and the range of the conversion value. For details on the conversion type, see
Table 4-4.

e Disconnection detection: Set whether disconnection detection is enabled for the analog input
channel. Since it is impossible to distinguish between analog input 0 and disconnection, the
disconnection flag cannot be activated in all conversion modes that include 0 value input.

e  Over-limit detection: Set whether over-limit detection is enabled for the analog input channel.
e  Over-range detection: Set whether over-range detection is enabled for the analog input channel.

e  Enhanced filtering: Set whether the analog input channel uses enhanced filtering.
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®  4AD /O Mapping

4AD means 4-channel analog input. Each channel of analog input corresponds to a 16-bit integer value. For
the relationship between analog value and digital value, see the general analog input configuration. You can
map a variable to each 16-bit integer value on this interface to obtain the digital value corresponding to the
analog value of an input channel. For details, see Table 4-4.

Figure 4-19 Variable Mapping of the Analog Input Module

(1) FL3003_4AD x

4AD Settings Find Filter Show all - gk Add
Fault diagnosis Variable Mapping Channel Address Type Unit  Description
AID TIW24 INT
PCI-Bus IEC Objects ATl FIW25 INT
Al2 FRIW26 INT
CPU AI4 Parameters AT3 SLIW2T T

AID_Err FalW 23 WORD
AI1_Err FlW29 WORD
AI2 Err FeIW30 WORD
AI3_Err FIW31 WORD

CPU A4 /O Mapping

Status

LT

Information

Figure 4-20 4AD Information Interface of the Analog Input Module

[ FL3003_4aAD x

4AD Settings General
Mame: FL3003-4AD
Fault diagnosis Vendor: INVT
Categories:
PCI-Bus IEC Objects Type: 36933
ID: 1631 2081
CPU AI4 Parameters Version: 1.0.0.0
Order Number: FL3003
CPU A4 /O Mapping Description: 4 Channels Analog Inputs Module
Status

Information

Table 4-4 Correspondence between Mapped and Actually Input Analog Values

Type Enter the Rated Range Rated Corresponding Digital Quantity

-10V-10V -20000—+20000

) ov-10V 0-20000

Analog voltage input

-5V—+5V -20000-+20000

ovV-5V 0-20000
-20mA-20mA -20000-20000

Analog current input OmA-20mA 0-20000

4mA-20mA 0-20000
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4.2.5 Analog Output Module

B General Configuration

The analog output module includes 4 channels, each requiring parameter configuration and I/O mapping
register (16-bits) settings. Only one channel of each module is described below.

Figure 4-21 Variable Mapping of the Analog Output Module

[ FL4003_4DA x

4DA Settings E Chanel 0
Fault diagnosis @ Chanel Eable () utput fault check
Mode 0r5Y (0r20000) e

PCI-Bus IEC Objects
Qutput status after STOP | POWER FAILURE

CPU AD4 Parameters o Hold Output

() Output Reset
CPU AO4 IfO Mapping () Output Preset
Status

[ Chanel 1
Information
B chanel Eable () Output fault check
Mode e 10V (3~+20000) v

Qutput status after STOP | POWER FAILURE
© Hold Output

() Output Reset
() Output Preset
[ Chanel 2
B chanel Eable () Output fault check
Mode -10~10V (-20000 ~20000) W

Qutput status after STOP | POWER FAILURE
© Hold Output

() Output Reset
(T Output Preset
[ Chanel 2
B Chanel Eable () Output fault check
Mode 4ra20mA. (0~20000) -

Qutput status after STOP | POWER FAILURE
© Hold Output

() Output Reset

(T Output Preset

e Conversion mode: Set the analog output conversion type, which determines the channel output
conversion type and the range of the conversion value. For details on the conversion type, see
Table 4-5.

e  Keep output: After the module stops running, the output will keep the last output value.
e  Clear output: After the module stops running, the output is always 0.

e Output preset value: After the module stops running, the output is always the preset value. The
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preset value range is related to the current conversion mode. See Table 4-5 for details.

Table 4-5 Correspondence between Mapped and Actually Input Analog Values

Type Enter the Rated Range Rated Corresponding Digital Quantity
-10-10V -20000—+20000
Analog voltage 0-10V 0-20000
output -5—+5V -20000—+20000
0-5V 0-20000
4-20 mA 0-20000
Analog current
0-20 mA 0-20000
output
-20-20 mA -20000—+20000

®  4DA /O Mapping

4DA means a 4-channel analog output. Each channel of analog output corresponds to a 16-bit integer value.
For the relationship between analog value and digital value, see Table 4-5. You can map a variable to each
16-bit integer value on this interface to output the variable value to the current channel, and then convert it
into an analog value output through the analog output module.

Figure 4-22 Variable Mapping of the Analog Output Module

(1) FL4003_4DA x

4DA Settings Find Filter Show all ~ gk Add FB
Fault diagnosis Variable Mapping Channel Address Type Unit  Description
" AOD QW3 INT
PCI-Bus IEC Objects " 201 %QW4  INT
g 202 QWS INT
CPU AO4 Parameters x® AO3 %LQWE INT
CPU A04 /O Mapping b ] AQOQ_Err elW20 WORD
b ] AQ1_Err elW21 WORD
Status R ] AQ2_Err SelW22 WORD
% AQ3_Err elW23 WORD
Information

m  Information

It displays the basic information of 4DA module devices: name, manufacturer, group, type, ID, version, model
number, and description. In addition, after logging in to the Information interface, the system will read and
display the single-board software version (4DA embedded software version) and logic software version
(FPGA software version in the 4DA module) of the 4DA module.
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Figure 4-23 4DA Information Interface of the Analog Output Module

(1] FL4003_4DA x

4DA Settings General
Name: FL4003-4DA
Fault diagnosis Vendor: INVT
Categories:
PCI-Bus IEC Objects Type: 37001
ID: 1631 2089
CPU AOQ4 Parameters Version: 1.0.0.0
Order Number: FL4003
CPU AQ4 /O Mapping Description: 4 Channels Analog Outputs Module
Status

Information

4.2.6 Temperature Module

The temperature module includes two types: 4TC (4-channel temperature detection module, supporting
thermocouples) and 4PT (4-channel temperature detection module, supporting thermal resistors).

4.2.6.1 4TC Temperature Module

The 4TC temperature module (4-channel temperature detection module, supporting thermocouples) has
corresponding general configuration and channel configuration. The general configuration is used to
configure the unit type and sampling period of the temperature module, while the channel configuration is
used to configure the sensor type, filter time, over-limit settings, temperature offset, and other parameters of
each channel.

B Channel Configuration

Different types of modules support different channels, and 4TC supports 4 channels. Since the configuration
parameters of each channel are basically the same, only one channel is described here. The configuration of
a 4TC channel is shown in Figure 4-24.

Figure 4-24 4TC Temperature Module Configuration

[f] FL3203_4TC %

4TC Settings Close |

Temperature Unit Setting

Fault diagnasis © Centigrade(°C) () Fahrenheit degree(F)

PCI-Bus IEC Objects E Chanel 0

CPU TC4 Parameters @ chanel Eable

CPU TC4 I/O Mapping Filter Param (3 S| (1-2s3 [CJ Over Range

Status Offset (°C) [0.0 | (-e0s E-z04 T

farmation Mode " » Upper Limit (°C) (1370.0 3| -27071370
Lower Limit (=C) [-270.0 3| -27071370
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Temperature unit: The unit used for the temperature module input, which supports Celsius or
Fahrenheit.

Channel enable: The channel can only be used after it is enabled.

Sensor type: 4TC sensor type. See Table 4-6 for the sensor specifications. The K sensor is used by
default.

Filter parameter: The filter used by this channel of the temperature module, ranging from 1 to 255,
8 by default.

Over-range detection: When it is enabled, if the temperature is not between the upper and lower
limits, an over-limit fault will be reported. For details, see Table 4-6.

e  Offset value (°C): It is used to set the temperature module offset compensation value, ranging from
-204.8 t0 204.7.

®  1/0O mapping

Different types of temperature modules have different numbers of channels and 10 mappings. The figure
below shows the I/0 mapping interface of 4TC. The parameter value of each channel is the temperature

value.

Figure 4-25 Variable Mapping of the 4TC Temperature Module

[{) FL3203_4aTC X

4TC Settings Find Filter Show all ~ db Add FB f
Fault diagnosis Variable Mapping Channel Address  Type Unit  Description
9 Temp0 %ID3 REAL
PCI-Bus IEC Objects 4 Templ elD4 REAL
9 Temp2 %ID5 REAL
CPU TC4 Parameters 4y Temp3 F— REAL
CPU TC4 IfO Mapping L] Temp0_Errld eIV 14 WORD
L] Temp1_Errld %RIW15 WORD
Status L] Temp2_Errld YeIW 15 WORD
L] Temp3_Errld YIW17 WORD
Information

4.2.6.2 4PT Temperature Module

The 4PT temperature module (4-channel temperature detection module, supporting thermal resistors) has
corresponding general configuration and channel configuration. The general configuration is used to
configure the unit type and sampling period of the temperature module, while the channel configuration is
used to configure the sensor type, filter time, over-limit settings, temperature offset, and other parameters of
each channel.

®  Channel configuration

4PT supports 4 channels. Since the configuration parameters of each channel are basically the same, only
one channel is described here. The configuration of one channel of 4PT is shown in the figure in Figure 4-26.
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Figure 4-26 4PT Temperature Module Configuration

(] FL3103_aPT x

4FT Settings Temperature LUnit Setting
i 'S i o
Fault diagnosis © Centigrade(*C) (_) Fahrenheit degree{*F)
PCI-Bus IEC Objects & Chanel 0
CPU PT4 Parameters @ chanel Eable Hot Wire type @ 2-Wire (O 3-Wire () 4-Wire
Filter Param |3 21 (1-z53) () Owver Range
CPU PT4 IO Mapping
Offset (=C) [0.0 2| -z04. 57204 7
Status Upper Limit (=C) [850.0 5| -2007850
Mode

Information Lower Limit {%C) |[-200.0 —2007850

(= Chanel 1
e Temperature unit: The unit used for the temperature module input, which supports Celsius or
Fahrenheit.
e Channel enable: The channel can only be used after it is enabled.
e  Thermal resistor wiring mode: 2-wire, 3-wire, or 4-wire.

e Sensor type: 4PT sensor type. See Table 4-6 for the sensor specifications. The PT100 sensor is used
by default.

®  Filter parameter: The filter used by this channel of the temperature module, ranging from 1 to 255,
8 by default.

e  Over-range detection: When it is enabled, if the temperature is not between the upper and lower
limits, an over-limit fault will be reported. For details, see Table 4-6.

e  Offset value ((°C): It is used to set the temperature module offset compensation value, ranging
from -204.8 t0 204.7.

®  1/0O mapping

Different types of temperature modules have different numbers of channels and 10 mappings. The figure
below shows the I/0 mapping interface of 4PT. The parameter value of each channel is the temperature
value.

Figure 4-27 Variable Mapping of the 4PT Temperature Module

[ FL3103_4PT x

4PT Settings Find Filter Show all ~ =k Add FB |
Fatlf fiagnoss Variable Mapping Channel Address  Type Unit  Description
Tempd YID 16 REAL
PCI-Bus IEC Objects Templ 2ID17 REAL
Temp2 YolD 18 REAL
| CPU PT4 Parameters Temp3 [ REAL

Templ_Errld SRIW40 WORD
Templ_Errld FelW41 WORD
Temp2_Errld YalW42 WORD
Temp3_Errld Yal W43 WORD

| CPU PT4 If0 Mapping

Status

edd T T LS L

Information
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®  Information

(1] FL3103_4PT x

4PT Settings General
Name: FL3103-9PT
Fault diagnosis Vendor: TNVT
Categories:
PCI-Bus IEC Objects Type: 37025
ID: 1631 20A1
CPLl PT4 Parameters Version: 1.0.0.0
Order Number: FL3103

CPU PT4 I/O Mapping

Status

Information

Figure 4-28 Information Interface of the 4PT Temperature Module

Description: 4 Channels Resistance Temperature Detector Inputs Module

Table 4-6 Supported Sensor Types and Measurement Ranges

ltem TR Temperatur.e Rangein Temperature R:j\nge in
Celsius Fahrenheit
PT100 -200.0-850°C -328.0-1562.0°F
Thermal resistor PT500 -200.0-850°C -328.0-1562.0°F
type PT1000 -200.0-850°C -328.0-1562.0°F
CU100 -50.0-150°C -58.0-302.0°F
B 200.0-1800°C 392.0-3272.0°F
E -270.0-1000°C -454.0-1832.0°F
N -200.0-1300°C -328.0-2372.0°F
Thermocouple J -210.0-1200°C -346.0-2192.0°F
type K -270.0-1370°C -454.0-2498.0°F
R -50.0-1765°C -58.0-3209.0°F
S -50.0-1765°C -58.0-3209.0°F
T -270.0-400°C -454.0-752.0°F

4.3 Priority Setting for Each Module Task (Recommended Value)

If the created project contains multiple functional modules, create multiple tasks and set the task priority as
shown in Figure 4-29. For the recommended value of task priority, see Table 4-7.
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Figure 4-29 Example of Project Task Priority Setting

S LI201 project - Invimatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\ Desktop\i 8 ENE R LAR0ET LHE01 project

Eile Edit View Project Build

Online Debug Tools Window Help
e Hd & @ Y - [ |8 | Application [Device: PLC Logic] ~ O LY
Devices * & X & EtherCAT_ETH3 Task X
&L Hor

-

(@ Device (TP2422-1048)
@, Fault diagnosis summary
= B0 picLogc
= £ Application
@ o
) Library Manager
[E) FLC_PRG (PRG)
28 Task Configuration
EtherCAT_Task (IEC-Tasks)
= @ MainTask (IEC-Tasks)
&] pc_pre
Y Persistentvars
D Variable usage
D Version relation check
# P00 HSIO (TP2xxx-HSIO)
= [ EtherCAT_ETH3 (EtherCAT Master Softiotion)
=~ ™T_DA200_265 (DA200-N EtherCAT(CE) Driv
B Axis (Axis)
'3 SoftMotion General Axis Pool

<

3% Devices | % Modules

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

Configuration

IPnnnry(ﬂ..]l ¥ \DI

Task group |ETH3_Tasks v I
Type
W‘ Interval (e.g. t=200ms) |4
Watchdog
[Oenable

Time (e.g. t2200ms)

Sensitivity
ok Add Call X Remove Call [# Change Call Move U Move Down Open POU
POU Comment

Table 4-7 Priority Setting

Function Module

Recommended Priority

EtherCAT 0
High-speed I/O 0
(default configuration to EthercatTask)
MainTask 1-10
Modbus RTU, Modbus TCP 5-15
Controller configuration module 31
(such as time reading and IP setting)
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5 Communication Network Configuration

The PLC network configuration mainly involves the following networks: Modbus TCP, Modbus RTU, EtherCAT,
CANopen, and EtherNet/IP.

5.1 Modbus TCP

5.1.1 Modbus TCP Master Configuration

When the PLC is used as a Modbus TCP master, right-click Device in the left device tree, select Add Device,
and then Dedicated Device > Modbus TCP Protocol > Modbus TCP Master 1 in the pop-up window, and
click Add Device in the lower right corner.

Figure 5-1 Adding a Modbus TCP Master

JE= LF201.project” - Invtmatic Studio V3.0 V3.0.1.4-—-C\Users\Administrator\Desktop\iR BB\ BT LIZ01\
File Edit View Project Build Online Debug Tools Window Help

Sl = #4 % 44 05 B - O3 |# | Applice
Devices > B X & EtherCAT_ETH3 Task E] PLC_PRG X
=3 R IHo1 - 1  PROGRAM PLC_FRG

= H Device (TP2422-1048) | 20 va
-.?ﬁ-l Cut

\, Fault diagnosis
= Bl riclogc  |Ed Copy r

=1} Applicatic Paste
@ o ¥ Delete
m Library|
5] pLc_p Refactoring L4
= E TaskC{ (= Properties...
& Edf
& ey ::] Add Object 4
= & Ma Add Folder...
&) Add Device.. |
T Persist Update Device...
D Variable usage Edit Object
0) version relstor Edit Object With...

# P20 _HSIO
=) EthercAT ETH
=-({J mvT_DA2(

H  Ais (A

2 SoftMotion Gen

<

Edit |0 mapping

Import mappings from CSV...

Export mappings to CSV...
Online Config Mode...

Reset Origin Device [Device]

Simulation

Visualization Element Repository

S Devices | P Modules

|E Messages - Total 0 error(s), 0 warning(s), 0
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File Edit View Project Build O [ Add Device X
Hed &
! Name [Modbus_TCP_Master_t ]
Action
oen @® dd O Update d
— @® append device ) Update device
=3 &FIHor
= (@ pevie (P2522-10%9) String for a full text search Vendor | <Al vendors> v
\, Fault diagnosis summary
= Bl P Loge Name Vendor Version  Description ~
= €} Application #- [ HSIO Module
@ on # [ Modbus RTU Protocal
(D Lixary Mansger -
[8 rLc_pre pre) 1000 Modbus TCP Master OF INVT E
= @8 Task Configwaton - = 1.0.00  ModbusTCP Master OF INVT
& EtherCAT_ETH3 Tag (@ modous TCP siave Deviee 1 T 1000 Adevice that works as 2 Modbus TCP Siave
& Ethercat_Task (EC| || < - 5
S5 ManTesk (EC Ty [] Group by category [] Display all rts only) [] Display versions
@] pc_PrG
T @ TCP Master 1 "
™ Varisble usage Vendor: INVT
1) Version relation check Categories: -
# P2 HSIO (TP 2ou HSIO) P i '.!H
5@ Order Number: =
(@ EtherCAT_ETH3 (EtherCAT Mas s
Description: Modous TCP Master Of INVT
=- @ ™wT_pa200_265 (DA200-N -
M Axis (As)
3 SoftMation General Axis Pool Append selected device as last child of
Device
@  (You can select another target node inthe navigator while this window is pen.)
Add Device. Close
<
S Devices | P Module: <
|B] Mess 3 otal 0 er a m

Double-click the master device Modbus_TCP_Master 1 in the device tree to open the Modbus master
configuration window, as shown in Figure 5-2. The frame interval (ms) refers to the time interval between the
master receiving the last response data frame and the next request data frame. This parameter can be used

to adjust the data exchange rate.

Figure 5-2 Modbus TCP Master Settings

AT L1201 .project* - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Desktop\i5iBAT R Li20 1\ H LI201 project

Eile Edit View Project Build Online Debug Jools Window Help

e d & IR T 7= (1 | #¥ | Application [Device: PLC Logic] ~ O <
Devices > o X & EtherCAT_ETH3 Task 8] PLC_PRG ] Modbus_TCP_Master_1 x
-3 RFIFor -

= _'l Device (TP2422-1048) ModbusTCP mastersettings

%, Fault diagnosis summary ModbusTCP master settings

Stat
=8 pLC Logic e
= €3 Applicati
@ tion Information
@ on Frame interval(ms
) Library Manager (1~1000)
|E] PLC_PRG (PRG)

= (& Task Configuration
2 EtherCAT_ETH3_Task (ETH3_Tas|
& EtherCAT_Task (IEC-Tasks)
= ¢ MainTask (IEC-Tasks)
&] PLC_PRG
T Persistentvars
,.] Variable usage
) Version relation check
# P00 _HSIO (TP2x0xx-HSIO)
=[] EtherCAT_ETH3 (EtherCAT Master SoftMotion|
= (@ mwT_DA200_265 (DA200-N EtherCAT(Cal
M _axis (Axis)
I = [ Modbus_TCP_Master_1 (Modbus TCP Masnerl:
1 _TCP_Slave_1 5 TCP Slavel

'3 SoftMotion General Axis Pool

Q0®O

Preco

Table 5-1 Definition of the Number of Variables Accessible by Modbus TCP

Variable Qty.

Read coils (0x01) 1-2000 (0x7D0)

Read discrete coils (0x02) 1-2000 (0x7D0)

(
Read holding registers (0x03) 1-125 (0x7D)
Read input registers (0x04) 1-125 (0x7D)

Write single coil (0x05)

Write single register (0x06)

Write multiple coils (0x0F) 1-1968 (0x7B0)

Write multiple registers (0x10) 1-123 (0x7B)
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5.1.2 Modbus TCP Master Communication Configuration

®  Adding a Modbus TCP Slave

Right-click Modbus_TCP_Master 1 in the left device tree, select Add Device, and then Modbus TCP Slave 1
in the pop-up window, and click Add Device in the lower right corner.

Figure 5-3 Adding a Modbus TCP Slave

7E~ L#201.autosave* - Invtmatic Studio V3.0 V3.0.1.4-—-C\Users\Administrator\Desktop\iiBBE\ER TIZ01\ER LIZ01

File Edit View Project Build Online Debug Tools Window Help
I B B v % | Application [Device: |
Devices - 1 x 5] PLC_PRG X
= ST - 1 PROGRAM PLC_FRG
= [{ Device (TP2422-1048) 2El VAR
1, Fault diagnosis summary ) ;
=B PLC Logic gl ZND_VAR
= O Application
" Yo
m Library Manager
[5] PLc_PrG (PRG) i
= [@ Task Configuration | ¥ Cut
& EtherCAT_ETH3 Copy
& EtherCAT Task Paste
=& MainTask (IEC-T|
Delete
) pLC_PRG
T Persistentvars Refactoring »
D Variable usage = .
[ Properties...
D Version relation check P
# 200 _HSIO (TP200c-HSIO Add Object
= \ﬁ EtherCAT_ETH3 (EtherCAT M ) Add Folder...
=@ mvT_pa200_265 0420 [“Add Device.. |
- Disable Device
& SoftMotion General Axis Pool il P
[1 Edit Object
Edit Object With...
= Edit |0 mapping
% Devices | Modules Import mappings from CSV...
Export ings to CSV...
E] Messages - Total 0 error(s), 0 warning| port mappings to
] Visualization Element Repository

| m Add Device X

Name [MDdbus_TCP_Slave_ll

4 Action [
(® Append device () Insert device (O Update device [
String for a full text search ‘ Vendor | <All vendors> v

Name Vendor  Version Description

= m Miscellaneous
= [ Modhus TP Pratocn
\’T 1.0.0.0 A generic Modbus device that is configured as Slave for a Modbus TCP Ma|
1 {23 Modbus TCP Slave 2 INVT 1.0.0.0 A generic Modbus device that is configured as Slave for a Modbus TCP Ma| r

< >

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

tﬁ Name: Modbus TCP Slave 1 ~
Vendor: INVT

Categories:
Version: 1.0.0.0 §
Order Number: = =
Description: A generic Modbus device that is configured as Slave for a Modbus TCP Master

Append selected device as last child of
Modbus_TCP_Master_1

@  (You can select another target node inthe navigator while this window is open.)
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Setting the Modbus TCP Slave

Figure 5-4 Setting the Modbus TCP Slave

4] Modbus_TCP_Slave_1 x

ModbusTCP slave settings

ModbusTCP slave settings
ModbusTCP communicationsettings

10|

Fault diagnosis

Status

Information

IF address

Fort

Station number

Timeout (ms)

Slave enable
variable SN

(0"288)
1000

ar

(100765535)

4001
(077999)

Table 5-2 Description of Modbus TCP Slave Parameter Settings

Parameter Function
IP address IP address for connecting the master to the Modbus TCP slave
Port TCP port number for connecting the master to the Modbus TCP slave

Protocol node number for connecting the master to the Modbus TCP
Node number slave

Timeout period (ms)

After the master sends a frame, if the slave does not respond within the
time period, the master reports a receive timeout.

After programming and enabling this variable, the master starts to send

Slave enable D
communication frames to the slave.

Modbus TCP master to Modbus TCP slave communication settings

Each channel represents an independent Modbus TCP request, as shown in Figure 5-5. The third line defines
an operation of writing a single register (function code 0x06) at a cycle of 10 ms, i.e. writing 2 bytes of data to
the register with an offset address of (0x0014)20 (1 register occupies 2 bytes).

Figure 5-5 Modbus TCP Master to Modbus TCP Slave Communication Settings

2] Modbus_TCP_Slave_1 x

ry

Name Function code Enable variab...

(0x05) Write si...
(0x01) Read coils
{0x06) Write si..

{0x03) Read ho..

Enable type Circle time(ms) WriteAddress
(0x0000)0 1

1

Keep last value 1
1

1

ReadAddress Readlength Error handing Writelen... Retry
0 Channel 00
1 Channel 01
2 Channel 02
3

Channel 03

Loop execute
Loop execute
Loop execute
Loop execute

(0x0000) 0 1
0x0000)0 1

0x0000)0 1 Keep last value

Delete Edit Export EXCE import
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Add: Click Add to open the dialog box for adding a new channel for the Modbus TCP slave, and then
click OK to create a new channel.

Edit: Select a channel in the Modbus TCP slave channel list and click Edit to open the dialog box for
changing the channel configuration by modifying the parameters in it, and then click OK to update
channel settings.

Export to EXCEL: Click Export EXCEL to export channel parameters to an EXCEL table in batches, and
then click Import to import channel parameters into the settings in batches.

Copy: Select a channel in the Modbus TCP slave channel list. Right-click to open the context menu and
select Copy, or press Ctrl + C, to copy the selected channel configuration to the clipboard.

Paste: Select a channel in the Modbus TCP slave channel list. Right-click to open the context menu and
select Paste, or press Ctrl + V, to paste the copied channel configuration into the data list.

Delete: Select a channel in the Modbus TCP slave channel list. You can click Delete, right-click and
select Delete, or press Ctrl + D. In the confirmation dialog box that appears, click Yes to delete the
selected channel configuration.

Import: Click Import to open the file selection window. Select the Excel file containing the channel
configurations, then click OK to import the data into the list.

When adding or editing a channel, you will see the following pop-up dialog box:

Figure 5-6 Dialog Box for Modbus TCP Master to Modbus TCP Slave Communication Settings

Modbus communication settings

Basze config

Hame Channel 02
Function code (0x06) Write single register b
Ensble type Loop execute ~

Circle time(ms) 100 Ensble variable(SM) 4101
(1765535) (077999)

Comment

ar

Retry times 1

Read

Address i} Length(#ORD) 1
(07 0xFFFF)

Error handling  Keep last value

Write
Address a Length(WORD) 1

(0"0xFFFF)

==

Table 5-3 Description of Modbus TCP Communication Parameter Settings

Parameter Description

Name A string that names the channel

Read coils (function code 0x01)

Read input coils (function code 0x02)

Read holding registers (function code 0x03)
Read input registers (function code 0x04)
Write single coil (function code 0x05)

Write single register (function code 0x06)
Write multiple coils (function code 0xO0F)
Write multiple registers (function code 0x10)

Function code
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Parameter Description

Cyclic: requests triggered cyclically

Cycle time: time for execution again

Enable type Level trigger: triggered when programming changes

Trigger variable (SM): SM element triggered (after enabling, the
trigger variable is set after the communication is completed)

The time required for the master device to complete one polling cycle

Circle time for reading from and writing to all slave devices.

Once this variable is enabled in the program, the master begins

Enable variable . _—
sending communication frames to the slave.

If a communication failure occurs and no slave return frame is

Retry times obtained, resending is performed according to the retry times.
Comment A short text area that describes the data
Starting address | The starting position of the register read
Read Length Number of registers read
register Keep the last value: Keep the data at the last valid value

: .
TOTPrOCessiNg | set to 0: Set all values to zero

Write Starting address | The starting position of the register written
register Length The length of the register written

®  Internal /O Mapping of Modbus TCP Slave

After adding the master/slave communication configuration to the Modbus TCP slave communication
settings, the mapping address of each configuration will be automatically assigned in the internal 1/O
mapping. For example, %IW98 in the third line of the figure below means that the read coil value is mapped
to the address %IW98. In addition, you can also map custom variables in the program to I/O addresses by
using the Input Assistant or by directly entering the example variable path.

Figure 5-7 Internal I/O Mapping for Modbus TCP Master Connection to Slave

4 Modbus_TCP_Slave_1 X v
ModbusTCP slave settings Find Filter Show all % Add FB for |0 Channe
ModbusTCP communicationsettings Van'able Mapping  Channel Address Type Unit  Description
®-"@ Channel 00 %QW 14 ARRAY [0..0] OF WORD (0x05) Write single coil
Fault diagnosis + "9 Channel 02 %QW15 ARRAY [0..0] OF WORD (0x06) Write single register
-4 Channel 01 %IW 16 ARRAY [0..0] OF WORD (0x01) Read coils
Internal 1/O Mapping + Channel 03 %IW17 ARRAY [0..0] OF WORD (0x03) Read holding registers

Status

Information

5.1.3 Modbus TCP Slave Configuration

When the PLC is used as a Modbus TCP slave, right-click Device in the left device tree, select Add Device, and
then Dedicated Device > Modbus TCP Slave Devicel in the pop-up window, and then click Add Device in
the lower right corner.
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Figure 5-8 Adding a Modbus TCP Slave

JE7R LF201.project” - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Desktop\i}4B5 I\ &
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Edit Object With...

Edit |0 mapping
Import mappings from CSV...

Export mappings to CSV...
S  Online Config Mode...
Reset Origin Device [Device]
Simulation
< &) Visualization Element Repository
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[E} Messages - Total 0 error(s), 0 warning(s), 0 Message(s)l
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@ Fait . String for a ful text search ] Vendor | <all vendors> -
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= ) Application - %[ HSIO Module
@ o ¥ % (22 Modbus RTU Protocol
0 Loary Manaoer & = (22 Modbus TCP Protocol
8 Pc_prG (PRG) ¥ (3 Modbus TCP Master 1 VT 1.0.0.0  Modbus TCP Master Of INVT
= (@ ask configuraton . d SICR Macter T 1.0.0.0 Modbus TCP Master Of INVT
3 EmercAT_ETH1,_Tack |l | @ pocbus T SaveDevee 1 | |t 1000 Adevice that works as.a Mocbus TCP Slave
& EtherCAT Task (IEC-Tas| " >
= @ MainTask (IEC-Tasks)
F Y~ [ Group by category [] Display all versions (for experts only) [ ] Display outdated versions
T persistentvars @ Mame:Modbus TCP Siave Device 1
1) Variable usage Vendor: IWT
Y version relation chedk Categories:
# P20 _HSIO (TP200c+510) Version: 1.0.0.0
= () EtherCAT_ETH3 (EtherCAT Master Sq Order Number: 277 Y
= (@ mwT_DA200_265 (DA200-M Ethe] Description: A device that works as a Modbus TCP Slave
M Axis (Axis)
3 Softtion General Axs Pool Append selected device as last child of
Device
@  (You can select another target node inthe navigator while this window is open.)
5 Devices | Modules T

Double-click the slave device in the device tree to open the Modbus TCP slave configuration window, as

shown in Figure 5-9.

202605 (V1.1)

96



INVT Medium- and Large-Scale PLC Software Manual Communication Network Configuration

Figure 5-9 Modbus TCP Slave Settings
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Table 5-4 Modbus TCP Slave Parameter Settings

Parameter Function
Port TCP port number of the Modbus TCP slave
Frame interval The delay time for the Modbus TCP slave to send a response frame after
(ms) receiving a communication frame
Node number The number to identify the node

The Modbus_TCP_Slave defines storage areas accessible by external devices, which are shown in the
following table.

Table 5-5 Modbus_TCP_Slave Register Address Ranges Accessible to the Master

TCP Master Address name Range Offset from Standard
Function Code Modbus Address
0x01 %QX 0-65535 None
0x05/0x15 %QX 0-65535 None
0x02 %IX 0-65535 None
0x04 %IW 0-65535 None
0x03 %MW 0-65535 None
0x06/0x16 %MW 0-65535 None
Table 5-6 Example of Correspondence between Controller Bit, Byte, Word, and Double Word
%MX 192.0-192.7 193.0-193.7 194.0-194.7 195.0-195.7
%MB 192 193 194 195
%MW 96 97
%MD 48
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5.1.4 Modbus TCP Device Diagnosis

The Modbus TCP slave device diagnosis interface displays slaves and communication parameters with
errors.

Figure 5-10 Modbus TCP Slave Device Diagnosis Interface

| [@ Modbus_TcP_Slave_1 x |

ModbusTCP slave settings Serial Error code Error name Solution

ModbusTCP communicationsettings

Fault diagnosis

Status

Information

5.2 Modbus RTU

The PLC supports two Modbus serial port communications, namely COM1_RS485 and COM2_RS485, both of
which support the standard Modbus RTU protocol and can be independently configured as a master or slave
station, supporting seven baud rates: 2400, 4800, 9600, 19200, 38400, 57600, and 115200.

Table 5-7 Definition of the Number of Variables Accessible by Modbus RTU

Variable Qty.
Read coils (0x01) 1-2000 (0x7D0)
Read discrete coils (0x02) 1-2000 (0x7D0)
Read holding registers (0x03) 1-125 (0x7D)
Read input registers (0x04) 1-125 (0x7D)

Write single coil (0x05)
Write single register (0x06) -
Write multiple coils (0x0F) 1-1968 (0x7B0)
Write multiple registers (0x10) 1-123 (0x7B)

5.2.1 Modbus RTU Master Configuration

When the PLC is used as a Modbus RTU master, right-click Device in the left device tree, select Add Device,
and then Dedicated Device > Modbus RTU Protocol > Modbus Master 1 in the pop-up window, and click
Add Device in the lower right corner.
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Figure 5-11 Adding a Modbus RTU Master

7B LAZ01.project* - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Deskt
File Edit View Project Build Online Debug Tools Window Hel
@ @B &E| v RBRX(MAAS N SN

devices v & X [5] PLCPRG x
=3 R7IHo1 - ’ 1 PROGRRM PLC_PRG
< 2 hésN-]
i (i Device (TP2422-104~ |_' ”
%, Fault diagnosis

= B PLC Logic Copy
= ) Applicatid [, Paste
@ o | X Delete

m Library

= Refactoring »
(5] pLc_rg
= (8 Task Properties...
&
& Bt Add Object R
£ Eth

Er S ) Add Folder...
& -
T Persistd
) variable usage | [T Edit Object
) Version relation Edit Object With...
# P00 _HSIO

Update Device...

= [ EthercaT ETHI Edit |0 mapping
- &-] INVT_DA20| Import mappings from CSV...
B Axis (Al Export mappings to CSV...

= [ Modbus TCP M 8¢ Online Config Mode...

S

3 SoftMotion Gen

(@ Modbus_Td
Reset Origin Device [Device]

Simulation

@] Visualization Element Repository

;VDevices \v Modules I <

] Messages - Total 0 error(s), 0 warning(s), 0 message(s)

B isr 10,

Eile [Edit View Project Build QOnline
BDEE & o~ i B2’ X| MY

)

= [ mwT_DA200_265 (DA200-N Ethe]
H A (Axis)
= (@ Modbus_TCP_Master_1 (Modbus TCP|
[ modbus_TcP_Slave_1 (Modbus T|
'3 SoftMotion General Axis Pool

< >
|32 Devices | P Modules

V3.01

4---C:\Users\Administra

\Desktop\iEAHNEA IR0 \NEZ LIZ01.

Add Device

Name IMod:v.lLMasteLl

Devices - R X Action
= [ &=L - (@) Append device (O Update device
= (@ Device (TP2422-1048)
& Fauit . - ‘Smng for a full text search | Vendor | <Al vendors> -
= B PcLogic Name Vendor  Version  Description ~
= £ Application + (12 HSIO Modue
@ = M RTU Protocol
i) Library Manager L (@ Master 1 T 10.0.0  Adevice that works as a Modbus Master on z
(8] PLc_PRG PRG) 1 Master 2 VT 1.0.0.0 A device that works as a Modbus Master on &
= (& Tesk Configuraton @ Modbus RTU Slave Device 1 T 1.0.0.0 A generic device that works as a Modbus Sl
9 EtherCAT_ETH3 Task (E| E Modbus RTU Slave Device 2 VT 1.0.0.0 A generic device that works as a Modbus Sla o
& EtherCAT Task (IEC-Tas < N
=& MainTask (JEC-Tasks)

@ BLC_PRG [] Group by category [] Display all versions (for experts only) [] Display outdated versions
T persstentvars @ mame:Modbus Master 1 ~
Jj Variable usage Vendor: INVT
D Version relation check Categories:
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Description: A device that works as a Modbus Master on a serial COM Port of INVT

Append selected device as last child of
Device

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

Add Device Close

Open the Modbus master configuration window, as shown in the figure below.

#Note: Normal communication is possible only when the Modbus master and slave communication

parameters are consistent.
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Figure 5-12 Modbus Master Settings
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Table 5-8 Description of Modbus Master Parameter Settings

Parameter Description
Baud rate Communication rate: 2400, 4800, 9600, 19200, 38400, 57600, 115200
Check bit Communication frame check mode: None Parity, Odd Parity, Even Parity
Data bit The actual data bits contained in the communication frame
Stop bit Identify the last bit of a single packet during communication
Frame interval The time interval between the master receiving the last response data frame
(ms) and the next request data frame

5.2.2 Modbus RTU Master Broadcast Configuration

After adding a Modbus RTU Master, double-click it to open the configuration interface, and click the Modbus
broadcast settings interface to access the broadcast configurations. A maximum of 10 Modbus RTU broadcasts can
be configured.

Figure 5-13 Modbus RTU Master Broadcast Settings
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® Add: You can add an item by clicking the Add button, right-clicking within the broadcast settings list
and selecting Add from the context menu, or pressing Ctrl + 1. In the dialog box that appears, configure
the Modbus broadcast settings, and click OK to add a new Modbus RTU broadcast.
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e  Edit: You can edit a broadcast by selecting it from the list and clicking the Edit button, right-clicking
the broadcast and selecting Edit from the context menu, or pressing Ctrl + E. In the dialog box that
appears, edit the Modbus broadcast settings as needed and click OK to save the changes.

e Delete: You can delete a broadcast by selecting a broadcast from the list and clicking the Delete button,
or right-clicking the broadcast and selecting Delete. In the confirmation dialog box that appears, click
Yes to delete the selected broadcast.

e Copy: Right-click a broadcast and select Copy, or press Ctrl + C, to copy the selected broadcast
information to the clipboard.

e  Paste: Right-click in the list and select Paste, or press Ctrl + V, to paste the copied broadcast
information into the list.

Table 5-9 Modbus Broadcast Settings

Parameter Description
Name Modbus broadcast name
Write single coil (function code 0x05)
Write single register (function code 0x06)
Write multiple coils (function code 0x0F)
Write multiple registers (function code 0x10)
Once this variable is enabled in the program, the master begins sending
communication frames to the slave.
Address The starting register address for the write operation.
Length The number of registers to write.
If a communication fault occurs and no response frame is received from the
slave, the current frame will be resent according to the configured retry count.
Comment A short text area for describing the data.

Function code

Enable Variable

Retry times

5.2.3 Modbus RTU Master Communication Configuration

®  Adding a Modbus Slave

When the PLC is used as a Modbus master, right-click Modbus Master 1 in the left device tree, select Add
Device, and then Dedicated Device > Modbus RTU Protocol > Modbus RTU Slavel in the pop-up window,
and click Add Device in the lower right corner.

Figure 5-14 Adding a Modbus RTU Slave When the Port Is Used as a Master
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B Setting the Modbus Slave

Double-click the slave device in the device tree to open the Modbus slave configuration window as shown in
Figure 5-15.

Figure 5-15 Modbus RTU Slave Settings When the Port Is Used as a Master
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Table 5-10 Description of Modbus RTU Slave Parameter Settings When the Port Is Used as a Master

Variable Function

Node number The number to identify the salve, ranging from 1 to 247

) ) After the master sends a frame, if the slave does not respond within the
Timeout period (ms) ) ) o
time period, the master reports a receive timeout.

After programming and enabling this variable, the master starts to send
Slave enable (SM) o
communication frames to the slave.

®  Modbus master to Modbus slave communication settings

Switch to the Modbus slave communication settings window and add a Modbus slave communication
configuration. The configuration table supports up to 60 configurations.

Each channel represents an independent Modbus request, where the first line defines a request to execute
the action of writing a single register cyclically (function code 0x06), i.e. writing one word of data to a register
at an offset of 0x2000.

Figure 5-16 Modbus Slave Communication Settings When the Port Is Used as a Master
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Fault diagnosis 3 Channel 03 (0x04) Read in...  Loop execute 200 (0x0000) 0 1 Keep last value
Internal /0 Mapping
Status
Information

<
Add Delete Edit

e  Add: Click Add to open the dialog box for adding a new channel for the Modbus slave. Click OK to create
a new channel.

e  Edit: Select a channel in the Modbus slave channel list and click Edit to open the dialog box for
changing the channel configuration by modifying the parameters in it, and then click OK to update
channel settings.

e  Exportto EXCEL: Click Export to EXCEL to export channel parameters to an EXCEL table in batches, and
then click Import to import channel parameters into the settings in batches.

e  Copy: Select a channel in the Modbus TCP slave channel list. Right-click to open the context menu and
select Copy, or press Ctrl + C, to copy the selected channel configuration to the clipboard.

®  Paste: Select a channel in the Modbus TCP slave channel list. Right-click to open the context menu and
select Paste, or press Ctrl +V, to paste the copied channel configuration into the data list.

® Delete: Select a channel in the Modbus TCP slave channel list. You can delete the channel by clicking
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Delete, right-clicking to open the context menu and selecting Delete, or pressing Ctrl + D. In the
confirmation dialog box that appears, click Yes to delete the selected channel configuration.

e Import: Click Import to open the file selection window. Select the Excel file containing the channel
configurations, then click OK to import the data into the list.

When adding or editing a channel, you will see the following pop-up dialog box:

Figure 5-17 Dialog Box for Modbus Slave Communication Settings When the Port Is Used as a Master
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Table 5-11 Description of Modbus Communication Parameter Settings

Parameter

Description

Name

A string that names the channel

Function code

Read coils (function code 0x01)

Read input coils (function code 0x02)

Read holding registers (function code 0x03)
Read input registers (function code 0x04)
Write single coil (function code 0x05)

Write single register (function code 0x06)
Write multiple coils (function code 0x0F)
Write multiple registers (function code 0x10)

Cyclic: requests triggered cyclically
Cycle time: time for execution again

Enable type Level trigger: triggered when programming changes
Trigger variable (SM): SM element triggered. After triggered
successfully, the element will be automatically reset.
. . The time required for the master device to complete one polling cycle
Circle time

for reading from and writing to all slave devices.

Enable Variable

Once this variable is enabled in the program, the master begins
sending communication frames to the slave.

202605 (V1.1)

104



INVT Medium- and Large-Scale PLC Software Manual Communication Network Configuration

Parameter Description
. If a communication failure occurs and no slave return frame is
Retry times . . . .
obtained, resending is performed according to the retry times.

Comment A short text area that describes the data

Starting address | The starting position of the register read

Read Length Number of registers read
register Keep the last value: Keep the data at the last valid value

Error processin
P 8 Set to 0: Set all values to zero

Write Starting address | The starting position of the register written
register Length The length of the register written

®  Internal I/O Mapping of Modbus Slave

After adding the master/slave communication configuration to the Modbus slave communication settings,
the mapping address of each configuration will be automatically assigned in the internal I/0 mapping. For
example, %0QW1 in the first line of Figure 5-18 means that the read coil value is mapped to the address %QW1.
In addition, you can also map custom variables in the program to I/O addresses by using the Input Assistant
or by directly entering the example variable path.

Figure 5-18 Internal I/O Mapping of Modbus Slave When the Port Is Used as a Master
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5.2.4 Modbus RTU Slave Configuration

When the PLC is used as a Modbus slave, right-click Device in the left device tree, select Add Device, and
then Dedicated Device > Modbus RTU Protocol > Modbus RTU Slave Devicel in the pop-up window, and
click Add Device in the lower right corner.

Double-click the slave device in the device tree to open the Modbus slave configuration window as shown in
Figure 5-19.

In the Modbus slave parameter settings, the serial port configuration has the same meaning as that of the
Modbus master. The node number in the Modbus slave configuration refers to the node number of this
device; the frame interval refers to the delay time for response to the master after receiving the
communication frame sent by the master.
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Figure 5-19 Configuration When Modbus RTU Is Used as a Slave
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#Note: Normal communication is possible only when the Modbus master and slave communication
parameters are consistent.

The Modbus_RTU_Slave defines storage areas accessible by external devices, which are shown in Table 5-12.

Table 5-12 Modbus_RTU_Slave Register Address Ranges Accessible to the Master

RTU Master Address name R Offset from Standard
Function Code Modbus Address

01 %QX

05/15 %QX
02 %IX

0-65535 None

04 %IW
03 %MW

06/16 %MW

5.2.5 Modbus RTU Device Diagnosis

The Modbus master device diagnosis interface displays slaves and communication parameters with errors.

Figure 5-20 Modbus Master Device Diagnosis
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5.2.6 Common Faults of Modbus RTU

The main faults that occur when the Modbus master is connected to the slave are as follows:

e The configurations of the Modbus master and slave are inconsistent, resulting in the inability to
establish communication between the master and the slave.

e The Modbus master accesses an illegal address of the Modbus slave and an error response is returned.
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e The Modbus master operates the Modbus slave to write a register, but the Modbus slave only supports
read actions on this register. The Modbus master will receive an error response returned by the Modbus
slave.

Error response frame format: slave address + (instruction code + 0x80) + error code + CRC check.

#Note: This error frame applies to all operation instruction frames.

Table 5-13 Description of Modbus Error Response Frames

Number Data (Byte) Meaning Number of Bytes Description
1 Slave address 1 byte Value range: 1-247
2 Instruction code + 0x80 1 byte Error instruction code
3 Error code 1 byte 14

5.3 EtherCAT Master

EtherCAT (Ethernet for Control Automation Technology) is an open-architecture, Ethernet-based fieldbus
system. Compared with other fieldbuses, EtherCAT has the characteristics of good performance, high device
synchronization accuracy, flexible topology, easy application, and low cost. Currently, more and more
devices use the EtherCAT bus for communication.

5.3.1 EtherCAT Master Configuration

5.3.1.1 Adding a Device Profile

INVT EtherCAT slave devices have been pre-added in Invtmatic Studio. If you use an INVT product, you can
skip this step directly. When using an EtherCAT slave without a device profile added to the software, you
need to add the corresponding profile to the software. The operation steps are as follows:

Step 1 Open Invtmatic Studio and select Tools > Device Repository in the Toolbar.

Figure 5-21 Selecting a Device Repository
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OPC UA Information Model Repository...

License Manager...

Device License Reader...

Customize...

Options...

Import and Export Options...
Scripting

Edge Gateway

Automation Server

Miscellaneous

v v v v

Application [Device: PLC
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Step 2 Inthe pop-up window, click Install.

2% Device Repository

Figure 5-22 Installing the Device Repository

Location  System Repository

Installed Device Descriptions

String for a full text search

Vendor | <All vendors>

Name

+ LB Miscellaneous
[+ \B Fieldbuses

+ 5! HMI devices
*- [0 pLcs

+ @ softMotion drives

Vendor

Version Description

(C:\Program Files\Invtmatic Studio\InvtmaticStudioRepository\Devices)

X
Y Edit Locations...
“ Install...
Renew Device
Repository

Close

Step 3 In the pop-up window, find the path where the device profile is stored.

#Note: Here, set the file type to All supported description files. If you select other file types, you will not be
able to select the XML file normally. After finding the corresponding XML, click Open.

Figure 5-23 Selecting Device Profile Path and Type

Mame

7 INVT_DA200_EtherCAT_V261_191025.xml
7 INVT_DA200_EtherCAT_V262_200313.xml
7 INVT_DA200_EtherCAT_V265_220120xml
W INVT_DA260_EtherCAT V265_220120xml
W INVT_EtherCAT_110xml
7 INVT_EtherCAT_171xml

Date modified

Type

XML File
XML File
HML File
XML File
XML File
XML File

234 KB
238 KB
232 KB
232 KB
95 KB
231KB

| [ sercos XML device descrption-
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L Automatic detection (*xml;*.eds;*.dcf:

EDS, DCF (*.eds, *.dcf)
EtherCATESI (*xml)
EtherCAT SCI (*.5ci)
10-Link 10DD (*1ODD1.1.xml:*10DD1.01
PROFIBUS GSD (*.gs?)

PROFINET GSDML (GSDML*.xml)
Sercos SDDML (F.xml)

Automatic detection (*xml:™.e V|

cance'

<

Step4 After opening the file, the software will automatically import the device. At this time, you can
observe the information output box and confirm that the installation is complete. Then, Click Close.

Figure 5-24 Importing the Device Profile into the Device

¥ Device Repository X
Location System Repository v Edit Locations...
(C:\Program Files\Invtmatic Studio\InvtmaticStudioRepository\Devices)
Installed Device Descriptions
[DA200 Vendor | <All vendors> ~ Install...
Name Vendor Version Uninstall
= u_j Fieldbuses Export..
+ - €ifl CANopen
= pogt EtherCAT
b = m} Slave
= Renew Device
) I INVT Repository
| = [_d Servo Drives
EL'] DA200-N EtherCAT(CoE) Drive V265 INVT Revision=1600000C
iVt DA200-N EtherCAT(CoE) DSV V267 INVT Revision=1600000C
invt |INVT_DA 200A_EtherCAT_1.0.2.0 INVT Revision=16£00000C
| Details...
< >

5.3.1.2 Slave Configuration

In the Invtmatic Studio software, you can configure the EtherCAT slave through two methods: automatic
scanning and manual addition. For detailed operation steps, see section 2.3 Examples of Program Writing
and Debugging. When adding an EtherCAT slave by automatic scanning, you must first ensure that the slave
device hardware used in the project is correctly connected to the PLC. Only when normal communication is
possible can the PLC scan the EtherCAT slave device.

5.3.1.3 Master Settings

You can set the EtherCAT master parameters on the EtherCAT Master Settings interface. As shown in Figure
5-25, you need to set the cycle and synchronization offset of the distributed clock.
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®  Cycle: The interval for sending EtherCAT data frames, which must be the same as the cycle time of the
EtherCAT task.

®  Synchronization offset: The percentage of the relative offset of the EtherCAT task relative to the Sync0
interrupt of the slave, which is 20% by default, and cannot be modified generally.

Figure 5-25 Setting Master Cycle and Synchronization Offset
1) EtherCAT_ETH3 x

General A fslav e
utoconfig master/slaves EtherCATw-

Function Code EtherCAT NIC Settings

Sync Unit Assignment Destination address(MAC) FEFFFFFFFFFF Broadcast [ ] Redundancy
Source address (MAC) 68-5E-1C-9B-D4-EA Select...
Overview
Network name eth3
Safety FSoE Connections (O Select network by MAC (@ Select network by name [_] Compare exact name
Log Distributed Clock Options
. w o
EtherCAT I/O Mapping Cydle time 2000 2 s [[] Use LRW instead of LWR/LRD
M
Sync offset 20 = % [ Messages pertask

EtherCAT IEC Objects Automatically restartslaves

Status
[ sync window monitoring

Information Sync window 1 - ks

In the DC mode of EtherCAT communication, after parsing the data transmitted by the master, the slave also
needs to process the data in the DC interrupt. Since the time it takes for the master to transmit data to each
slave varies, in order to ensure data synchronization, there must be enough time between the data frame
and the synchronization interrupt for the slave to receive and process the data. This period of time is the
offset time.

# Note: When using it, you need to add the master name. For example, if the master name is
EtherCAT_Master_SoftMotion, then when restarting the master, the variable that needs to be triggered is
EtherCAT_Master_SoftMotion.xRestart. Common parameters of the EtherCAT master are listed in Table 5-14.

Table 5-14 Common Parameters of EtherCAT Master

Variable Name Function
«Restart Rising edge trlgge'r, restarted after being
triggered
EtherCAT Master
xConfigFinished Master configuration completed
xDistributedClockInSync EtherCAT distributed clock synchronization
xError Error in the EtherCAT master
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5.3.1.4 Function Codes

Add a servo drive on the EtherCAT master configuration interface.

& -
5 EXhesCAT_ETHY Vosk (ETH). Toska) it INVT_DA200A_EtherCAT_1.0.2.0 T Revision=162000000A8  EtherCAT Slave imported from Slave
= & MainTask (IEC-Tasks)

v

¥
Fle Edit View Project Build Online Debug Tools Window Helo
e & o~ T R
Name [INVT_DA200A_EtherCAT_102
Devices -3 x o
- i | @ appenddevice O Insert device O Update device
= (@ pevice (TP2422-1128)
L, Fault diagnosis summary DA200 I \ Vendor | <All vendors> v [
=B Actoge [Name Vendor  Version Description A1
=0 Appiicarian = oo Slave ]
@ v = T 1]
D Lovary Mansger = (28 Servo Drives \
%1 PLC_PRG (PRG) (@ DA200-N EtherCAT(CoE) Drive V265 INVT Revision=162000000A8  EtherCAT Slave imported from Slave | 1
= (§ Task Configuration it DAZ00-N EtherCAT(COE) DSV V267 INVT Revison=162000000AB  EtherCAT Slave imported from Slave > || §
°
»
L
¥

&) pLc_PRG 1 [l < >
T Persistentvars [ Group by category [[] Display all versions (for experts only) [] Display outdated versions
) variable usage -
B vesi et W Name:INVT_DA200A_EtherCAT_1.0.2.0 A
- Vendor: INVT
# TP200¢_HSIO (TP2000+S10) Categories:Slave <
(@ EtherCAT_ETH3 (EtherCAT Master §
% SoftMotion General Axis Pool Order Number: INVT_DA200A_EtherCAT_102 v -

Awen;l selected device as last child of
EtherCAT_ETH3

©  (You can select another target node in the navigator while this window is open.)

On the Function Code interface, you can read and write servo function codes, and save basic
configurations.

Untitled1.project* - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project =
File Edit View Project Build Online Debug Jools Window Help

Nl & v o~ NEAL NS R - [T ¥ | Application [Device: PLC Logic] ~ ©f » m [ ' 3 |
Devices - 3 x 1) EtherCAT_ETH3 x
= 13 Untited? > - s "
ol u General Check All | Read | Export | Import = Write | Restart | Save with One click
= [ Device (TP2422-1128) s
R ave Station INVT_DA200A_EtherCAT_102 Configuration information
. Fault diagnosis summary Function Code 5-[J° INVT_DA200A_EtherCAT_102
= B0 PLcLoge [ PO Basic control Type: 65
= ) Application Sync Unit Assignment {0 P1Autotuning control
" X8 {38 F2Motor conirol Id:  72C_0000200A000000A8
Overviow [ | P31/0 management : =~
M) Lbrary Manager [ | p4Extension and Applicatior
3 Version:  Revision=162000000A8
5] Pc_prG (PRG) Safety FSoE Connections 8 z: x’ﬁﬁw
= (@ Task Configuration
{0 | P10Invisble parameter Servo name INVT_DA200A_EtherCAT_1.0.2.0
& EtherCAT_ETH3 Task (ETH3_Tasks) Log [] ' ROUser monitoring paramet.
= & MainTask (IEC-Tasks) [0 | R11/0 and analog monitorin . -
&) pic_pre EtherCAT /O Mapping [J | R2Factory monitoring parar Database name |EN_DA200A-EtherCAT_V1.01_SERVO.wsdb
T Persstentvars
EtherCAT IEC Objects Table name [FUNCODE V1.01T
3 Variable usage ) i3
\j Version relation check Status
# TP200¢_HSIO (TP200-HSI0) Read Save Blank
= () EtherCAT_ETH3 (EtherCAT Master SoftMotion) Information
= it INVT_DA200A_EtherCAT_102 (INVT_DA200A _{
Mg SM_Drive_GenericDSP402 (SM_Drive_Gerf
3 SoftMotion General Axis Pool

®  Check All: Click Check All to select all checkboxes in the slave tree, specifying the function codes for
read/write operations.

® Read: Click Read to read the current values of the selected function codes.
e  Export: Click Export to export the information of the selected function codes to an Excel file.

e Import: Click Import. In the dialog box that appears, select the function code Excel file and click OK to
import the values into the servo device and update the data list.

o  Write: Modify the function codes and current values (which require a restart to take effect), then click
Write to save the values to the servo device's EEPROM.

o  Restart: Click Restart to restart the selected servo device.
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e Save with one click: Click Save with One Click to save the read or modified values of the selected
function codes as historical data and store the file in the PLC. This allows the HMI to call the function
block to restore the function code configuration with one click.

5.3.2 EtherCAT Slave Configuration

5.3.2.1 General Settings

m  EtherCAT address

The configuration address of the EtherCAT slave refers to the sequential address of the slave device in the
Invtmatic Studio device tree, starting from 1001 and increasing in sequence, as shown in Figure 5-26. You can
find the EtherCAT address of the slave on the Slave Settings interface. This address will be used when the
SDO read/write function block is called, as shown in Figure 5-27.

Figure 5-26 EtherCAT Slave Address

[ mvT_DA200_265 X

General Address Additional

EtherCAT~

AutoIncaddress 0 Enable expert settings

Servo Function Code

I EtherCAT address 1001 = I () optional

Expert Process Data
A Distributed Clock

Process Data

Select DC DC for synchronization w
Startup Parameters Enable 4000 Sync unit cycle (ps)
Sync0:

EtherCAT IfO Mapping Enable Sync 0

EtherCAT IEC Objects © syncunitoycle 1 “ 4000 B Cycle time (us)
Status (0) User-defined 0 L shift time (ps)
Syncl:
Information -
[C) Enable Sync 1
Sync unit cycle xi 4000 Cycle time (us)

Ar| |4

User-defined Shift time (ps)

Figure 5-27 SDO Read Function Block

ETC_CO_SdoRead
TROE ETC_CO SdoRead

11 EN ENO
—|zExecute xDone [—
0 —xBbort xBusy [—
1 —usiCom XError [~
1001 —uiDevice eError [~
—(usiChannel udiSdoRAbort —
1643080 —windex szDataRead [~

4 —bySubindex

1000 —(udiTimeOut

adr ({CouplerVer) —{pBuffer

1 —3z5ize
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m  Distributed clock

This option is used to set the synchronous running mode of the slave. There are three synchronization
modes: freewheeling (FreeRun), synchronization with an input/output event (SM-Synchron), and
synchronization with a distributed clock (DC-Synchron).

The synchronization mode options supported vary depending on the selected slave. Generally, you do not
need to modify this option, as long as the synchronization unit cycle in DC-Synchron mode is consistent with
the EtherCAT task cycle, as shown in Figure 5-28.

Figure 5-28 Distributed Clock Parameters

1] INVT_DA200_265 X

| General Address Additional 2
~—
AutoIncaddress 0 = Expert settings EtherCAT.
Servo Function Code
EtherCAT address 1001 = [] optional

Expert Process Data
Distributed Clock

Process Data

Select DC DC for synchronization ~
Startup Parameters Enable 4000 Sync unit cycle (ps)
Sync 0
Log
Enable Sync 0
EtherCAT /O Mapping @ Syncunitcycle [y ~ Cycle time (ps)

(O User-defined 0 = shift time (ps)

EtherCAT IEC Objects

[] Based on Input Reference
Status
Sync1

Information [] Enable Sync 1

Sync unit cycle x1 4000 Cycle time (ps)

User-defined 0 = Shift time (ps)

m  Node alias

When EtherCAT addresses are used, if the actual device connection order is inconsistent with the
configuration order, the bus will not operate normally. If you hope that the actual slave connection order will
not be affected by the configuration order, you can use the alias function to rename the servo. During the
connection process, the servo is no longer identified by the automatically assigned node address, but by the
name. To use the node alias function correctly, you need to set the node alias of the slave first. The operation
steps are as follows:

Step 1 Set the alias address after scanning the relevant device.

Figure 5-29 Setting a Node Alias

Scanned Devices

Device name Device type Alias Address

INVT_DAZ00_FEE DA200-N EtherCAT(CoE) Drive V1266 1

Invtmatic Studic x I

o After writing the EEprom alias address a reboot of the device

is necessary. Please switch off and on again.
, [(=3

: 2 [[] Show differences to project

Scan Devices Clese
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Step 2 After the assignment is completed, power off and restart the servo to activate it. Perform scanning

again. At this time, the alias address has been written.

Figure 5-30 Restart to Activate the Node Alias

Scan Devices

Scanmed Devices

Device name Device type Alias Address

THVT_DAZOO_101  DA3O0-N EtherCAT(CoE) Drive | 11

Scan Device

— 200W Q1IIErences To

— nratent

Step 3 Double-click the EtherCAT slave device INVT_DA200_265 in the device tree, check Enable Expert
Settings and select Configured Node Alias in the Identification options, and fill in the correct alias

address, as shown in Figure 5-31Figure 5-31. Then, restart the controller.

Figure 5-31 Filling in the Node Alias

General Address Additional

AutoIncaddress o)
Servo Function Code

Ar[ [

EtherCAT address 1001 Optional

Expert Process Data
Distributed Clock

Pi Dat
T AR Select DC DC for synchronization

Startup Parameters Enable 4000 Sync unit cycle {ps)
Synci:
Enable Sync 0

online

CoE Online Sync unit cycle x1 4000

G

- 0
EtherCAT /0 Mapping User-defined
Syncl:
EtherCAT IEC Objects
Enable Sync 1

Status Sync unit cycle x1 4000

NG

Jser-defi o
Information User-defined

Diagnostics
Current State ${E
Startup Checking Timeouts
DC Cydlic Unit Control: Assign to Local pC
Watchdog

Identification
Disabled

=
EthercAT

Cycle time (ps)

Shift time (ps)

Cycle time (us)

Shift time (ps)

Configured station alias (ADO 0x0012) Value

Write to EEprom Actual address

11

Explicit device identification (ADO 0x0134)

Data Word (2 Bytes) ADO (hex)

16#12
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5.3.2.2 Function Codes

Double-click the servo device under the EtherCAT master, then click Function Code to open the function

code interface. Click a specific function code group to view its data list.

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled1\Untitled1.project
File Edit View Project Build Online Debug Tools Window Help

S ) [ R = ' | (#¥ | Application [Device: PLC Logic] ~ ©f % ¢
Devices v 8 X | [5] Pcrre ) EtherCAT_ETH3 x
=) Unbtled! ? . .
@ Device (P2422-1128) General Check All  Read Export ' Import | Write ' Restart | Save with One click
=3 vice (TP2422-112:
- Save Statton PO Basic control
\, Fault diagnosis summary Function Code [J1" INVT_DA200A_EtherCAT_102
= @0 pLcLogic [MIFs easc control FunCode FunName HistoryValue Currentval
= € Application Sync Unit Assignment O P1Autotuning control P0.00 Motor Type
@ o £ P2Motor control P0.01 Encorder type selecton
Overvienr (O | P31/0 management
) Lorary Manager ]| P4Extension and Applcatior] |P0-02 Mtor Forward Direction
5 PS5 Easy
[E) pc_pra (pRO) Sy ROt Conpadiions [ pseasy06 P0.03 Control Mode Selecton
5§ Task Confiration {J | P6 APP Function
o [0 ' P10 Invisble parameter bo0t kv serya enblig
& EtherCAT_ETH3 Task (ETH3_Tasks) Log [ R User monitoring paramet| |p0.05 Jog speed
= MainTask (IEC-Tasks) {1 ' R11/0 and analog monitorin
N e 4 e P0.06 Numerator of encoder
. puise output
&) pLc_PRG BherCATYO Mapping [ | R2Factory monitoring parar
7 P0.07 Denominator of encoder pulse ou..
PersistentVars Z
EtherCAT IEC Objects P0.08 Puise feedback direction reversing
™) variable usage
PO.
" Vairaton relitlors chisck Status 0.09 Torque limit mode selection
# P20 HSIO (TP200HSIO) Po.10 19t Torgue ekt
i
= [ EtherCAT_ETH3 (EtherCAT Master SoftMotion) TS PO.11 2nd Torque limit
= it INVT_DA200A_EtherCAT_102 (INVT_DA200A_{ P0.13 Power of the external braking re....
M@ SM_Drive_GenericDSP402 (SM_Drive_Ger PO.14 Resistance of the external brakin...
% SoftMotion General Axis Pool P0.15 Defauit monitoring parameters
PO.16 Parameters modification operatio...
P0.17 EEPROM save mode selection

® Check All: Click Check All to select all checkboxes in the list, specifying the function codes for

read/write operations.
o Read: Click Read to read the current values of the selected function codes.

e  Export: Click Export to export the information of the selected function codes to an Excel file.

e Import: Click Import. In the dialog box that appears, select the function code Excel file and click OK to

import the values into the servo device and update the data list.

o  Write: Modify the function codes and current values (which require a restart to take effect), then click

Write to save the values to the servo device's EEPROM.

®  Restart: Click Restart to restart the selected servo device.

e Save with one click: Click Save with One Click to save the read or modified values of the selected
function codes as historical data and store the file in the PLC. This allows the HMI to call the function

block to restore the function code configuration with one click.

5.3.2.3 Process Data Object (PDO)

In practical automation control systems, there are typically two types of data exchange between
applications: time-critical and non-time-critical. Time-critical means that a specific action must be

completed within a defined time window; any failure to communicate within this window may result in
control failure. The process of cyclically transmitting time-critical data is known as Process Data Objects
(PDO). Non-time-critical data, on the other hand, can be transmitted non-cyclically. In EtherCAT, this is

implemented via Mailbox communication using Service Data Objects (SDO).

Output PDO (usually control word and given parameters) is shown in Figure 5-32. Input PDO (usually status

word and feedback parameters) is shown in Figure 5-33. In the EtherCAT I/O mapping interface, you can map

the corresponding variables and call them in the program, as shown in Figure 5-34.
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Figure 5-32 Output PDO

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
Eile Edit View Project Build Online Debug Tools Window Help
D& v i bbBRBX AGABE N9 B(EO

Application [Device: PLC Logic] ~ G ¥ » m

Devices v o x | imt INVT_DA200A_EtherCAT_102 X
=13 Untitled1 hd
Select the Qutputs
= [ Device (TP2422-1128) e P
@4, Fault diagnosis summar Name Type Index
. ag Y Servo Function Code v 16£1600 Output
=& PLC Logic
L o Application Bxpert Process Data Control Word UINT 16£6040:16500
‘ oM Target Position DINT 16#607A:16500
; Process Data Target Velocity DINT 16#60FF:16%00
.ﬂ Library Manager
E] PLC_PRG (PRG) Mode of Operation SINT 16#6060:16=00
o Startup Parameters Target torque INT 1626071:16200
= Task Configuration
Touch probe control UINT 16#60B88:16=00
& EtherCAT_ETH3 Task || | Log "” |
Max profile veloci UDINT 16#607F:16=00
= & MainTask (IEC-Tasks) ’ Y

@ PLC_PRG EtherCAT IfO Mapping

T rpersistentvars
a Variable usage
D Version relation check Status
P TP2xxx_HSIO (TP2xxx-HSIO)
= ([ EtherCAT_ETH3 (EtherCAT Master
=Wt INVT_DA200A_EtherCAT_102
H4P SM_Drive_GenericDSP40
2 SoftMotion General Axis Pool

EtherCAT IEC Objects

Information

Figure 5-33 Input PDO

Untitled1.project® - Invtmatic Studio V3.0 V3.0.0.9---C\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
Eile Edit View Project Build Online Debug Tools Window Help
NeE&lv o bR XAGABEINSTAN & E T

Application [Device: PLC Logic] -~ ©§ %

Devices + 3 X ‘ it INVT_DA200A_EtherCAT_102 X
=3 Untitled1 hd
. Sel| Select the Inputs
= [ Device (TP2422-1128) M
’>._ Fault diagnosis summary tion Code Name Type Index
- [ v 1681A00 Inputs
= @1] PLC Logic — i 16# "
R Status Word UINT 1626041:16200
= o Application cess Data
‘ o Position Actual Value DINT 16%6064:16200
; ata Velocity Actual Value DINT 162606C:16200
m Library Manager
= Torque Actual Value INT 1626077:16200
& merrs pre) e Operation Mode Displ SINT  16#6061:16200
il Taskaﬁguranm peration Mode Display = 1162
Touch Probe Stat UINT 16#60B9:16=00
& EtherCAT_ETH3_Task ouch Frobe Stetus
X Touch Probe 1 Positive value DINT 16#60BA:16200
= @ MainTask (IEC-Tasks) I
i igitali NT #60FD:16%
@ PLC_PRG /O Mapping Digitalinputs uDI! 16#60FD:16200
T Persistentvars EC Objects
D Variable usage
D Version relation check
# P20 _HSIO (TP2xxx-HSIO)
= [ EtherCAT_ETH3 (EtherCAT Master || "
=it INVT_DA200A_EtherCAT_102
HgP SM_Drive_GenericDSP40 B
2 SoftMotion General Axis Pool I

On the Process Data interface, the first row provides PDO editing buttons and displays PDO information, as
shown in the following figure.
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({J mvT_DA200_265 X

nction Code

‘ocess Data

Data

‘arameters

“1/0 Mapping

"IEC Objects

Select the Qutputs

Select the Inputs

Name

v 16#1600 DO Outputs
Control Word
Target Position
Target Velocity
Mode of Operation
Target torque
Touch probe control

Max profile velocity

Type Index
UINT 16#6040:16200
DINT 16%607A:16%00
DINT 16#60FF:16200
SINT 16#6060:16%00
INT 16#6071:16200
UINT 16%60B8:16%00
UDINT 162607F:16200

Name
v 16#1A00 DI Inputs

Status Word

Position Actual Value

Speed Actual Value

Torque Actual Value
Operation Mode Display
Touch Probe Status

Touch Probe 1 Positive value

Digitalinputs

Type

UINT
DINT
DINT
INT
SINT
UINT
DINT
UDINT

Index

16#6041:16200
1626064:16200
162606C:16200
16#6077:16200
16#6061:16%00
16%60B9:16200
16#60BA:16%00
16#60FD:16%00

Figure 5-34 EtherCAT I/O Mapping

[ mvT_DA200_265 X

General

Process Data

Servo Function Code

Expert Process Data

Startup Parameters

EtherCAT If0 Mapping

Status

Information

EtherCAT IEC Objects

5.3.2.4 Startup Parameters

Find Filter Show all ~ ok Add FB for 10 Channel... ™= Go tc

Variable Mapping Channel Address  Type Unit  Description

E ] Control Word SEOW2 UINT Control Word

2 R@ Target Position QD2 DINT Target Position

+- Ty Target Velodty QD3 DINT Target Velodity

=g Mode of Operation %QB16 SINT Mode of Operation

2 !® Target torque QW9 INT Target torque

+-Tg Touch probe control SEOW 10 UINT Touch probe control

+- Ty Max profile velodty %006 UDINT Max profile velocity

+ Status Word YIW4 UINT Status Word

+- 4% Application diActposition " Position Actual Value I3 DINT Position Actual Value

E ] Speed Actual Value AN DINT Speed Actual Value

H- 4 Torgue Actual Value SEIW 10 INT Torque Actual Value

+ ot Operation Mode Display %LIB22 SINT Operation Mode Display

Ea ] Touch Probe Status YalW12 UINT Touch Probe Status

(. ] Touch Probe 1 Positive value %ID7 DINT Touch Probe 1 Positive value
h ‘ L Digital inputs %ID8 UDINT Digital inputs

Some startup parameters can be written to the slave by the SDO write function when the slave is in the
PreOP state, as shown in Figure 5-35.

(1) mVT_DA200_265 x

Figure 5-35 Startup Parameters

Information

General Edit X Delete & MoveUp & Move Down
o Line Index:Subindex Name Value BitLength Abort on Error Jump to Line on Err... Next Line
I 1 16#6040: 16200 Control word 0 16 | 4 O 0
Expert Process Data 2 16#6042:16200 vl target velodty 0 16 O O 0
3 16#6046:16#00 vl velocity min max amount 80 O O 0
ProcessDeta 4 16#6060:16500  Operation Mode 0 8 O O 0
Startup Parameters 5 16#6071:16#00  Target torque 0 16 O ] 0
6 16#6072:16200 Max torque 0 16 O O 0
Log 7 16#607A:16£00  Target Position 0 32 O O 0
T A 8 16#6078: 16200 Position range limit 80 O O 0
EherCATIO Mapping 9 16#607C:16%00  Home offset 0 32 O O 0
EtherCAT IEC Objects 10 16#607D:16#00  soft Position range limit 80 O O 0
11 16#607F:16200  Max profile velocity 0 32 O O 0
Status

In actual use, you can add startup parameters as needed. Taking DA200 servo drive as an example, if you
need to change the homing method to 35 at startup, follow the steps blow:
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Step 1 Click Add on the Startup Parameters interface, as shown in Figure 5-35.

Step 2 In the pop-up window, find the object dictionary 16#6098, namely the homing method, as shown in
Figure 5-36, set the value to 35, and then click OK.

Figure 5-36 Selection of the Homing Method

Select Item from Object Directory

Index:Subindex Mame Flags Type
+ - 16#6091:16%00 Gear ratio
- 16%6093:16500 Position factor
16#6098: 16 £00 Homing method RW SINT
+- 1e#0099: 16500 Homing speeds
16#6094: 1600 Homing acceleration RW UDINT
16#6080: 1600 Position offset RW DINT
16#6081: 1600 Velodty offset RW DINT
1676062: 1600 Torgque offeet RW INT
16#60B8: 16 £00 Touch probe control RW UINT
16#60ED: 16500 Positive torgque limit RW LINT
16#60E1: 16+00 MNegtive torque limit RW UINT
+- 16#60FE: 1600 Digital outputs
16=60FF: 1600 Target Velodty RW DINT
Name Homing method
Index: 16% 6098 $ Bit length (8 $
SubIndex: 16% |0 = Value 35 = Cancel
[ Byte array

Step3 Once added, the corresponding item will be displayed in the list, indicating that the startup
parameter has been added successfully, as shown in Figure 5-35.

5.3.2.5 CiA 402 Axis

When using the motion control function in Invtmatic Studio, you need to first add a 402 axis under the
EtherCAT slave, which will be used as the control object in the program. For details on the corresponding
parameter configuration of the EtherCAT master, see section 5.3.1 EtherCAT Master Configuration. Here, the
EtherCAT master connected to DA200 servo drive slave is taken as an example, which is for reference only.

If you use a slave from INVT, Invtmatic Studio has already pre-processed it and will automatically add the
corresponding axis when you add the slave. If you use a third-party slave, you need to manually add the 402
axis when using it, and add the library file “INVT_DA200_xxx.devdesc.xml” required by this module. Taking
INVT_DA200_265 as an example, the operation steps are as follows:

#Note:
® The highest task priority 0 is recommended for the creation of EtherCAT Master SoftMotion projects.
e Itisrecommended to keep the synchronization cycle and the task cycle consistent and set them =4 ms.

e To create EtherCAT Master SoftMotion, it is recommended to use separate tasks. For example, tasks
such as 1/0, analog input and output, and Modbus communication need to be separated from EtherCAT
Master SoftMotion tasks.

Step1 Right-click Device in the device tree, select Add Device and then Fieldbus > EtherCAT > Maser >
EtherCAT Master SoftMotion.
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Figure 5-37 Process of Adding the EtherCAT Motion Control Master

[ [ Add Device

! Name EtherCAT_Master_SoftMotion

Action
© Zppend device Insert device Plug device () Update device

=

String for a fulltext search Vendor <Al vendors>

Name Vendor Version
+- [0 meEEt
= m Fieldbuses
+-CAN CANbus
=t EtherCAT
= ﬁ Master
m EtherCAT Master 35 - Smart Software Solutions GmbH 3.5.15.30
m EtherCAT Master SoftMotion 35 - Smart Software Solutions GmbH 3.5.15.30

De:

Ethe
Ethe

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

m Mame: EtherCAT Master SoftMotion
Vendor: 35 - Smart Software Solutions GmbH
Categories: Master
Version: 3.5.15.30
Order Number:

Append selected device as last child of
Device

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

Add Device

Close

Step 2 Right-click EtherCAT_Master_SoftMotion and select Add Device to add the INVT DA200 servo drive.

The operation steps are shown in Figure 5-38.

Figure 5-38 Adding DA200 Servo Drive

[ Add Device

Name  INVT_DA200_265_1

Action
© Appenddevice () Insert device Plug device () Update device
String for a fulltext search | Vendor  INVT
MName Vendor  Version D
= m Fieldbuses
=yt EtherCAT
,
= mvT
+ - [l EtherCAT Coupler
+- [ Inverter
= [.Serug Drives 2.
1
m |D.a2m- EtherCAT(CoE) Drive V265 I INVT Revision=16#000000AB EH
|41l DA260-N EtherCAT(CoE) Drive V255 INVT Revision=16#000000AB EH
m DA300-M EtherCAT(CoE) Drive INVT Revision=16#00000064 EH
@ Group by category (] Display all versions(for experts only) (] Display outdated versions
m MName: DA200-N EtherCAT{CoE) Drive V265
Vendor: INVT
Categories: -
Version: Revision=16+000000A8 ﬁ
Order Number: INVT_DA200_265 =
Append selected device as last child of
EtherCAT_Master
#  (You can select another target node in the navigator while this window is open.) 3
Add Device Close
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Step 3 Select INVT_DA200_265 in the device tree, right-click and add SoftMotion CiA 402 Axis, and add the
calling program, as shown in Figure 5-39.

Figure 5-39 DA200 Servo Drive Application Example

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
Ele Edit View Project Build Online Debug Tools Window Help

S==E & dh 45 4 LG B |t (7 ¥ Application [Device: PLC Logic] ~ ©F
T v 3 x [5] Pc_PrG x
= 5 Lnbitied: - 1 PROGRAM PLC_PRG
= (i Device (TP2422-1128) 26 VAR
7., Fault diagnosis summary END_VAR
=&l PLC Logic
=} Application
@ G

m Library Manager
|E] PLC_PRG (PRG)
= Eﬂ Task Configuration
& EtherCAT_ETH3 Task (ETH3_Tasks)
= §8 MainTask (IEC-Tasks)
& pLC_PrG
TI' PersistentVars
D Variable usage
ﬁ Version relation check
¢ T™200¢_HSIO (TP200c-HSIO)
= J EtherCAT_ETH3 (EtherCAT Master SoftMotion)
=-(3) mVT_DA200_265 (DA200-N EtherCAT(CoE) Dr
H&P SM_Drive_GenericDSP402 (Axis) |
2 SoftMotion General Axis Pool

5.3.2.6 Common Parameters of EtherCAT Slave

Common parameters of the EtherCAT slave are listed in Table 5-15. When using it, you need to add the slave
name. For example, if the slave name is INVT_DA200_265, when the slave state is read, the corresponding
variable is INVT_DA200_265.wState.

Table 5-15 Common Parameters of EtherCAT Slave

Variable Name Function
1: ETC_SLAVE_INIT

2: ETC_SLAVE_PREOPERATIONAL
wState 3: ETC_SLAVE_BOOT

4: ETC_SLAVE_SAVEOPERATIONAL

8: ETC_SLAVE_OPERATIONAL
SlaveAddr Slave address

5.3.2.7 Enabling/Disabling a Slave

In actual applications, you may encounter situations where the configuration is inconsistent with the actual
hardware connection, resulting in the inability of the bus to operate normally. In view of this situation,
Invtmatic Studio provides a solution that allows users to disable unconnected slaves to ensure that the bus
can operate normally. When variables associated to a device are used in the program, disabling the device
will prevent compilation errors, as shown in Figure 5-40.
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Figure 5-40 Disabling a Device
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=[] Modbus_TCP_
[ Modbus_T

[# Modbus_TcP_|

B ﬂj Modbus_Mast

Copy
Paste

¥ Delete
Refactoring
Properties...

Add Object
) Add Folder...

[# Modbus_s

Disable Device

ﬂj ModbusDevicg
"2 SoftMotion Ge

levices D POLE

Messaqges - Total 0 erro

#Note:

Update Device...
Edit Object

Ly

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

Add SoftMotion CiAd402 Axis

Add SoftMotionLight CiA402 Axis

e® Disabled devices in the device tree are displayed in light gray color, as shown in Figure 5-41.

Figure 5-41 Device Disabled State

= If[j EtherCAT_Master_SoftMotion (EtherC

=@

=
H

=[] NVT_DAZ00_255_1 (DAZ00-N Ett

M AxisCut (Axis)
m ExtCard (ModuleScan)

e  When you log in to the system, the running states of disabled devices will not be displayed, as shown in

Figure 5-42.

ﬂ'i EtherCAT_Master_SoftMotion (EtherCAT Master !

=@

=@

[ mvT_DA200_265_1 (DA200-N EtherCAT(Cof

B AxisCut (Axis)
ﬂ'i ExtCard (ModuleScan)

Figure 5-42 Program Running While Disabled Devices Inactive

202605 (V1.1)

121



INVT Medium- and Large-Scale PLC Software Manual Communication Network Configuration

e  When you need to re-enable the device, click “Enable Device”, as shown in Figure 5-43.

Figure 5-43 Enabling a Device

Devices * 3 X
=) Lintitledd hd
=[]l Device (TM753)
D Auto scan

O‘ Fault diagnosis summary
+ 2 PLE Logic
D Variable usage
m TM75x-HSIO (TM75x%-HSIC)
[ FL1002_320001 (FL1002-32000T)
m ExtCard (ModuleScan)
= m EtherCAT_Master (EtherCAT Master SoftMotion)

=@

H Copy
= [ mwT_ba3g Paste
B axis_t| ¥ Delste
- m Modbus_TCP | Refactoring 3
m Modbus_Td
[ modbus_tcr s
B m Modbus_Maste Add Object
[T Modbus_si3 [ Add Folder...
@ MDdbusDevicez‘ Enable Device
"3 SoftMotion Gen Update Device...
Edit Object

Properties...

Ly

5.3.3 EtherCAT Cable Redundancy Function

EtherCAT can use the cable redundancy technology to meet the rapidly growing system reliability
requirements. This technology can ensure that devices can be replaced without shutting down the network.
Adding redundancy is not expensive: Just add a standard Ethernet port (no dedicated network card or
interface required) and a network cable to the master device to transform the linear topology into a ring
topology. When a device or cable fails, switching can be completed in just one cycle. Therefore, even for
applications with motion control requirements, there will be no problems in the event of a network cable
failure.

EtherCAT uses hot backup to support master cable redundancy. Once an outage, device failure, or other
issues occur, the EtherCAT slave controller can automatically return Ethernet frames immediately, so the
entire network will not be shut down. If there is a network interruption between Slave2 and SlaveN-2 in this
topology, as indicated by the red part in Figure 5-44 a), the communication of all slaves after Slave N-2 will
also be interrupted accordingly, which is also a disadvantage of the standard topology.

Figure 5-44 EtherCAT Cable Redundancy

EtherCAT Master EtherCAT Master

RX Unit X Unit RX Unit TX Unit
MAC 1 MAC 1 MAC 1

Slave 1 Slave 2 Slave N-1 Slave N Slave 1 Slave 2 Slave N-1 Slave N
m X & @’\ [ —Trx] [ [Rx] i ] [X] [RX] E \ [’x] [0x] [’Rx] [
X] EXle—{x] R\ ] [RX [7x] [BX x] [Ex] (] [RX x] [RX] (x] [RX

a) EtherCAT standard topology structure b) EtherCAT redundant topology structure

In Figure 5-44 b), the master only needs two standard network ports to implement this topology. Using these
two network ports, all slaves can form a loop. Even if the network is interrupted during use, as indicated by
the red part in Figure 5-44 b), the master will immediately detect the error and automatically divide the
communication into two paths, while the slaves can continue communication to ensure the stable operation
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of the system.

#Note: According to the EtherCAT protocol standard, the first slave is the standard clock, so the failure of the
first slave will affect the communication of the entire bus.

As shown in Figure 5-45, you can configure a cable redundancy ring network as follows:

Double-click Slave EtherCAT_X3 to open it, and check Enable redundancy to show Redundancy EtherCAT
NIC Setting parameters. For both EtherCAT NIC Setting and Redundancy EtherCAT NIC Setting, it is
recommended to check Select network by MAC or Select Network by name. The latter one is used in
Invtmatic Studio by default. Click Browse to confirm that the corresponding EtherCAT network interface is
well configured, and then check Automatic restart slaves.

#Note: When the network cable between the first and second slaves is unplugged, the three slaves on the
bus can still operate normally.

Figure 5-45 EtherCAT Cable Redundancy Ring Network Configuration

Devices - 0 X [ EthercAT_Master x | [ Device
= 5 Untitiedd = —
= [ Device [connected] (TM753) General Autoconfig Master/Slaves EtherCAT. ™
D Auto scan

FITEETo Eris EtherCAT NIC Setting
Q Fault diagnasis summary

+ 2l pLC Logic Sync Unit Assignment Destination address(MAC) FF-FF-FF-FF-FF-FF Broadcast Enable redundancy

D Variable usage Source address (MAC) Browse...

Log

[ ™75xHSIO (M75%-HSIO)
Network Name

[ FL1002_320001 (FL1002-320001)

EtherCAT /0 Mapping Select network by MAC Select network by name
m ExtCard (ModuleScan)
= m |Eﬂ1erCAT7Ma5ber (EtherCAT Master SoftMotion) EtherCAT IEC Objects Redundancy EtherCAT NIC Setting
= 73 [{J mvT_DA300_101 1 (DA300-N EtherCAT{CoE) D
Status Destination address(MAC) FF-FF-FFFF-FF-FF Broadcast
H axs {Axis)
= i Source address (MAC C5-73-08 Browse...
Il FK1100_ECT_Coupler (FK1100_ECT_Coupler_1. Infarmation (Mac)
m FL6112_2E1 (FL6112-2ED) Network Name
# alfl Modous TCP_Mester (Medous TCP Master ) Select network by MAC Select network by name
m Modbus_TCP_Slave_Devicel (Modbus TCP Slave De
# %3 [ Modbus_Master1 (Modbus Master1) Distributed Clack Options
) W WR/|
m ModbusDevice2 {ModbusDevice2) Cycle time 2000 = s Use LRW instead of LWR/LRD
2 SoftMotion General Axis Pacl Sync offset = <y Enable messages pertask
o Automaticrestart slaves
Sync window monitoring
Sync window i | oes

5.3.4 Dual EtherCAT Masters

5.3.4.1 Dual-Master Application

TP2422 series PLC supports dual EtherCAT masters. In Invtmatic Studio, when you select the device TP2422,
you can add two EtherCAT masters and automatically assign EtherCAT network ports X3 and X2, as shown in
Figure 5-46. It is generally recommended to connect the servo and 402 axis with higher real-time
performance to EtherCAT_ETH3, and couplers to EtherCAT_ETH2.
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Figure 5-46 Dual EtherCAT Master Connection Effect
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5.3.4.2 Task Configuration

The TP2422 is a quad-core model. As shown in Figure 5-47, four tasks are configured: MainTask,
EtherCAT_Task, EtherCAT_ETH3_Task, and EtherCAT_ETH2_Task. MainTask and EtherCAT_Task belong to

the IEC-Tasks task group, EtherCAT_ETH2 Task belongs to the ETH2_Tasks task group, and
EtherCAT_ETH3_Task belongs to the ETH3_Tasks task group.
Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled 1.project
Eile Edit View Project Build Online Debug Tools Window Help
=] =EH & a4 2/ ﬁ ") R j [#% | Application [Device: PLC Logic] ~ ’-ﬁ
Devices >~ 3 X =] PLC_PRG (#4 Task Configuration X
=3 Untitled1 || TaskGroups Monitor Variable Usage System Events Properties
- U3 Device (TP2422-1128) s Add Group Remove Group
"% Fauit diagnosis summary Group Name Core Priority
1D e = Tt 0
A ) & MainTask 21
: f:‘ ; & Task 21
ibrary Manager = ETH3 Tasks 1
l% PLC_PRG (PRG) & EtherCAT_Task 2o
= [ Task Configuration 3. Tads 5
& EtherCAT_ETH2 Task (Tasks) & EtherCAT_ETH2_Task &0
& EtherCAT_Task (ETH3 _Tasks) ETHD Tasks 3
+ @ MainTask (IEC-Tasks) —
£ Task (IECTasks)
‘F PersistentVars
D Variable usage
D Version relation check
$ TP200_HSIO (TP2xxx-HSIO)
= \ﬂ EtherCAT_ETH2 (EtherCAT Master SoftMotion)
= [ INVT_DA200_265_1 (DA200-N EtherCAT(CoE),
H4P SM_Drive_GenericDSP402_1 (Axis)
= uj EtherCAT_ETH3 (EtherCAT Master SoftMotion)
=3 NVT_DA200_265 (DA200-N EtherCAT(CoE) Dr|
H4&P SM_Drive_GenericDSP402 (Axis)
A SoftMotion General Axis Pool
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The core selection is shown in the figure below.

FEile Edit View Project Build Online
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The selection of task priorities and task groups is shown in the figure below.

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project
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The selection of the bus cycle task is shown in the figure below.
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5.4 CANopen

CANopen is a higher-layer communication protocol that is based on the Controller Area Network (CAN)
protocol and extended from the CAL protocol, including communication profile and device profile.

The communication model defines four types of messages (communication objects)
1. Management message

It mainly involves layer management, network management, and ID assignment services: such as
initialization, configuration, and network management (including node protection). The services conform to
the LMT, NMT, and DBT services of the CAL, and uses the master/slave communication mode, which means
there can only be one LMT, NMT, or DBT master node and one or more slave nodes in a CAN network.

2. Service Data Object (SDO)

SDO enables clients to use indexes and sub-indexes (in the first few bytes of a CAN message) to access items
(objects) in the device (server) object dictionary.

SDO is implemented through a multi-domain CMS object in CAL that allows the transfer of data of any length
(The data will be split into several messages when it exceeds 4 bytes).

SDO communication follows many protocol rules, generating a response for each message (two IDs are
required for an SDO).

SDO request and response messages are fixed to 8 bytes (meaningless data lengths are indicated in the first
byte which carries the protocol information).

3. Process Data Object (PDO)

PDO is used to transfer real-time data from a creator to one or more recipients. Data transfer is limited to 1 to
8 bytes (for example, one PDO can transfer up to 64 digital I/O values, or 4 16-bit AD values).

PDO communication has no protocol defined. PDO data content is defined only by CAN ID, assuming that the
creator and recipients know the data content of the PDO.

Each PDO is described by two objects in the object dictionary:
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A.  PDO communication parameters determine which COB-ID will be used by the PDO, transmission
type, prohibition time, and timer cycle.

B. PDO mapping parameter: a list of objects in the object dictionary that are mapped to the PDO,
including their data lengths (in bits). The creator and recipients must know this mapping to
interpret PDO content.

PDO message content is predefined (or configured at network startup). Mapping application objects to the
PDO is described in the device object dictionary. If the device (creator and recipients) supports variable PDO
mappings, the PDO mapping parameters can be configured using SDO messages.

PDO can be delivered in the following modes:
A.  Synchronization (by receiving SYNC objects)

Acyclic: The transmission is pre-triggered by a remote frame or by an object-specific event defined in
the device profile.

Cyclic: The transmission is triggered after every 1 to 240 SYNC messages.
B. Asynchronization

The transmission is triggered by a remote frame or by an object-specific event defined in the device
profile.

4. Predefined messages or special function objects
A.  SYNC
B. Timestamp
C. Emergency

D. Nodeguarding
5.4.1 CANopen Master Configuration

5.4.1.1 Using the Master

The associated CANopen slave device profile must first be installed into the system. The device profile can be
a *.Devdesc.xml file or an EDS (Electronic Data Sheet) file for the manufacturer.

Install the corresponding CANopen slave device. For example, if the TM series PLC uses CANopen, you need
to install the expansion module first. The operation steps are as follows:

Step 1 Double-click ExtCard in the device tree and enter the Settings interface. The default option is None.
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Figure 5-47 ExtCard Expansion Card Interface

S8 LF201 project - Invtmatic Studio V3.0 V3.0.1.4---C)\Users\Administrator\Desktop\ 588 $5\ & L F20 1\ & LI201 project
File Edit View Project Build Online Debug TJools Window Help

e & oh 25 04 05 =) (" (¥ | Application [Device: PLC Logic] ~
Devices - B X 4 Eextcard x
=3 #&I&o -
= [ pevice (M753) &t Card Config Please select the device type of Bxt Card
D) Auto scan ~
.. Fault diagnosis summary i s @one; (O Canpen
=@ PLC Logic CPU Scan Parameters
= £ Application
@ cn Status
m Library Manager
[E) pLc_PrG (PRG) Information

= (@8 Task Configuration
& EthercaT_Task
= & MainTask
&) pLc_PRG
T Persistentvars
j Variable usage
[} Version relation check
B ™_hsi0 (Ma+s10)
= (@ EtherCAT_ETH3 (EtherCAT Master SoftiMotion)
= (i ™wT_DA200_255 (DA200-N EtherCAT(CoE]
H Ais (Axis)
= () Modbus_Master_1 (Modbus Master 1)

§) Modbus RTU Slave_1 (Modbus RTU Slave
(i ExtCard (ScanModuie)
& SoftMotion General Axis Pool

Step2 Select CanOpen. Then the left device tree will automatically add CANbus

Bus and
CANopen_Manager.

Figure 5-48 Selecting CANopen Extension
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5.4.1.2 Adding a CANopen Slave Node

Take our DA200 CANopen slave node as an example. Add DA200 slave device under CANopen Manager after
adding the EDS file of this slave node, as shown in Figure 5-49.
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Figure 5-49 Device Tree Structure with a CANopen Slave
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At this time, the software configuration of the CANopen master is completed.
5.4.2 CANopen Parameter Configuration

5.4.2.1 Network and Baud Rate Configuration Parameters

Figure 5-50 CANbus Bus Parameter Configuration

m CANbus »
| General General
L MNetwork 0 < c n "
Baudrate (kbit/s) |250 v| |

| CANbus IEC Objects

Status

Information

The baud rate must be consistent with the servo parameter P4.02 (CAN communication baud rate).
o  Network: the number of CAN networks connected via the CANbus. Range: 0-100.

e Baud rate: the baud rate used for transmission on the bus. Different baud rates can be set (for
example, 10kbps, 20kbps, 50kbps, 100kbps, 125kbps, 250kbps, 500kbps, 800kbps, 1000kbps).

The maximum number of devices available at the physical layer depends on the drive power of the
transceiver, mainly on whether the transceiver of the transmitting device can overcome the
minimum total ohmic bus load. Each module connected to the bus reduces the ohmic bus load.
Therefore, once the number of devices exceeds a certain limit, the drive will no longer be able to
provide the required power.

e Termination resistor

A typical CANopen bus requires a 120Q termination resistor at each end to eliminate signal
reflections within the communication cable. Signal reflections are caused by two conditions:
impedance discontinuity and impedance mismatch.
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Impedance discontinuity

Reflections occur when a signal suddenly encounters very low or zero cable impedance at the end
of a transmission line, a principle similar to light reflection when light passes from one medium
into another. To eliminate this, a termination resistor matching the cable's characteristic
impedance should be connected at the end of the cable to ensure impedance continuity. Since
signals are transmitted bidirectionally along the cable, a termination resistor with the same
resistance should also be connected at the other end of the communication cable.

Impedance mismatch

Another cause of signal reflection is impedance mismatch between the data transceiver and the
transmission cable. This type of reflection is mainly manifested as data disorder across the
network when the communication line is idle. To reduce the impact of reflected signals on the
communication line, methods such as noise suppression and bias resistors are commonly used.
The 120Q termination resistor parameters mentioned above applies to a 1Mbit/s transmission rate
with a 40m maximum cable length. For different network lengths and baud rates, refer to Table
5-16.

Table 5-16 Recommended Cable Resistance per Unit Length and Termination Resistance

Bus cable
Bus length (m) Resistance per unit | Cross-sectional area rz:::al:::“()g) Baud rate
length (mQ/m) (mm?

0-40 70 0.25-0.34 124 1Mbit/s
40-300 <60 0.34-0.6 150-300 >500kbit/s
300-600 <40 0.5-0.6 150-300 >100kbit/s

600-1000 <26 0.75-0.8 150-300 >125kbit/s

5.4.2.2 Master Configuration Parameters

CANopen Management is a node under the CANbus node that supports CANbus configuration through
internal functions. It is generally used as the CANbus master. The configuration page is shown in Figure 5-51.

Devices

Figure 5-51 CANopen Master Parameter Configuration
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B General

e Node ID: It provides an array pair module that CANopen Manager can correspond to one-to-one,
with ID values of 1-127 (must be a decimal integer).

o Autostart CANopen Manager: If this option is enabled and all slaves are ready, the CANopen
Manager automatically starts and enters the Operation mode. Otherwise, it must be started
manually, for example, by using the NMT function block in the CiA405 protocol through the
CodeSys program.

e  Start Slaves: If this function is enabled, the CANopen Manager automatically starts all slaves.
Otherwise, the slaves are started by the NMT function block in the CiA405 protocol.

e  Polling of optional slave: If a slave does not respond in time during boot-up, a request is sent
once per second until the slave responds.

®  NMT error behavior: When an NMT fault occurs, you can select whether to restart or stop the
slave.

B Guarding

e Different from node protection, the heartbeat mode is a traditional protection mechanism that
can be handled by the master and slave modules. Normally, the master is configured to send a
heartbeat to the slave.

e Enable heartbeat producing: If this option is enabled, the master will send heartbeats
continuously according to an internally defined “heartbeat time”.

o Node ID: The node ID sent by the Heartbeat Producer. The default value is 127, which indicates
the CANopen master.

®  Producer time (ms): It defines the internal heartbeat time in milliseconds, that is, the interval at
which heartbeat messages are sent.

m  SYNC
The synchronization function mainly provides the following features:

Network-wide synchronization, especially in drive applications: Input values are stored simultaneously
across the network and then transmitted. Output values are updated based on the messages received
after the previous SYNC.

Master/slave mode: The SYNC master node sends SYNC objects periodically, and the SYNC slave nodes
execute their tasks synchronously upon receiving it.

A synchronous PDO is transmitted within a specified time window after the SYNC message is
transmitted.

It is implemented using CMS objects of the basic variable types in CAL.

CANopen recommends using the highest-priority COB-ID to ensure proper transmission of
synchronization signals. A SYNC message may carry no process data to keep the message as short as
possible.

®  Enable sync producing: Enables the function for sending SYNC messages.
®  COB-ID (Hex): Specifies the COB-ID (hexadecimal) of the transmitted SYNC frame.
®  Cycle period (us): Specifies the cycle period for transmitting SYNC frames, in microseconds.

o  Window length (us): Specifies the synchronous PDO time window, in microseconds.
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B Time

Enable time producing: Enables the Time Stamp. After this function is enabled, the CANopen Manager
sends time information according to the related settings.

COB-ID (Hex): Specifies the COB-ID for transmitting the time stamp. The default value is 16#100H.

Producer timer (ms): Specifies the interval for transmitting time stamps. The value must be a multiple
of the task cycle time.

#Note: The master configuration parameters must be consistent with the servo configuration
parameters.

5.4.2.3 Slave Configuration Parameters

Untitled1.project - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled 1.project

file Edit View Project Buld Online Debug Tools Window Help
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S-© Appiication sDos [] Enable expert settings
" [] Enable SYNC producing
Log
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5 Guardin,
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= |29 Task Configuration Emergency (EMCY) TIME
+ & MainTask (IEC-Tasks) CANopen IEC Objects

£ Task (IEC-Tasks)

Checks at Startup

Statu
T persstentvars .

™) Variable usage
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# P20 _HSIO (TP200x-HSIO)

Information

= [ canbus (canbus)

= (@ caNopen_Manager (CANopen_Manager)
(@) DA200A_Drive (DA200A Drive)
‘3 SoftMotion General Axis Pool

B General:

Node ID: Specifies the slave node ID. The configurable range is 1-127. The node ID must be
consistent with the servo parameter P4.05 CAN communication node.

Enable sync producing: If this option is enabled, the slave supports synchronous transmission.
The specific synchronization time is set in the CANopen Manager.

Optional device: If this option is enabled, the device is not started in the CAN network.

Not initialised: If this option is enabled, the master does not send SDO configuration
information or NMT start commands to the slave.

Reset node: If this feature is supported by the hardware, enabling it will reset all CANopen
parameters.

®  Node guarding

Enable node guarding: Enables the Node Guarding function.

Guard time (ms): Specifies the transmission interval.

Life time factor: Specifies the multiplier of the guard time.

Enable heartbeat producing: Enables the heartbeat producing function.

Producer time (ms): Specifies the transmission interval.
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®  Emergency (EMCY)

e Enable emergency: Enables the EMCY function. If a bus fault occurs, an error message is
transmitted using the configured COB-ID.

®  COB-ID: Specifies the COB-ID for emergency transmission.
m  Time
e  This function depends on whether it is supported by the corresponding slave device.
e Enable time producing: Enables the Time Producing function.
®  COB-ID: The COB-ID for transmitting the time stamp.
e Enable time consuming: Enables the Time Consuming function.

®  Checks at startup

If the related options are enabled, the CANopen slave firmware version information is compared with
the information in the EDS file. If the information does not match, the slave cannot start.

o Check vendor ID: Checks the vendor ID (index 1018, sub-index 1).
®  Check product code: Checks the product code (index 1018, sub-index 2).

o  Check revision number: Checks the revision number (index 1018, sub-index 3).

5.4.3 PDO Mapping Configuration

The number of PDO bytes directly affects the single-frame transmission time and bus load. Under a fixed
update cycle, a larger data volume requires a higher baud rate; conversely, at a given baud rate, a larger PDO
size results in a lower supported update frequency. Therefore, system design must strike a balance among
real-time performance, data volume, communication distance, and network scale. Proper configuration of
the PDO mapping and baud rate ensures the stable and efficient operation of the CANopen network.

5.4.3.1 PDO Mapping Modification

This option is used to display the specific parameters of the currently configured TPDOs and RPDOs, as
shown in Figure 5-52. Mapping addresses can be added, deleted, or modified in Receive PDOs and Transmit

PDOs.
Figure 5-52 PDO Mapping Modification
Receive PDOs (Master => Slave) Transmit PDOs (Slave => Master)

Add PDO e |- Add PDO Add Mapping Edit Delete Move Up |-}
Name Object Bit leng Name Object Bit leng!
v/ 16#1400: Receive PDO Communi 16#201 ($NODEID+ 56 v 16#1800: Transmit PDO Commun 16#181 ($NODEID+ 56

Controlword 16%60405ub00 16 Statusword 16#60415ub00 16

Modes of operation 16=60605ub00 8 Modes of operation display 16#60615ub00 8

Target Position 16%607Asub00 32 Position actual value 16#6064sub00 32
v/ 16#1401: Receive PDO Communi 16301 ($NODEID+ 48 v 16#1801: Transmit PDO Commun 16#281 ($NODEID+ 64

Target_velocity 16#60FFsub00 32 Velocity_actual_value 16#606Csub00 32

Target_torque 1626071sub00 16 Torque_actual_value 1626077sub00 16

16#1402: Receive PDO Communi 16#401 ($NODEID+ 0 Current_actual_value 16#60785ub00 16

16#1403: Receive PDO Communi 16#501 ($NODEID+ 0 16#1802: Transmit PDO Commun 16#381 ($NODEID+ 0

16#1803: Transmit PDO Commun 16#481 ($NODEID+ 0
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Double-click the bold black text in Figure 5-52 to configure the corresponding PDO mapping parameters. You
can modify its COB-ID, transmission type, and other parameters. The configuration interface is shown in
Figure 5-54.

Figure 5-53 PDO Property Settings

PDO Properties K

COB-ID $NODEID +16%200)|
= 16201 (513)

Inhibit time (x 100ps) 0 =

-

Transmissiontype Asynchronous - device-profile-spedific (Type 255 v

Number of syncs 1 -

Event time (x 1ms) 0 5

Process by CANopen Manager

conce

5.4.3.2 PDO Transmission Modes

Transmission Type Synchronous Cyclic | Synchronous Acyclic Asynchronous
0 - ' -
1-240(%) va . .
254 - - v

TPDO transmission type 1-240: The PDO is transmitted upon receiving every 1 to 240 SYNC signals.
Asynchronous TPDO transmission (254/255): The PDO is transmitted whenever the mapped data changes.

Asynchronous trigger (254): When the event timer is non-zero, the slave periodically transmits the Transmit
PDO (PDO Tx).

When the event timer is zero, the slave will transmit the corresponding PDO Tx as long as its data changes.
However, the transmission interval is restricted by the inhibit time; the same PDO Tx message can only be
transmitted once within the inhibit time. This effectively reduces the bus load.

5.4.3.3 Addition of PDO Rx/PDO Tx

Figure 5-52 shows the PDO editing interface. By default, there are 4 Receive PDOs (PDO Rx) and 4 PDO Tx. If
the total number of PDOs configured in the default EDS file is less than 8 and you need to add more PDOs,
click Add PDO. The COB-ID and transmission type of the added PDO can be customized. After clicking OK,
the system will generate a COB-ID for the PDO. However, the generated PDO does not yet possess
communication capability; perform variable mapping for it. According to the CANopen protocol, each PDO
supports a data transfer size of 8 bytes.
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1. Adding Mappings

Once the PDO is added, configure 8 bytes of communication variables for it. Select Add Mapping. Add
the PDO and click Add PDO. The window shown in Figure 5-54 will pop up automatically. Select the

index and sub-index, and then click OK.

Figure 5-54 Mapping Addition
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Index: 16
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SubIndex: 16%

5.4.3.4 PDO Mapping View

Name
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+ - 16¥1A01:16%00
+ 16#1A02:16=200
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+- 16#1C12:16200
+ 16%1C13:16%00
+- 16#1C32:16200

16#2000: 1600

16%2001:16700

DO RxPDO-Map1
DO RxPDO-Map2
DO RxPDO-Map3
DI TxPDO-Map0
DI TxPDO-Map1
DI TxPDO-Map2
DI TxPDO-Map3
RxPDO assign
TxPDO assign

SM output parameter
[P0.00]MotorType
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[Do RxPDO-Map0

1600

0

[ Byte array

Bit length 64

Value

Data type

T

0

RW

Type *

TR

DINT

Cancel

After completing all CANopen communication configurations, you can view all configured communication
variables in the CANopen 1/0O Mapping interface. Once online, you can monitor the status of these variables
in real time, as shown in Figure 5-55.

(1] pA200A_prive x
General

PDOs

SDOs

Log

CANopen I/0 Mapping

Figure 5-55 CANopen 1/O Mapping Status

CANopen IEC Objects
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UINT
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UINT
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DINT
DINT
INT
INT
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5.4.4 SDO Communication Example

PDO-based data exchange is simple and straightforward. However, once configured as PDO data, the data
occupies a certain amount of bus load. Therefore, avoid configuring too many slave devices on the same bus.

SDO communication is primarily used by the master node to configure parameters for slave nodes. It is
designed to transmit large, low-priority data between devices, typically for configuring devices on a
CANopen network. Before issuing NMT commands, the master uses SDO to read and write the PDO mapping
data of each slave. After this is complete, the master sends the NMT start command, after which PDO
operation is performed by default.

However, this does not mean that SDOs can only be used as a communication channel for parameters before
the CANopen network officially starts. When too many PDOs are used on the bus resulting in a heavy bus
load, SDO communication can be utilized through specific methods to transmit lower-priority data, such as
reading the temperature value of the servo drive. The following sections describes how to implement this
function by adding a specific function block in CoDeSys.

5.4.4.1 Library Configuration

In CODESYS, if the CANbus has already been added, the system will automatically include this library.
Otherwise, you need to manually add the library CAA CiA405. Once added, you will see the SDO access folder
within this library, as shown in the following figure.

In the SDO access folder, there are 4 CANopen SDO communication function blocks: The first group,
SDO_READ_DATA and SDO_WRITE_DATA, is used to read/write parameter objects of any size. The second
group is SDO_READ4 and SDO_WRITE4, which can read/write 4 bytes of an object.

m Library Manager X
[E3 Add Library X Delete Library 5 Properties 73 Details 5] Placeholders °# Library Parameters... (ffjl Library Repository @ Ic

Libraries used in application ‘Device.Application’

Name Namespace Effective Version
=l i}
+ 10 cense
=B ging = I ging 1 e g 1 o
+ | CAA CiA405 = CAA CiA 405, 4.1.0.0 (CAA Technical Workgroup) CIA405 4.1.0.0 o
3| = i}
&-| C evice 4 [i]
3| H i = H i H i}
- Io o
s s ’ o
. " - ——— - - —— _—
Contents of selected library 'CAA CiA 405, 4.1.0.0 (CAA Technical V Details about selected library element 'SDO_READ4'
+-12) Own node id ¥|A| =0 Inputs/Outputs @] Graphical z] Documentation
+ 1) Query state
=) SDO_READ4
() SDO access —|[INETWORK =1] CONFIRM}—
+ 1) obsolete (only for compatibility) —[ENABLE i= FALSE] ERROR}—
- —[TIMEOUT =0] DATA—
|£] spo_RreaD4 —DEVICE DATALENGTHf—
|E] SDO_READ_DATA —[CHANNEL =1] ERRORINFO p—
= —INDEX
[E] SDO_WRITE4 —lSUBINDEX

5.4.4.2 POU Addition

This section takes SDO_READ_DATA as an example to explain how to use this function block. Its graphical
interface is shown in Figure 5-56. To use this function block, configure the required input and output
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parameters. Table 5-2 provides detailed descriptions of each input and output parameter for this function
block.

Figure 5-56 Library Addition

—NETWORK
—EMABLE
—TIMEOUT
—DEVICE
—CHAMMNEL

— INDEX
—SUBINDEX
—MODE
—DATA
—DATALENGTH

SDO_READ_DATA

COMFIRME—
ERROR—
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5.5 EtherNet/IP

5.5.1 EtherNet/IP Master Configuration

5.5.1.1 Configuration the Master

Assume that the TM753 is used as the master and the coupler is used as the slave. Configure the master as

follows:

Step 1 Right-click Device (TM753) and select Add Device.
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Step 2 Inthe Add Device dialog box, locate Ethernet and select Add Device.
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Step 4

In Miscellaneous, locate EtherNet/IP Scanner, and click Add Device.

B ™ _nsto (vsio)

[ EthercAT (EtherCAT Master Softh

[ Extcard (scanModule)
[ Ethernet (thernet)
A SoftiMotion General Axis Pool

Bu vima - - o x
File Edit View Project Build Online Debug Tools Window Help Y
B H & o > % BR (@ Add Device X KI[Eo=zc=+=3 |o |H
Name  |EtherNet_IP_Scanner |
Devices. ~ 3 - | IBE ~ 3 x
Action F
=5 s 2o
@ appenddevice (O) Insert device 2 ce (O Update device
= [ pevies (M753) | My Favorite
@ Auto scan String for a full text search | vendor | <allvendors> - Basic Instructions
1, Fault diagnosis summary
Bl #Lc Lot Name Vendor Version  Description [ ST sentence @
B ogic
=) Application = [ Miscellaneaus °F
8 Lbrary Manager EtherNiet/IP Adapter __INVT. 3.5.15.0 A device that works as an EtherNet/IP Adapter. © For
PLC_PRG (PRG) [ [EtherNet/P Scanner | IWT 35,150 EtherNet/IP Scamer © WHILE
i - % (i Fiekdbuses O @k
(B8 Task Configuration o T
&
& EtherCAT Task [100% [@ © @R
= g2 MainTask o TP
&) pLc_rRG ~ mvr b/
Variable usage 8 2
[P version relation check

Extension Instructions
Motion control

Process instructions
High speed I/0 instructid
Communication instructiof

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

Customize...

[ mame:EtherNet/IP Scanner

a
Vendor:TNVT
Categories: -
Version: 3.5.15.0 y
Order Number: 1 -
Description: Etheret/IP Seanner

o

Append selected device as last child of
Ethernet

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

100% |@
< > ||« >
B watch 1 @ Messages - Total 0 error(s), 0 waming(s), 1 message(s)
Lastbuid: €3 0 0 Precompie k=) Project user: (nobody) [N
Step 5 The EtherNet/IP Scanner device is added successfully.
o x
Fle Edit View Project Build Online Debug Tools Window Help Y
P& o= 4 B@E (@ Add Device XR[=5=¢=-=3 |» M
- - Name [Etherniet_IP_Scanner | e P
vices - - 18 -
=5 tneds Action _Seardv
- @ Appenddevice O Insert device device () Update device =
(@ Device (M753) 0 My Favorite
Auto scan [String for & full textt search | vendor | <allvendors> ™ Basic Instructions
. Fault diagnosis summary
Name Vendor Version  Description [ ST Sentence o
=B PLC Logic P
= £ Application = [@ viscellaneous S
i) trory Manocer EtherNet/IP Adepter  INVT 3.5.15.0 A device that works as an EtherNet/IP Adapter O R
PLC PRE (PRS) [ [EtherNet/iP Scanner | movT 3.5.15.0  EtherNet/IP Scanner O tellE
=@ Tasl:Cwnﬁgurahwn * [ Fetdouses oo=
© REPEAT
& EtherCaT Task [0 [& © CONTINUE
=& MairTask oI
& pLc_PrG P v
[} variable usage 3 B
Version relation check

W ™_ks0 (TMsIO)

[ EthercaT (EtherCAT Master Softy

[ Extcard (scanModule)
[ Ethernet (Ethernet)
"4 SoftMotion General Axis Pacl

Extension Instructions
Motion control commands
Process instructions
High speed 1/0 instructig
Communication instructio}

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

Customize...

[ wame:Etheret/P scanner

~
Vendor:NVT
Categories: -
Version: 3.5,15.0 §
Order Number: 1 =
Description: Ethernet/P Scanner

v

Append selected device as last child of
Ethernet

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

Add Device Close
100%
< HIE >
[ Watch 1| [E] Messages - Total 0 error(s), 0 weming(s), 1 message(s)
Lastbuld: €¥ 0 & 0 Precompile o k=] Project user: {nobody) (% AR
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Step 6 Right-click EtherNet/IP Scanner and select Add Device.

ﬁ Untitled6.praject™ - Invtmatic Studio V3.0 V3.0.1.1---C:\Users\Administrator\Documents\abc123\Untitled\Untitled6.project - [m] X
File Edit View Project Build Orline Debug Tools Window Help
BEE & o o & BRX(iEaS 9 3 B3 | i- [3 | ¥ | Application [Device: PLC Logic] ~ @8 @ , g & [[= === & | M
Devices > 1 x PLC_PRG X - || I&®E > o x
=1 Lioitlcts -~ 4 YFRCGRA}:’ PLC_PRG P J
= [ Device (m753) N VRR peutars BOOLS || My Favorite
Auto scan 4 | END_VAR Basic Instructions
L, Fault diagnosis summary [1[sT sentence ,,
=B pLC Logic o IF
=€} Application o FoR
) Lbrary Manager O e
PLC_PRG (PRG) o e
= (&8 Task Configuration o FmEe
& EthercAT_Task ’W@ O CTmLE
= & MainTask - = o IMp
&) PLC_PRG ~ BT ©
Variable usage < hd
Version relation check Eiersis e
B m_ns10 (M-+s10) Motion control
[T EtherCAT (EtherCAT Master Softol Process instructions
[ ExtCard (ScanModule) High speed 1/0 instructi
) Communication instructio
% Soffotion Gengl 0 CUt Customize...
Copy
B Paste
¥ Delete
Refactoring 3
Properties...
Add Object
[ Add Folder...
[ [ Add Device.. |
Disable Device
Update Device...
[ Edit Object
Edit Object With...
Edit 10 mapping
< Import mappings from CSV...

B watch 1| [E] Messages

Export mappings to CSV..

Last build: 0 0 P L o i
B Visualization Element Repository =8 FHE recompie o Project user: (nobody) [0k
Step 7 Select FK1300 (the generation procedure is explained later), and click Add Device.
nvtmatic 5t —-CAUsers - o x
Fle Edit View Project Build Online Debug Tools Window Help Y
e E& >~ L B@’ [ Add Device x Wfzs=r== | = BB
Name  [FK1300 |
Devices - B X ~| THiF - 1 X
Action F
=5 s .
@ Append device () Insert device (| Flug device () Updatedevice
= Device (T753) | My Favorite
Auto scan String for a full text search | vendor | <allvendors> v Basic Instructions
. Fault diagnosis summary
° Name Vendor Version [=] |5T Sentence 2
=B pLC Logic o=
= y = [ Fieldbuses
£} Application o ror
o = &= EtherNet/IP
Library Manager o oTE
PLC_PRG (RE) = <= EtherNet/IP Remote Adapter
i N [0 2\ EtherNetip Adapter T Major Revision=1621, Miner| O EF2
[& Task Configuration o RepeaT
@ EtherCAT Task CODESYS Major Revision=16#1, Minor|
= 100 %
= wairTask shenzhen INVT electronicco.ltd  Major Revision=16%1, Minor ) O GEIILIE
B pc_pr |1 Generic EtherlNet/IP device CODESYS 46.0.0 © I v
variable usage - B POz mES EtherNet/ Pilz GmbH Major Revision=1622, Minor| @ " B
Version relation check Extension Instructions
B ™ _sio (vHsio) Motion control commands]
(i EtherCAT (EtherCAT Master Softv Process instructions
6 ExtCard (ScanModule) High speed 1/0 instructig
=@ Ethernet (Ethernet) Communication instructio
[t EtherNet_IP_Scanner (EtherNg || € 2 Customize...
" Softhation General Axis Pool Group by categary [] Display all versions (for experts anly) [] Display outdated versions
@ name:Fxi300 ~
Vendor: shenzhen INVT electroric co. ltd
Categories:Etherhet/IP Remate Adapter e
Version: Major Revision=16#1, Minor Revision = 1651 y
Order Number:FK 1300 =
Description: EtherNet/IP Target imported from EDS File: FK1300
universal V1.2.eds Device: FK1300 v
Append selected device as last child of
EtherNet_IP_Scanner
@  (You can select another target node inthe navigator while this windaw is open.)
100% |
< > <

>

I[@ Watch 1| [é Messages - Total 0 error(s), 0 warning(s), 1 message(s)|

Lastbuild: € 0 @ 0 Precompie o

Project user: (nabady)

0 &
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Step 8 Asshown in the figure below, the configuration is complete.

Untitled6.project* - Invimatic Studio V3.0 V3.0.1.1---C:\U: iministrator\Docur bel23\Untitled6\Untitled6. project - m] X
Fle Edit View Project Build Orline Debug Tools Window Help
BEHEH & - ot 2R dh oL b S5 MOS8 B - (37 |#¥ | Application [Device: PLC Logic] - @8 ©F ) m W [[= 6= %= *= & | o
Devices - 3 x pcPrG [ (0 Fki300 V[ Ethemnet x -
=5 Untiteds -
) General
= [ Device (M753) Network interface  [eth2 Browse...
- Etheret Device /0 Mapping IP address 192 . 168 . 2 . M4
. Fault disgnosis summary
= [0 PLC Logic Ethernet Device IEC Objects Subnet mask 255 . 255 . 255 . 0
= £} Application Default gateway 192 . 188 . 2 1
Log
(D Liorary Manager [] Adjust operating system settings
PLC_PRG (PRG) Trns
= (& Task Configuration
8 EtherCAT Task Information
=8 MairTask
& ric rro General
ariable usage
ersion relation check
W n_vs1o (vsIo)
[ EtherCAT (EtherCAT Master SoftHa
[ ExtCard (ScanModule)
[ Ethernet (Ethernet)
= [t EtherNet_IP_Scanner (EtherMet,
[ Fr1300 (FK1300)
"3 Softhotion General Axis Pool
< > < >
B wiatch 1 [@ Messages - Total 0 error(s), 0 warning(s), 1 message{s)
Lastbuld: €3 0 % 0 Precompile o/ @ Project user: (nobody) (4 RS
Untitled6.project” - Invtmatic Studio V3.0 ¥3.0.1.1---C:\Users\Administrator\Documents\abc123\Untitled6\Untitled.project - o x
Fle Edit View Project Build Onlne Debug Tools Window Help A\ d
SR G0 b RBRX AGMASIN N - [§' | #4 | Application [Device: PLC Logic] = €8 @ , w W [[Z 0= 2= = & | o
Devices ~ 3 X PLCPRG (4] Fk1300 (7] Ethernet X -
= 13 Untiteds -
General
= pevice (m753) Network interface  [eth2 Browse..
Auto scan Ethernet Device /O Mapping 1P address 192,168 . 2 . 14
L, Fault diagnosis summary
= Bl rLcLoge Ethernet Device IEC Objects Subnet mask 255 . 255 . 255 . 0
=} application Default gateway 192 . 168 . 2 1
Log
i Lrary Manager [ Adjust operating system settings
PLC_PRG (PRG) s
= (& Task Configuration
B EtherCAT_Task Information
=g MainTask ‘
& pLc_prs Genera
varisble usage
Version relation check
B v _Hst0 cm-msto)
[ EtherCAT (EtherCAT Master SoftMo
[ ExtCard (ScanModule)
= [ Ethernet (Ethernet)
=-[ EtherNet_IP_Scanner (EtherNet|
(2 Fr1300 (Fr1300)
"3 SoftMotion General Axis Pool
< > < >
A watch 1| (B Messages - Total 0 error(s),0 waming(s), 1 message(s)
Lastbuld: € 0 0  Precompile o Project user: (nobody) Qx

202605 (V1.1)

141



INVT Medium- and Large-Scale PLC Software Manual Communication Network Configuration

Step 10 Double-click FK1300 to set its address (based on the actual address of the coupler).

Untitled6.project - Invtmatic Studio V3.0 V3.0.1.4-—C:\Users\Administrator\Desktop\if883\Untitled 1\Untitled6.project

File Edit View Project Build Online Debug Tools Window Help

1= HEd & - « & B R . Y AR 9 - [§ | ¥¥ | Application [Device: PLC Logic] ~ ¥y mR[[EF==> S | » |HE
4 g
Devices v 3 X @ Fx1300 x
=3 Untitleds <
. |
= Device (M753) Genera Address Settings
) Auto scan )
L Connections IP address 192 . 168 . 2 . &0 -
©4, Fault diagnosis summary Ethel'i ‘et/lp
= B pLC Logic Assemblies
= £} Application [ BootP

.D Library Manager User-Defined Parameters

= MACaddress 00:00:00:00:00:00
[E] pLc_PRG (PRG)

Log
= @ Task Configuration
& EtherCAT Task EtherNet/IP [/O Mapping Electronic Keying
=-$& MainTask
= s [] compatibility check
&) pLc_PRG EtherNet/IP IEC Objects

[ Variable usage Status Vendor ID [ Check match

D Version relation check

Device type [] Check match
. TM_HSIO (TM-HSIO) Information
[ EtherCAT_ETH (EtherCAT Master SoftMotion) Product code ] Check match
ﬂ] ExtCard (ScanModule) - Major revision [~] Check match

= \B Ethernet (Ethernet)
= [ EtherNet_IP_Scanner (EtherNet/IP Scanner)
(@ Fr1300 (Fr1300)
"3 SoftMotion General Axis Pool

Minor revision [] Check match

Step 11 With the TM753 as the master and the FK1300 coupler as the slave, EtherNet/IP communication is

established successfully.

[ Untitled6.project” - Invimatic Studio V3.0 V3.0.1.1---Ci\Users\Administrator\D abc123\Untitled6\Untitleds project - m] X
Fle Edit View Project Build Online Debug Tools Window Help Y
BeEH &S =% 2B R A B | T | ¥ | Application [Device: PLC Logic] ~ ©5 @ ) m % [[= 5= %= = 3 |= |9
Devices v B X PLCPRG [ FK1300 x [ Ethemet | -
=3 Untitleds -
= General )
= A [T] | Device fronnected] (TM753) Address Settings
Auto scan
Cannections Paddress  [182 . 188 . 2 . &0 -
@, Fault ciagnosss summary Etheri'et/IP
= Bl PLC Logic Assemblies
- ) Application [run] BOOTP
2 User-Defined Parameters
i) Library Manager
MACaddress [ 00:00:00:00:00:00
PLC_PRG (PRG) Log
= [BH Task Configuration
& EthercaT_Tesk Ethertiet/IP 10 Mapping Electronic Keying
=g MainTask
= Manla . Compatibility check
& pic prs EtherNet/IP IEC Objects
Varisble usage e Vendor 1D 20 Check match
Version relation check Devicetype 12 Check match
W ™ _Hsto (M-+s10) Informatien
A 7] EtherCAT (EtherCAT Master SoftMot | | Preduct code 1500 Check match
[0 ExtCard (ScanMaduie) — Major revision 1 Check match
=7 [ Ethemet (Etherme) Minor revision 1 Check match
=3[ Etheriet_IP_Scanner (Etheret)
[ Fr1300 (FK1300)
'3 SoftMotion General Axis Pool
< > < >
[E Messages - Total 0 emor(s), 0 viaming(s), 5 message(s)|
Device user: Anonymous  Lastbul: @ 0 ® 0 Precomple o G| mun [N Program loaded Program unchanged Project user: (nobody) Q4
————
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5.5.1.2 Generating a Coupler EDS File

Step1 Click ! . When the coupler is used with other expansion modules, click Device Scanning.

G’ Ttools-10 visoz — @ X

= File New Project H Save Project & Download Project % Language @ Help. Tip

NewPro Jemo Installation Information -

Device Reposit
P NewprojectDemo 3 Device Repository

|~ L =8 Firmware Upgrade [ Operation Log

~ Adapters fal
FK1100
FK1200
Step 2 After device scanning is complete, click Refresh.
§ Ttools-10 visoz —ax
= File New Project [B] Save = = ! S - — uage (@ Help Tip

 Device Scanning X

[ NewP

E Device Repository

@ connect 24V power @ Connect device by Us8 © select the COM in ComboBox * Aduplers =
Step 1 Step 2 Step 3 <1100
Confirm device is connected according to the procedure to properly scan for module configurations. <1200
FK1300

Step 3: Select the correct COM

- . FK1400
Com:  |cOMG || Refresh Config Haisoo

FK1600
~ Digital Modules

Step 3 Click Get Config.

r v

§ Ttools-10 visoz —a x

_ n n N . LA - L
= i New Project Sav uage Help [ T
= i3 iect 18 W Device Scanning x fuee O vole "

[~ NewProjectDemo

[H Device Repository

© Connect 24V power © Connect device by USB € sclect the COM in ComboBox - Adapters .

Step 1 Step 2 Step 3 00
Confirm device is cannected according to the procedure to properly scan for module configurations. 1200
Step 3: Select the correct COM FK1300
FK1400

Com: COMB& ~| | Refresh
FK1500
FK1600

~ Digital Modules
£11001 1AnAN

r v
§’ Ttools-10 visoz — a8 x
L ] n - . L a - Lam M
= File New Project [B) Sawe ¥ Devics Scanrin . uage () Help Tip.

3 Device Repository

o Connect 24V power e Connect device by USB e Select the COM in ComboBox ~ Adapters o
Step 1 Step 2 Step 3 1100
Confirm device is connected according to the procedure to properly scan for module configurations. 1200
FK1300

Step 3: Select the correct COM

FK1400
e cous oo | (D
. FK1500

FK1600

ol puhec T FECA oy ~ Digital Modules
00 FL1001_1600D1

0x16315062 FL1002_3200D1

FL2002_0016DP
FL2003_0032DP

FL2102_0016DN v
< >

= Process Monitor = =

v
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Step4 The scanned device configuration is loaded successfully.

-

S’ Ttools-10 visor - o x
= File [E3 NewProject [B) Save Project @ Download Project EQ Device Scanning ™ L ‘:‘!‘ Firmware Upgrade [B, Operation Log H,“A Language (?) Help Tip

w NewProjectDemo
[connected] COM6

v 7 EK1300 ' FK1300 [ Device Repository
~ Adapters A

1:FL2102_0016DN k1100
FK1200
FK1300

Step 5 Select Network Settings > Get Config to view the current network configuration of the coupler,

Installation Information = -

which will be used later to set the coupler IP address.

= Hie New Project [ save Project ;‘4 Download Project Q Device Scanning | N $ | ﬂ Firmware Upgrade ﬂ Operation Log |

ri NewProject Installation Information —

v EP FK1300 @ 1300

1:FL5005_1616DP

Consumption: 2.42W Size: W*H*D=50*105*95(mm) input:6 output:2 x1
Base i Configuration P: Wiring Diagram Network Settings 10 Address Mapping
Current Ethernet Configuration Ethernet Configuration

O Auto O Auto
© Static © Sstatic

Step 6 Right-click FK1300 and select Export EDS.

4 1
' Ttools-10 visoz — a x
~ File New Project [B) Save Project g Download Project ¥3) Device Scanning | ™~ G B Firmware Upgrade [BL Operation Log | &3 Language (@) Help Tip

- NewProjeciDema
[connected] COM6

Installation Information  — -

[ Device Repository

Communication settings. - adapters N
1:FL2102_001 Online 100

Download to Device FK1200

| BxportEDS | 300

Move Up FK1400

Move Down FK1500

Rename FK1600

Copy crleC ~ Digital Modules

Paste Ctrl+v FL1001_1600D1

Delete Delete FL1002_3200D1

FL2002_0016DP
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Step 7 Select Export EDS.

§ Ttools-10 visor

File [E3 New Project [ Save Project gy Download Project $2 Device Scanning

NewProjectDemo
i rﬁ coms

1:FL2102_0016DN

Consumption: 282W

Base Information

Installation Information

® rx1300

AN o | &® Firmware Upgrade [ Operation Log | &} Language

[ Device Repository

—a X
® o Do

« Adapters
FK1100
FK1200
FX1300
P
W Export EDS I 4 400
FK1500
FK1600
Vendar: | shenchan THVE lsrmais woi71E ~ Digital Modules
n R FL1001_1600D1
FL1002 320001
Y — :
vt: 1501 s FL2002_00160P
- = £12003 003209
Wk - F2102_0016DN
Min Rev

Current Ethernet Confi

>

Process Monitor

10 Address Mapping

Step 8 After the FK1300.eds file is generated, save it to the specified path.

Fie name|

Save as type (*.eds)

5.5.1.3 Installing a Coupler EDS File

Stepl Select Tools > Device Repository.

Untitled8.project® - Invtmatic Studio V3.0 V3.0.1.1---C:\Users\Administrator\Documents\abc123\Untitled6\Untitled6. project X
fle Edit View Project Buld Online Debug | Tools | Window Help
B & o~ BRE B 05 4% 25 | @ Package Manager.. PlClogid - OB CH , m W([27=0:°5 3 |
W Invtmatic Studio Tool
Lectes B PLCPRG | (ff] Library Repository...
= ) Unttieds = ] Device Repository... |
= Device (1753 General
o &) Visualization Element Repository
uto scan
Connections reualizati : . 80 -
- Visualization Style Rs itory...
., Fault dogross summery & Visuslization Stle Repository Ether'et/IP
=B PLC Logic assemblis | | License Repository..
=¥ Application 2+ OPC UA Information Model Repository...
0 Library Manager UserDefinedP 13 |icense Manager...
L 100 : 00
PLC_PRG (PRG) Log || Device License Reader...
= @@ ;a)sk Configuration e
EtherNet/IP [/0)
:,; EtherCAT Task erlet/IP I/ Options..
=& MainTask .
Import and Export Options...
) pic pre EtherNet/IP [EC
Variable usage Status Scripting * | check match
Edge Gatewa: b
Version relation check ge Gateway ok match
B 1 rs10 (MHs10) Information Automation Server 3
Miscell Check match
[ EtherCAT (EtherCAT Master SoftMot] iscellanecus »
[ ExtCard (ScanModule) Majorrevision [ Check match
= [ ethemet (hemen) Minor revision [ Check match
=-[ Etherhet_1P_Scanner (Ethernat
[ F1300 (FK1300)
"2 softiotion General Axis Pol
< 3| <

I[@ watch 1| [E Messages - Total 0 error(s), 0 warning(s), 5 message(s)|

Lastbuid: € 0 ® 0

prerok [

Project user: (nobody)

O =
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Step 2 Click Install.

iS NG

Auto scan

Fault diagnosis summary

(D:\Program Files\,

tudio\InvtmaticStudi

ry\Devices)

- Invtmatic Studi - o X
file Edit View Project Build Online Debug Tools Window Help Y
BEFEH &0 = & BE X (MM N %8 [ 18- 7| # | Application [Device: PLCLogic] ~ @ O ) w R [[= 7=z | ||
P e x :.;gnewce Repository X . -
= @ Untitleds hd L ocaon! | [C— «| | edit Locations...
= Device (r7s3)

-[8] pLC_PRG (PRG)

% (A Miscellancous

Installed Device Desriptions
=B PLC Logic
: - I Install |
=1 Application |smng for a full text search Vendor | <All vendors>
i) Library Manager Name Vendor Version | Description

= [H8 Task Configuration

[ Fieldbuses F—
5 EtherCAT_Task B2 VI devices
= MainTask (@ pLcs
) pLc_pRG ;

* @ softotion drives Renew Device

Repository
-y variable usage

Version relation check
-l ™_Hs10 (M+sto)
() EtherCAT (EtherCAT Master Softiot]
(il ExtCard (ScanModule)
= [ Ethernet (Ethernet)
= [ Etheret_IP_Scanner (EtherNet|
" FK1300 (FiK1300)
& SoftMotion General Axis Pool

<

< > 2
[ watch 1 @ Messages - Total 0 error(s), 0 warning(s), 5 messagefs)‘
Lastbuild: € 0 @ 0 Precompie \/ [SMULATION | &

Project user: (nobody)

Q =

Step 3 Navigate to the path where the FK1300.eds file is located and click Open.

] FK1300.eds

2025/12/11 17:35 EDSFile
€ INVT_DA200A EtherCAT 3.0.1.0.xml 2025/11 5 A
| ] TM75X.eds 2 S File
TS600.eds

File name |FK1300.eds vl EDS Files (“eds)
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Step4 The FK1300.eds file is installed successfully.

Unti s Ci\Users! tor\Documents\a - o %
Fle Edit View Project Build Online Debug Tools Window Help Y
BEH S & B3 @ R 9 ‘3 (3|4 | Application [Device: PLC Logic] ~ @8 @, w W [[ = |
| 22 Device R i X
Devices v o x g F 4 v
= Untitieds hd
E = Location | System Repository - Edit Locations...
W i) (D:\Program evices) B
) Auto scan N
%, Fault diagnosis summary P
Installed Device Deseriptions
= B pc Lo
v Install...
= a Application String for a full text search Vendor | <Al vendors>
Library Manager Name Vendor Versi & Uninstall
PLC_PRG (PRG) - HJP Ethernet Adapter Brot
=@ Task configuration = & Etheret/P
& thercaT Tesk - H@ Ethernet Adapter
= & manTask # = EtherNet/IP Local Adapter
&) pLc_PRG e Renew Device
2 v Ethertet/IP Module e
Variable usage = &= EtherNet/IP Remote Adapter
Version relation check (@ 2\ EtherettP Adapter T Major
W i _rsi0 (rv+s10) (@ 2\ EtherNetiP Scanner CODESYS Major
I EtherCAT (EterCAT Mester Softdot (H rx1300 shenzhen INVT electronic Major ¥
< >
[ ExtCard (ScanModule) TR
= [d) Ethernet Ethernet)
= @ Ci\Users\administrator \Documents'FK 1300Demo \FK 1300.eds
= [ EtherNet_IP_Scanner (Etherliet
® Device FK1300" installed to device repository
[ Fr1300 (Fr1300)
"3 SoftMotion General Axis Pool
< > & 2
B watch 1] [B] Messages - Total 0 error(s),0 waming(s), § message(s)
Lastbuid: @ 0 & 0 precompic o DI & Project user: (nobody) Q=
————

5.5.2 EtherNet/IP Slave Configuration

5.5.2.1 Configuring the Slave

Assume that one TM753 is used as the master and another TM753 as the slave. The slave configuration

procedure is as follows:

Untitled3.project” - Invtmatic Studio V3.0 ¥3.0.1.1 \User: ini D Untitled3\Untitled3.project - O X
Flle Edit View Project Buld Online Debug Tools Window Help A d
=== =] b BB 2 ds g 9 - 5 | # | Application [Device: PLC Logic] - ©8 € , w ([ > |
Devices >~ 3 x [ ethemet | [ Devie (i) Ethertet_TP_Adapter x -
=50 thtited3 ~ N -
= (@ Device (TM753) parameter setting Find Filter Show all 7
D) Auto scan S — Variable Mapping Channel Address  Type Unit  Descrip
7\, Fault diagnosis summary =% Connd_toSlaved %81 ARRAY [1..100] OF BYTE
=Bl PLC Logic EtherNet/IP Adapter Parameters o ] Conno_toslaveo[1] %IB1 BYTE
=) Application R ] Connd_toslave0[2] %82 BYTE
) Library Manager EtherNet/IP Adapter /0 Mapping ) Conno_tosiaven[3] %183 BYTE
PLC_PRG (PRG) — ] Conn0_toSlave0[4] %IB4 BYTE
= Task Configuration ] Conn0_toSlaven[5] %IB5 BYTE
& EtherCAT Task Information ] Connd_toSlaven[s] HIBG BYTE
=8 MainTask ey Connd_toSlaved[7] %87 BYTE
] pic_PRe ot Conn0_toSlaven[s] %IB3 BYTE
Variable usage i e ] Connd_toslave[s] %89 BYTE
Version relation check # Conn_toslave0[10] %IB10 BYTE
W ™ _ts10 (M+sIo) ] Conn0_toSlaveD[11] %IB11 BYTE
EtherCAT (EtherCAT Master SoftMo 44 Conn0_toSlaven[12] %IB12 BYTE
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Step 1 Select EtherNet/IP Adapter and click Add Device.

ﬂ Untitled3.project™ - Invtmatic Studio V3.0 V3.0.1.1---C:\Users\Administrator\Documents\abc123\Untitled3\Untitled3.project
Fle Edit View Projet Build Online Delf [ Add Device
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Precompile o/

0 &

Project user: (nobody)

Step 2 After the slave configuration is added, double-click Ethernet, configure the network interface and IP

address, and select eth2 (select the IP address of the network interface that is connected to the

master device).
B untitieds.project” - Invtmatic Studio V3.0 V3.0.1.1---C:\Users\Administrator\Documentsiabc123\Untitled 3\Untitled3.project - o X
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Step3 Click Add.
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Step4 The connection is added successfully.
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5.5.2.2 Configuring the Master

Step1l When configuring TM753 as the master, the configuration procedure for EtherNet_IP_Scanner is the
same as that described in section 5.5.1 EtherNet/IP Master Configuration. Right-click

EtherNet_IP_Scanner and select Add Device.

202605 (V1.1) 149



INVT Medium- and Large-Scale PLC Software Manual

Communication Network Configuration
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Step 3 After the master configuration is complete, double-click Ethernet and select eth2 for Network
interface (select the IP address of the master device network interface that is physically connected

to the slave device).

Untitled6.project* - Invtmatic Studio V3.0 V3.0.1.1---C:A\Users\Administrator\Documents\abc123\Untitled6\Untitled6.project — [m) X
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Step 4 Configure the IP address of the TM75X slave. Use the IP address of the network interface on the slave

device that is physically connected to the master. This completes the TM master configuration.
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Step 5 Run the master program. The communication status is normal.
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Step 6 Write 100 to the OutputData of the master device.
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Step 7 Run the slave program and select Enable 2 (always

in bus cycle task). The slave displays the

received value 100, indicating successful communication.
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6 Diagnosis

6.1 Diagnosis Overview

Diagnosis is intended to quickly locate errors that occur during PLC operation and find solutions according
to the error information and status. The diagnostic interface of Invtmatic Studio can only be obtained and
displayed after logging in to the PLC. The Invtmatic Studio programming system supports the diagnosis of
various communication devices and can generate fault information, offline information, and other
information according to the actual running status of each communication device. The module types
involved in fault diagnosis mainly include: CPU, ModbusRTU, ModbusTCP, EtherCAT, etc. The Invtmatic
Studio programming system mainly provides four diagnosis routes: configuration diagnosis, diagnostic
information list, device self-diagnostic information list, and diagnostic programming interface. All diagnoses
are obtained through fault code analysis, and the fault codes correspond to the diagnostic programming
interface.

In the configuration, different icons represent different diagnostic states of each communication module:
running, standstill, and fault.

: Indicate the running state. The device has no faults.
A Indicate the standstill state. The device is not running.

¥ : Indicate a fault state. In EtherCAT, it indicates that a fault has occurred but has been cleared. In Modbus, it
is displayed as a device in a fault state.

£ | Indicates a fault status. In CANopen, this means that a fault occurred but has been cleared.

The running state of the device can be directly viewed in the configuration.

6.1.1 Fault Diagnosis

Fault diagnosis can be used to display fault information of all devices, and provide detailed description of
relevant fault information and methods for troubleshooting the causes. It can also provide more detailed
diagnostic information for special situations. After the device is connected, double-click Fault Diagnosis
Summary in the device tree to open the device fault diagnosis interface. The fault diagnosis interface is
shown in Figure 6-1.

Figure 6-1 Fault Diagnosis Summary

) Fault diagnosis summary X
Device Type ALL - | Module Name ALL - & Quary Refresh g5 Clear ) Export EXCEL | Statistics of fault information 4

Device Type Module Name Error code Error name

Modules FL4003_4DA Er0032-2003 Module Cutput Port Power Fault
Modules FL3003_4AD Er0032-0015 Chanel 0 Signal Source Open Circuit Fault

ModbusRTU Modbus_Slavel Er0040-0005 Communication Timeout, communication time exceeded the maximum time set by the user communication error occurred

The Device Type window displays the current fault type and provide the fault display filter function, which
can display fault information by device type. Device types include CPU module, Modbus module, Modbus
TCP module, and local module. You can select a different device type, and the diagnostic display list will
show the corresponding type of diagnosis. All device diagnoses are displayed by default.
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®  Search: Search for matching fault information based on the device type or module name.
e  Refresh: Used to refresh device fault information.

e  Clear: Clear the fault information in the table.

e  Exportto EXCEL: Export fault information in the table.

e  Fault Information List: mainly used to display specific module fault information, including device type,
module name, and fault information. Device Type: Filter a certain type of faulty bus device;
Module Name: Filter faulty devices with a specific name.

® Detailed Information window: When a certain piece of fault information is selected in the Fault
Information List, the detailed information of the fault will be displayed in the detailed information
window, which includes three options: Error Details, Troubleshooting, and In-depth Diagnosis. The first
column of Error Details describes the possible cause of the fault, followed by four additional items,
which are mainly used to provide more information about the fault; Troubleshooting is used to provide
specific operation methods for cause investigation; and In-depth Diagnosis describes some complex
errors that require more detailed information for troubleshooting.

6.2 Device Self-diagnostic Information List

6.2.1 Modbus RTU Diagnosis

Modbus RTU supports two serial ports: Modbus serial ports 0 and 1. Modbus serial port 0 or 1 can be used as
a Modbus master or slave.

When the Modbus serial port is used as a master, slaves (remote slaves) can be added to the master. On the
slave configuration interface, each slave has an “Error Diagnosis” interface, which details the parameter with
an error.

When the Modbus serial port is used as a slave, there is also an “Error Diagnosis” interface to display

communication errors between the slave and the master.

6.2.2 Modbus TCP Diagnosis

The PLC can be used as a Modbus TCP master or slave. When Modbus TCP is used as the master, slaves
(remote slaves) can be added to the master. On the slave configuration interface, there is an “Error Diagnosis”
interface, which details the parameter with an error.

When ModbusTCP is used as a slave, there is also an “Error Diagnosis” interface to display communication
errors between the slave and the master.

6.3 Online Log

An online log displays program, device, and system-related log information online in real time after
connection to the PLC device. This function is used to help you quickly locate errors, solve problems timely,
and ensure the normal operation of the device.

Login to the PLC: Click Login. When the software and PLC are connected, the log function will be started. The
log interface is as shown in Figure 6-2.
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[ Device x

Communication Settings

Applications

Backup and Restore

Files

Log

FLC Settings

PLC Shell

Users and Groups

Figure 6-2 PLC Log

! 12 warning(s) | €} 437 error(s) | E' 0 exception(s) | € 651 information(s) ‘@ 0 debug message(s) <Al components>

- | Logger

() offlinelogging [ UTC time

Severity  Time Stan oo o0

14,07.2024 06:52:57.320
14,07.2024 06:52:57.320
14,07,2024 06:52:57.314
14.07.2024 06:52:57.314
14.07.2024 06:52:56.329
14.07.2024 06:52:56.325
14,07.2024 06:52:56.315
14,07.2024 06:52:56.315

G000 OO0

14,07.2024 06:52:55.326

Description

NetID 0: CAN driver signals BusAlarm.
NetD 0: Bus State: BUSOFF

NetID 0: No more BusAlarm.

NetID 0: No more bus error.

NetID 0: CAN driver signals BusAlarm.
NetID 0: Bus State: PASSIVE

NetID 0: No more BusAlarm.

NetID 0: No more bus error.

NetID 0: CAN driver signals Busalarm,

Component
CANbus
Canbus
Canbus
CANbus
CANbus
CAaNbus
CANbus
Canbus
Canbus

The meanings of the parameters in the Toolbar of the interface are listed in the table below.

Parameter Name

Parameter Description

Warning/Error/Exception/Info/Debugging

Display and filter different levels of information during

Information diagnosis.
Clear the currently displayed diagnostic information.
Clear After clearing, when there is new log information, the
system will refresh the latest information.
Export Export all log information in CSV format.
Import Import log information.
Refresh Refresh and view log information.

All Components

View the log information of all components, or choose
to display the log information of a single component.

Offline log

Import the saved log information in CSV format in
offline state.

The meanings of the parameters in the table of the interface are listed in the table below.

Parameter Name Parameter Description
Class Display the level of information.
Time Display the time when the information is generated.
Description Describe the phenomenon and cause of the error.
Component Display the component where the error occurred.

6.4 Diagnostic Programming Interface

The diagnostic interface library CmpErrDiagnose provides a solution for obtaining diagnosis in the user
program. It can determine the diagnostic information of each device module in the user program and make

relevant processing.

The diagnostic programming interface exists in the form of a library and can be added in Library Manager,

as shown in Figure 6-3.
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Figure 6-3 Adding a Diagnostic Programming Interface Library

Vi) Library Manager x

[{] Device

|E3 Add Library 3 Delete Library |7 Properties 73 Details | 5] Placeholders | (] Library Repository @ lcon legend...

#- |28 CAMbusDevice = CANbusDevice, 3.5.

rt Software Solutions GmbH)

Name Namespace Effective version
+ | CAACiA405 = CAA CiA 405, 3.5.15.0 {CAA Technical Workgroup) CIA405
#-|Z) CAA Device Diagnosis = CAA Device Diagr 'AA Technical Warkgroup) DED

CANbusDevice

[ cmpErrbiagnese, 1.0.1.0 @

CmpErrDiagnose

& |Z IecvarAccess = lecVarAccess, 3.5.15.20 (Sy
&2 10DrvEtherCA’

#.10 Tnctandard = InGtandard 2§ 16 0 (Suatem)

IODrvEtherCAT,

mart Software Solutions GmbH) ToDrvEthercatlib

IecvarAccessLibrary

TnStandard

=5 CmpErDagnoss, L0, 1.0 (WT)
=12 ErrCodeDataType
O-,: CpuErrCodeStruct
i IoErCodeStruct
Ol: ModbusMasterErrStruct
6)'l: MadbusSlaveErrStruct
=2 EnFunctionBlock
CPU_ERR_DIAGNOSE

~ | Inputs/Outputs Graphical Documentation

FUNCTION_BLOCK CPU_ERR_DIAGNOSE

Name Type Inherited from  Address  Initial
4 xEnzble BOOL FALSE
“p CpuEmData  POINTER TO CpuErCodeStruct

"% xDone BOOL

10_ERR_DIAGNOSE CPU_ERR DIAGNOSE #.10.0.0 (35 - Smart Software Selutions GmbH)
MODBUS_RTU_MASTER_DIAGN Library is not signe

MODBUS_RTU_SLAVE_DIAGNOSE
MODEUS_TCP_MASTER_DIAGNOSE
MODBUS_TCP_SLAVE_DIAGNOSE

The diagnostic programming interfaces corresponding to CPU, ModbusRTU, and ModbusTCP are provided.
Each type of diagnosis corresponds to a set of function blocks for obtaining the corresponding error codes.
The custom diagnostic results and states in the diagnostic data are displayed in ErrCodDataType (as shown
in Figure 6-3). For example, Figure 6-4 shows the Modbus master diagnostic function block, with three slaves
added to the serial port 1. The strRtuDia is declared as a structure array, and each array corresponds to the
fault information of a slave channel. The diagnostic result is that the slave 1 has two channel errors, and
slaves 2 and 3 each have one channel error. Figure 6-5 shows the parameters of the Modbus master diagnosis

function block.

Figure 6-4 Adding a Modbus Master Diagnostic Function Block

ﬂJ Visualization_10

D Variable usage
ﬂ TM75x-HSIO (TM75x-HSIO)

+ £y EtherCAT_Master_SoftMotion (EtherCAT Master !

L"_Tj Modbus_RTU_Slave_Device2 (ModbusDevice2)
= \;—'ﬂ Modbus_Master 1 (Modbus Master 1)
A _ﬂ Modbus_RTU_Slave1 (Modbus Slave 1)
% (@ Modbus_RTU_Slave1_1 (Modbus Slave1)
% [ Modbus_RTU_Slave1_2 (Modbus Slave1)
(4 ExtCard (ModuleScan)
= 3 ({ Modbus_TCP_Master2 (Modbus TCP Master2)
% (@ Modbus_TCP_Slave2 (Modbus TCP Slave2)

|Z] RTCandDiag x

Device.Application.RTCandDiag

Expression Type Value F
+ @ RTC_MOD_1 RTC_Mod
= @ ModbusDiag CmpErrDiagnose.MODE. ..

49 xEnable B00L

4% Comid BYTE 1
+ 49 ModbusErrData POINTER TO ModbusM...  16#AEBDDE94

"# xDone B00L

= @ strRtuDia ARRAY [1..9] OF CmpE...
= @ strRtuDia(1] CmpErrDiagnose.Modb. ..
# MainErr BYTE 64
# SonErr WORD
# ErrSlaveld BYTE 1
= @ strRtuDia(2] CmpErrDiagnose.Modb. ..
# MainErr BYTE 64
# SonErr WORD 5
& ErrSlaveld BYTE 1
= @ strRtubia(3] CmpErrDiagnose.Modb. ..
@ MainErr BYTE 64
# SonEr WORD 5
# ErrSlaveld BYTE 2
= ¢ strRtuDia[4] CmpErrDiagnose.Modb. ..
# MainErr EYTE 64
# Soner WORD H]
# ErrSlaveld BYTE 3
= @ strRtuDia[s] CmpErrDiagnose.Modb. ..
# MainErr BYTE o
# SonErr WORD = 0
# ErrSlaveld BYTE

]
LI N NMELL) CmnFrrnlannw.m.tl
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Figure 6-5 Description of Modbus Master Diagnostic Function Block Parameters

Inputs/Outputs  Graphical Documentation

FUNCTION_BLOCK MODBUS_RTU_MASTER_DIAGNOSE

MName

xEnable

ComId
ModbusErrData

& & &L

xDone

Type

ECOL

EYTE

POINTER TO ModbusMasterErrStruct
BOOL

6.5 Application Diagnosis

Inherited from  Address

Initial

FALSE

The programming language used by Invtmatic Studio has the characteristics of high execution efficiency and
flexible programming, but it also has high requirements on users’ programming ability. When writing
programs, you need to avoid abnormal operations such as illegal pointer access, division by 0, array out of
bounds, implicit type conversion, and infinite loops; otherwise, the PLC system may be executed abnormally
or even crash. This chapter mainly provides troubleshooting methods for exceptions that may occur in the
PLC. You can refer to them according to actual conditions.

After compiling a project, the Invtmatic Studio software displays the compilation output error information
by default. In the compilation output window, you can view the compilation errors. Double-click the error
display line to locate the error code, as shown in Figure 6-6.

Figure 6-6 Locating an Error Code

i ro

i Lbrary Manager

Device

i

Project
Untitied
Untitied
Untitled1
Untitled1
Untitled1
Untitled1
Untitled1
Untitled1
Untitled1
Untitled1
Untitled

Untitled1

Devices v 8 x| [ comtes | ManTask | (] Modbus TCP_Slave_1 EtherCAT Master_Softhotion
=5 unoreds - i PROGRAM PLC_PRG
= (@ pevice (M753) B = VA&
Auto sean 3 2 Sk
0, Fault disgnosis summary END_VAR
= B0 pcLogie
= £} Application
@ o
) Library Manager
PLC PRG (PRG) —-—
=8 Task Configuration
2 EthercaT_Task e " “B Lo e
=g MainTask o 1
) pLc_PRG —
& Trace
T persistentyars
) variable usage
= [ ™M7Sx-HSIO (TM7Sx-HSIO)
(@ countero (Hispeedcounter)
(@ counter1 (Hispeedcounter)
FL2201_000BDR (FL2201-0008DR)
FLA003_4DA (FL4003-4DA)
ExtCard (ScanModule)
® EtherCAT_Master_SoftMotion (EtherCAT Master SoftMotior))
= W1 INVT_DA200_F65 (DAZ00-H EtherCAT(CoE) Drive V1266)
B s (ais)
s Modbus_TCP_Master_1 (Modbus TCP Master 1)
[ modbus_TcP_slave_t (Modbus TCP Slave 1)
"3 SoftMotion General Axis ool
Messages -Total 3 error(s), 13 warning(s), 3 message(s)
Build - [© 1emorts) [ 13waming(s) [@ 3 message(s) || X ¥
Description
@ C0100: Library System_VisuElemMeter has not been added to the Library Manager, of no valid license couid be found
@ C0100: Library System_VisuElemsSpecialControls has not been added to the Library Manager, or no vaiid icense could be found
@ C0100: Lbrary System_VisuElemsWinControls has not been added to the Library Manager, or o vald icense could be found
@ C0100: Lbrary System_VisuElemTextEdtor has not been added to the Library Manager, o no vald icense could be found
@ C0100: Lbrary System_VisuElemTrace has not been added to the Lirary Manager, or no vaid icense could be found
@ C0100: Lbrary System_VisuNatveControl has not been added to the Lbrary Manager, or no vald icense could be found
@ C0100: Lbrary System been added to the ger, or no vald icense could be found
@ C0100: Lbrary System_VisuElemCamDisplayer has not been added to the Library Manager, or no vald icense could be found
@ C0100: Lbrary System_VisuElem3GPath has not been added to the Library Manager, or no vald license could be found
@ C0100: Lbrary System_VisuElemsDateTime has not been added to the Library Manager, or o vald icense could be found
| & coin: Library system dded tn the | or o valid icense could be found
©[c0189: '/ expected instead of END_IF'
7 5 || Comple complete — T errors, 13 warmings

Algorithm library error message: Switch to Library Manager by the same method to view the algorithm
library error message, as shown in Figure 6-7. Open Library Manager, as shown in Figure 6-8. If this library is
not used, you can delete it; if it is used, you need to install the algorithm library manually.
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Figure 6-7 Library Manager-related Prompt Messages
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Figure 6-8 Viewing a Missing Library, and Adding or Removing a Library
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6.6 Handling of PLC Program Running Exceptions

6.6.1 Common Exceptions and Solutions

You may encounter the following exceptions during the process of writing and debugging software:

o  After downloading the program, the programming software cannot scan the corresponding PLC device.
In this case, you need to set the PLC toggle switch to stop and then power it on again.

e  When you download a program or after running for a period of time, the PLC information display bar
prompts the error “Program download exception”, as shown in Figure 6-9.

Figure 6-9 Program Download Exception

At this time, you can see that there is a type error on the log interface, and the program cannot run normally,
as shown in Figure 6-10.
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ffif} Library Manager [ Device x PLC_PRG
Communication Settings *) 1warning(s) | € 318 error(s) |(E) 0 exception(s) € 722information(s) () 0 debug message(s) <Al components> ~  Logger <Defaultlogger>
[ offlinelogging [ UTC time
Applications
Severity Time Stamp Description Cemponent
Backup and Restore =] 01.01.1970 10:28:07.004 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  IoDrvEtherCAT
[x] 01.01.1970 10:28:02.816 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  IoDrvEtherCAT
Files o 01.01.1970 10:27:56.636 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at al. Use scan for d...  ToDrvEtherCAT
Lo o 01011870 10:27:54.456 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
o 01011870 10:27:50.276 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
PLC Settings [} 01.01,1870 10:27:46.096 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all Use scan for d...  ToDrvEtherCAT
o 01011870 10:27:41.916 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
PLC Shell o 01011870 10:27:37.736 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
[} 01.01,1870 10:27:33.556 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all Use scan for d...  ToDrvEtherCAT
Users and Groups o 01011870 10:27:29.376 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
o 01011870 10:27:25.196 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
Access Rights [ 01.01.1970 10:27:21.016 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
o 01011870 10:27:16.836 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
Tyt HEiE =] 01011970 10:27:12.556 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  IoDrvEtherCAT
Tl [} 01.01,1870 10:27:08.476 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all Use scan for d...  ToDrvEtherCAT
=} 01011870 10:27:04.296 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at al. Use scan for d...  ToDrvEtherCAT
Task Deployment o 01011870 10:27:00.116 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
[} 01.01,1870 10:26:55.936 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all Use scan for d...  ToDrvEtherCAT
Status @ 01.01,1870 10:26:51.756 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
o 01011870 10:26:47.576 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  ToDrvEtherCAT
Information @ 01.01,1870 10:26:43.336 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all Use scan for d...  ToDrvEtherCAT

When you download the program, a dialog box prompting “Download Failed” pops up, as shown in Figure

6-10.

Figure 6-10 Program Download Failed Prompt Dialog Box

Invtmatic Studio

Download failed: PLC in exception. See Log Page in Device Dialog for details

Three causes lead to the above exception:

1.  Null pointer (i.e. the pointer value is equal to 0).

Figure 6-11 Prompt of a Program Download Exception Due to Invalid Pointer Reference
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2. Division by 0.

Figure 6-12 Prompt of a Program Download Exception Due to Division by 0

]
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3. Array out of bounds.
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4
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z| END_IF
5|c uibate(2][0 ] := lo/pout[ 0 |
g 10 IF diCountValue[iRtu 1[ 1 [ @ | »= 79335 AND dlCoum:Value[D]
4 »
Watch 1
Expression Application Type Value Prepa
@ Watch 1 @ Breakpoints

Program unchanged

Figure 6-13 Array Out of Bounds
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For a null pointer and division by 0, the monitor program will directly prompt them when running, but for the

array out-of-bounds, the program can still run normally. The troubleshooting steps are as follows:

Step1 Right-click Application, and select Add Object > POU for implicit checks, as shown in Figure 6-14.

Figure 6-14 Adding a POU for Implicit Checks
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Step 2 On the pop-up interface, check Bound checks and click Add, as shown in Figure 6-15.

Figure 6-15 Checking "Bind Check"

Add POU for implicit checks x

@ Create special check functions for an application (for
checking array bounds, divisions and pointer)

Available functions
Bound checks
(] Divisian checks
(] range checks
[] LRange checks
(] Pointer checks

Mote: Adding a check function will provoke a full recompile and
prohibit an online change

Add Cancel

Step3 Log in to the PLC, stop the program, add breakpoints in the code “CheckBounds := lower;” and
“CheckBounds := upper;” of the newly added binding function “CheckBounds”, and activate them
(press the shortcut key F9).

Step4 Run the program. When the array is detected to be out of bounds, the program enters the breakpoint,
detects the out-of-bounds value (7), and defines the upper limit (3) and lower limit (1) of the array, as
shown in Figure 6-16.

Figure 6-16 Program Jumping to a Breakpoint due to Array Out of Bounds

-
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4 ELSIF index > upper THEN
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14 pipp : POINTER TO CmpApp.APFLICA

T
15 result : SysTypes.RT5 IEC RESULT:

1s| _plpp
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Step 5 After locating the problematic program segment, you need to modify the program according to the
actual situation to avoid exceptions.

6.6.2 Solutions for PLC Out of Control Due to Program Problems

Common PLC application problems include:

® Aninfinite loop or too many loops occur in the application.

e Theapplication accesses a null pointer or a pointer out of bounds.

o The application calls an underlying function block, causing a runtime crash.

Due to improper program writing, when the program is downloaded to the PLC and started, the PLC
resources may be exhausted and the Invtmatic Studio software may be unable to control the PLC, resulting
in failure to scan devices, ping communication errors, connection errors, login errors, or PLC download
errors. The method to restore the PLC to normal state is as follows:

Method 1: Press and hold the OK button for 3 seconds to switch the Run/Stop state. Alternatively, use the
physical Run/Stop input terminal on the PLC unit to trigger the STOP state. After the PLC is powered off and
restarted, scan for the PLC and download a correct application.

Method 2: If the PLC network port can still be pinged, go to the Invtmatic Studio software, locate Tools >
Invtmatic StudioTools, and click Reset on the factory settings screen to clear the APP.

Method 3: If the PLC network port can still be pinged, use the buttons on the PLC LED screen and select
Settings > Clear APP from the menu bar to clear the application.

6.7 Mismatch between EtherCAT Upper Computer Configuration and
Physical Connection

As shown in the figure below, the EtherCAT upper computer is configured with 4 axes, but only 2 axes are
physically connected. If you attempt to compile and log in directly, the 4 axes will not function. To resolve
this, add the following code: EtherCAT_Master_SoftMotion.StartConfigWithLessDevice:=TRUE;. The
status of the 2 physically connected axes will be restored to normal.
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File Edit View Project Build Qnline Debug Tools Window Help

e & L PR RN B * |{#8] | Application [Device: PLC Logic] = 5 O » m -
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B s (SM_Drive_GenericDSP402)
= it INVT_DA200_265_1 (INVT_DA200A_EtherC#] Messages - Total 0 eror(s), 1 warning(s), 48 message(s)
WP Axic1 (SM Drive GenericDsP402) Build ~ [© enorls) [ Twamingls) | @ 48 message(s) | X ¥

= AWt INVT_DA200_265_2 (INVT_DA200A_EtherCA

Description Project Object P
ARG Axis2 (sM_Drive_GenericDSP402) v g g
= Aimwt INVT_DA200_265_3 (INVT_DA200A_EtherCA Gonaraie gibalirimetzations...
Gener; initiali;
ARG axis3 (M _Drive_GenericDsP402) ke code ristmiion...
Generate rek
(@ ExtCard (ScanMocuie) ste relocations...
© C0373: NoPOU is defined for task MainTask'. Untitieds MariTask [Device: P...
"3 SoftMotion General Axis Pool

© Memory usage on device, not used for licensing purposes:
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Diagnosis

6.8 Device Error Codes

#Note: The backplane bus only applies to the TM series PLC.

Error I Sub-error
Device Error Type . Error Error Description
Location Code
Code
0001 Button cell not installed or battery
Hardware voltage too low
System-related 0001 -
error 0002 Device supply voltage too low (less
than 19V)
Clock 0001 Error in setting time
system 0008 0002 Error in writing RTC clock
component . .
0003  |Errorinreading RTC clock
error
0001 IP segments of IP1 and IP2
repeated
XXX Reserved
0011 Read:. IP.l module - Error in
opening files
0012 Re.ad: IP1 rTnodule - Unable to get
IP information
0013 Wntg: IPl. module - IP address
configuration error
0014 ert(.e: I?l module - Mask
configuration error
Write: IP1 -
CPU 0015 rltg 1 module Gateway
configuration error
System Write: IP1 module - Repeated
0016 .
component-related IP system segments with USB
Write: IP1 module - IP and gat
component | 0009 0017 . " 'e mocute and gateway
in different segments
error
XXX Reserved
0021 Read:. IP.2 module - Error in
opening files
0022 Re?d: IP2 module - Unable to get
IP information
0023 ertg IP2. module - IP address
configuration error
0024 ert.e: II?Z module - Mask
configuration error
0025 Wntg: IP? module - Gateway
configuration error
0026 Write: IP2.module - Repeated
segments with USB
Write: IP2 module - IP and gateway
0027 L
in different segments
0001 Illegal function code
Modbus_RTU 0002 Illegal address
Fieldbus| Modbus-related - 0040
I ! ! Masterl 0003  |Wrong number of data
0004  |Slave device failure

202605 (V1.1)

164



Diagnosis

INVT Medium- and Large-Scale PLC Software Manual
. Error Major Sub-error A
Device Error Type . Error Error Description
Location Code
Code
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
protocol
0009 CRC/LRC check error
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 Illegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
Modbus_RTU protocol
Master2 0041 0009 CRC/LRC check error
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
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. Error Major Sub-error A
Device Error Type . Error Error Description
Location Code
Code
0001 lllegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
Modbus_RTU protocol
Slavel 0042 0009 CRC/LRC check error
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 Illegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Modbus. RTU Received . data frame
Slaves 0043 0008 non-conforming to the Modbus
protocol
0009 CRC/LRC check error
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave

address
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. Error Major Sub-error A
Device Error Type . Error Error Description
Location Code
Code
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 lllegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
protocol
Modbus TCP| 000 0009 |CRC/LRC check error
Masterl
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
Modbus code
TCP-related The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 Illegal function code
0002 Illegal address
0003 Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
Modbus TCP 0005 time e).<cee.ds .the maximum
Master2 00A1 communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
protocol
0009 CRC/LRC check error
XXX Reserved
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Major
Device Error Type Erro'r Er:or Sub-error Error Description
Location Code
Code
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 Illegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
protocol
Modbus TCPI 0, 0009  |CRC/LRC check error
Slavel
XXX Reserved
The length of received data does
not conform to the protocol or the
000B number exceeds the maximum
limit specified by the function
code
The received slave address does
000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 Illegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Modbus TCP 00A3 Communication timeout. An error
Slave2 occurs since the communication
0005 time exceeds the maximum
communication time set by the
user
XXX Reserved
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. Error Major Sub-error . L.
Device Error Type . Error Error Description
Location Code
Code

Received data frame

0008 non-conforming to the Modbus
protocol

0009 CRC/LRC check error

XXX Reserved
The length of received data does
not conform to the protocol or the

000B number exceeds the maximum
limit specified by the function
code
The received slave address does

000C not match the requested slave
address
The received function code does

000D not match the requested function
code

000E Instruction execution failed

6.9 Version Compatibility between the Upper Computer and Lower

Computer

As shown in the following figure, take the TP2xxx-HSIO V1.0.0.1 library as an example. The TP2xxx-HSIO
V1.0.0.1 library requires firmware version V1.02.00 or later and upper computer software version V3.0.1.4 or

later.
a7 project - Invitmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Documents\k & 7\Rad2 7 project
File [Edit View Project Build Online Debug Tools Window Help
Hhed & [ Y - R = (7" | #% | Application [Device: PLC Logic] ~ ©f
Devices - 3 X [) Version relation check x
= AeE7 =~ IPILmudrI v I
= (@ Device (TM753)
™ Ausko scan Equipment information ibrary information Firmware version
+, Fault diagnosis summary » P 510 0.0
= 80 PLC Logic TP200-HSIO V1.0.0.2 V1.03.00
- .
& Application FL1002-320001 ¥1.0.0.0 V1.05.02 1
Library Man:
D Lrary Marager FL2003-00320P ¥1.0.0.0 V1.05.02 t
[8) prc_pre pRG)
FL6121-1E] V1.09.00 +
= (38 Task Configuration
F - V1.0.0. V1.08. T
@C Open_Task L5105-1616DN V1.0.0.0 1.09.00
& EtherCAT Task FLS005-16160P ¥1.0.0.0 v1.09.00 1
= & ManTask FL2103-0032DN VL0.0.0 V1.09.00 t
8 pc_prG FL6002-2E5 V1.0.0.0 V1.10.00 1
[ variable usage FL6112-2E1 V1.0.0.0 V1.10.00 t
750 11002 iz
TM_HSIO (TM-HSIO) TM75x-HSIO V1.0.0.2 V11102t
= [f) EtherCAT (EtherCAT Master SoftMotion) TM75x-HSIO VL.0.0.4 VLiZilt
= INVT_DA. A, N AT
(@ mT_DA200_265 (DA200- EtherC TM7SxHSIO VL0.0.5 viiy
M Axis (Axs)
TM75x-HSIO V2.0.0.0 V1.13.16 1
[ ExtCard (ScanModule)
TM-HSIO ¥3.0.0.0 V11316 1

= [ Ethernet (Ethemet)
= [ EtherNet 1P Scanner (EtherNet/IP S¢

Invtmatic Studio

version

V3.0.0.8 ¢
VL3501
VL3501
VL3531
VL3531
VL3531
V1353t
VL3541
VL3541
VL3531
VL3581
V0L3.7.0¢
v3.0.0.7¢
V3.0.0.8 1
V3.0.0.9 1

Method for viewing firmware version:
Suitable for PLC Method 1: Connect the upper computer to
the PLC and enter the Version command to
P2000 view it
Method 2: Use the Invisble Studio tool to
Lt connect the PLC and also view the frmware

S— version informaton

TM700
TM700

TM700
TM700
TM700
TM700
TM700
TM700
TM700
TM700

TM700
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7 PLC Upgrades and Settings

7.1 Software Upgrade

After opening the Invtmatic Studio software, click Help > Software upgrade in the menu to enable online
software upgrades.

Figure 7-1 Software Upgrade Interface

Untilled].proje(t" - Invtmatic Studio V3.0 V3.0.0.9---C:\Users\Administrator\Desktop\11\Untitled 1\Untitled1.project

File Edit View Project Build Online Debug Tools Window

@& o~ % BEX|MA%MNL 2 |@ CODESYS Help Ctrl+Shift+F1 |+ €
| & Additional Help

|
Devices ~ 8 X @ pevice x Sample I
= ) Untitedt = l Program manual i
b _\j Device (TP2422-1128) Communication Settings f ;o:wave et O 0
4, Fault diagnosis summary Applications Hardware manual
= &0 pLc Logic Releasa Nota Bt avaiable loggers: G
- I | Application Backup and Restore
@ on INVT Website
m Library Manager fhes
[E) PLC_PRG (PRG) | g
= (&8 Task Configuration
+ & MainTask (IEC-Tasks) PLC Settings
£ Task (IECTasks)
T rersistentvars EEC S
) Variable usage Users and Groups
[) Version relation check
# TP200¢_HSIO (TP2x0xx-HSIO) Access Rights
= (@ canbus (CANbus)
- J CANopen_Manager (CANopen_ | Symbol Rights
 DA200A_Drive (DA200A Driy | | Software metrics for license
2 SoftMotion General Axis Pool e Smnaton

If there is a new version, the software will automatically prompt you to upgrade it when you open it. After the
download is complete, click Upgrade.

Figure 7-2 Downloading and Installing the Upgrade Package

u:! Invtmatic Studio AP update tool v2.2.0.6 — O X
Online update Offline update Component Installed Latest
(®) Release version () Beta version Hain progrem V3.0.0.9
Packages V3011
Please choose version Online Help V30001
‘ ~ Update
< >

Latest version info

Check update when start
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7.2 Device Connection
Step1 Navigate to Tools > Invtmatic Studio Tool in the menu bar to open the Invtmatic Studio Tool
(hereinafter referred to as the tool).

Step2 Once the tool is opened, the interface appears as shown in Figure 7-3. The tool provides two
connection methods:

Automatic Connection: Select the corresponding network adapter and click Connect. All scanned
PLCs will be listed in the left pane. Double-click the target PLC to establish a connection.

Manual Connection: If you know the specific IP address of the PLC, enter the IP address and port,
then click Connect.

Step 3 During an automatic connection, if a scanned PLC cannot connect due to a subnet mismatch, a
pop-up window will ask if you want to add an IP address in the corresponding network segment. You
do not need to add the IP address manually, and the IP address is configurable.

If a connection fails, the tool defaults to the last successfully connected IP address.

Figure 7-3 Device Connection Interface

A
A Invtmatic Studio Tool V1.1.0.18 v o — O X
I ‘-J_’ Connection Device Connection e
Auto or manual connection
€:\} Network Device Corjnection
Connectjon ) Automatic Manual Local:  192.168.1.11 Reboot 4G Rename Read TM753-C
- Upgrade i, Select NIC connected to PLC. If auto connection is selected, select a network adaptes
S Transfer Adapter ||PLC ASIX AXBB170 USB 3.0 to Gigabit Ethernet Adapter I
e =& Gateway P 192.168. 1 .10 Port 5779
Q) RTC L= TM7S3(0) Disconnect
PLC THISS Firmware |¥1.14.01
.] Log FPGA versi
{& Resetting Scanning...
) PLC list 10:02:34--PLC Type: TM753 IP: 192.168.1.10
& Application Device connected
Prompt message
@, Module Scan

Password

(5]

Protocol V1.3.7.9

7.3 Firmware Upgrade

The TM/TP series supports firmware upgrades via a network port.

Step1l After connecting to the PLC, open the firmware upgrade interface, as shown in Figure 7-4. The
information of the connected PLC will be displayed.

Step2 Click Check, select the firmware package corresponding to the PLC model, and start the download.

Step3 Once the download is complete, click the file icon on the right to automatically select the downloaded
package, without needing to manually select it.
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Step4 Then, click Start and wait for the upgrade to complete.
Step 5 After the upgrade is complete, check that the firmware version has changed.

#Note: TP series PLCs also support firmware upgrades via files stored on a USB flash drive, which is
convenient and easy to use.

Figure 7-4 PLC Connection Interface of the Tool

r -
A Invtmatic Studio Tool V1.1.0.18 v o — O X
2 Connection Firmware Upgrade ]
PLC Info
678 Network
P e 1. 1. 10 Port m
I B Upgrade PLC ] Firmware |1 14.01 [ e |
| S Transfer FPGA Vi yanload firmwa
| = < Firmare Davmload - o x Download firmware
e
i @ RIC Emware Info User Automatic ¥ Rl
| ” L Status  Successfully connected to the server
°9 Path | [select Package
| I TPG00D
i & Resetting Connecting to server... | TP2000
Success, TS
| & Application Select the corresponding
I B " TM751 PLC model and firmware
| @, Module Scan b TM752 version to download
| - 4 TM753
i (&) Password 1.12.09
. ez s
I
| Select the firmware package to upgrade
‘ Start upgrade and wait
for completion
‘ [ sn
L Protocol V1,379

7.4 Network Settings

Through network settings, you can read or modify the IP address and subnet mask of network ports 1 and 2,
as shown in Figure 7-5. You can click the icons to switch between Ethernet ports.

#Note:

e  Networking function switch: Allows ETHO and ETH1 to be set to the same subnet, enabling data
exchange and networking functionality.

e  FEthernet over EtherCAT (EoE) function switch: EoE uses mailbox communication to encapsulate
Ethernet messages in EtherCAT mailbox messages, simplifying wiring. With EOE communication, servo
parameters can be quickly adjusted with a single click, greatly improving debugging and setup
efficiency.

® In switch mode, do not connect two or more physical ports (such as ETHO and ETH1) of this device to
different ports on the same external switch using network cables. This can trigger a broadcast storm,
causing the entire network to fail in seconds and rendering all PLCs unable to communicate.

202605 (V1.1) 172



INVT Medium- and Large-Scale PLC Software Manual PLC Upgrades and Settings

Figure 7-5 Network Setting Interface

A Invtmatic Studio Tool V1.1.0.18 v — O X
2 Connection Network Setting o
l 3 Newwork | Network Setting |
Ethernetd Ethernet! EtherCATO EoE (Ethernet tunneled over EtherCAT services)
g Upgrade ! ! !
S Transfer

{) R1C
W

A\, Click on the image to select the port to be configured.

P: 192.168. 1 . 10
@ Resetting
Gateway: 192188 1 . 1
‘ Application Mask: 266, 755. 265. O
- g
Gﬁ Password
. | ] Protocel V1379

7.5 Time Settings

You can read or modify the system time.

Figure 7-6 System Time Read/Write Interface

A Invtmatic Studio Tool V1.1.0.18 v — O X
2 Connection RTC Setting @
é:} Network RTC Setting

PLC Time: [1900-01-00 00:00:00 |
B upgrade Time Setting

Time: = hess < :
S Transfer ime 20251220 2e— O | [1s:3037 =kc]

I @ Rr1C Time Zone

Current Date Tme: 2025-12-20 Monday 15:39:37
W Lo

Local Tims Zone: (UTC+0800) A7, B, ERREUTHE, B84 v
& Resetting
@ Application

@

Module Scan

Password

@

| [T Protocol V1.3.7.9
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7.6 Factory Settings Reset

You can restore the PLC to its factory default settings on the Resetting interface, as shown in Figure 7-7.
Since the PC is connected to Ethernetl or Ethernet2 of the PLC, it is not necessary to know the IP address of
the PLC. The PLC can be reset to factory settings and the APP can be cleared by one click.

#Note: Restoring factory settings and clearing the APP will clear all PLCs on the same Local Area Network
(LAN). Disconnect the network cables of other PLCs before executing this function.

Figure 7-7 Restoring the IP Address or Clearing the App

A Invtmatic Studio Tool V1.1.0.18 v o — O X
‘_E Connection Resetting &
@ Network Factory restoration

o Connect 24V power o Connect PLC to PC 9 Select Local NIC o Select Item
g Upgrade
3: Select the corresponding NIC in ComboBox
S Transfer
I, Select NIC connected to PLC. ®
-
@ riC Sender NIC
B . [L4=eF 3 Realtek Gaming 2.5GbE Family Contraller v || Fresh
Sender Port Sender IP
B R
&
10002 172.16.167.59
@ Application 4 Select the reset item  (F multigle devices are connecied, all devices will be reset together)
@, Module Scan 19 Reset (Restore |7 to factory settings)

Clear App (Clear existing App of PLC)

@ Password

Protocol V1.3.7.9

7.7 File Transfer

The file transfer interface is shown in Figure 7-8. The PC directory is displayed on the left, and the PLC
directory is on the right. You can transfer files between them using the buttons in the middle. The TP2000
series PLC does not support the quick file transfer function. For TM series and TP6000 series PLCs, this
interface allows single transfers of files or folders up to 30MB. If you need to transfer larger files or folders
(exceeding 30MB), use the quick file transfer function located in the bottom right corner. Click Quick File
Transfer. In the pop-up window, enter the PLC's IP address and click OK to proceed. The quick file transfer
interface is shown in Figure 7-9.

Additionally, both the PC and PLC directories have operation buttons in their upper right corners. Hover your
mouse over a button to view its function, or right-click.
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Figure 7-8 File Transfer

A Invtmatic Studio Tool V1.1.0.18 v — O X
% Connection File Transfer s
Local Disk L N PLC Disk E1 | X
£3 Network Name Size Date Name Size Date
B Upgrade N Codesys Log 05:12/1/Jan
Pg =D cert 00:00/1/Jan
I S Transfer = EN NewDirectory . 00:02/1/Jan
- Fy {0 PACOTBIRE -Imvtmatic (V.. 1.2MB 00:26/1/Jan
@ RTC My Documents [ README.md 1.5KB 01:18/1/Jan
[ Desktop [E Rename.txt 958 00:05/17)an
.I Lo )1 .xml 8038 18:53/17)an
¢ ] Log Filecsw 3521KB  02:03/17Jan
. FTP_Fil 00:00/1/)
@ Resetting - '?s : Flidan
BrlcLogictargz 910KB 00:43/1/Jan
‘ Application ¥ ubi_reader-main.zip 72KB 00:27/1/)an
PP n [ codesys1.cfg o8 00:00/1/Jan
@, Module Scan invtRetainStandard 16:58/4/)an
PleLogic 00:0071/Jan
@ pa— ERE 1.8k8 02:35/47)an
PC directory PLC directary
< >
Mote: File Transfer supports files or folders under 30 MB only. Quick File Transfer supports files or folders over 30 "
M3 and deoes not require a device connection frem the device connection interface Quick File Transfer
| | [ | Frotocol V1.3.7.9
Figure 7-9 Quick File Transfer
A Invtmatic Studio Tool V1.1.0.18 ~ — O X
& Connection File Transfer s
Local Disk - &P PLC Disk Eifu| ¥ x
Network
X Name Size Date Name Size Date
g UssrEsk i G Codesys_Log 05:12/1/)an
P9 - D cert 00:00/1/Jan
- E NewDirects 00:02/1/)
I S Transfer \ ewDirectory ‘ /1/)an
- Fy (@) PADD18TRE -Invtmatic (V... 1.2MB 00:26/1/Jan
@ riC My Documents [ README.md 1,58 01:18/1/lan
M Deskiop 5] Rename.txt 268 00:05/1/lan
.I - 1l 8038 18:53/1/)an
9 (3] Log_File.csv 3521KB  02:03/1/)an
. FTP_Fil 00:00/1/)
@ Resetting B e : /1zan
cLogictar.gz 910KB 00:43/1/Jan
@ Application ¥ ubi reader-mainzip T2KB 00:27/1f)an
PP n [ codesyst.cfg 0B 00:00/1/Jan
@, Module Scan inviRetainStandard 16:58/4/Jan
PlcLogic 00:00/1/Jan
@ Password [ERE 1.8KB 02:35/4/Jan
PC directory PLC directory
< >
Mote: File Transfer supports files or folders under 30 M8 enly. Quick File Transfer supports files or folders over 30 A
B and does not require a device connection from the device connection interface e s e
| | [ | Protocol V1.37.9

7.8 Log

The log interface is shown in Figure 7-10. Click Fresh to retrieve the logs. You can filter the logs by
component or log level. The interface also supports switching between Chinese and English and adjusting
the time zone. Logs can be exported as .CSV files.

Translation only applies to the information column of error logs.
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Figure 7-10 Log Interface

A Invtmatic Studio Tool V1.1.0.18

W Connection Log
Component + [ Clear [ Export||[@ 2 Error [E 0 Exep [A1 Warn | @213 Info @0 Debug | [BEn @ cn [JUTC

=
Log level filter Language & fime zone
||

{‘;} Network =5 =3 po miE
g U d Q 1970-01-01 08:00:05 Retain file not exist or retain parameter  CmpStartStop_1.1.0.0
rade . . .
P9 [<] 1970-01-01 08:00:03 Retain backup file not found!!! CmpStartStop_1.1.0.0
. A 1970-01-01 08:00:05 ***Low battery voltage or no battery CmpStartStop_1.1.0.0
= Transfer
@ Rr1C
@ Resetting
& Application
&, Module Scan

D 8

&) Password

[eehie el | Protocal V1.3.7.9

7.9 Application

The application interface is shown in Figure 7-11. This function must be used in conjunction with Build >
Generate runtime system files in the upper computer's toolbar. After using the Generate runtime system
files function as described in section 3.2 Build Menu, a file with the .userprg extension will be generated. You
can select this file on this interface by clicking Select Application. Once selected, click Program Upgrade to
write the packaged program to the PLC.

Application Settings

Refresh to Get: Retrieves all programs currently stored in the PLC.
Save Locally: Downloads the retrieved programs to the PC.

Upload to PLC: Uploads programs from the PC to the PLC.

Delete: Deletes the retrieved programs.

Power-failure Retention Data

Save Locally: Downloads the power-failure retention recipes to the PC.

Upload to PLC: Uploads the power-failure retention recipes to the PLC.
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Figure 7-11 Application

A Invtmatic Studio Tool V1.1.0.18 v — 0O X
& Connection Application E
£3 Network Application

App Download
E Upgrade
User Program Project Version
S Transfer | [ select Application | | ‘
PLC Type App Name
@ riC | \
Project Name: Author
W o I | \ \
Company Version
(& Resetting | | ‘ ‘
Description
® Module Scan
@ Password Application Setting
o Ao e [ Refresh to Get |
X Upload to PLC
B Delete
Retentive Data
Retentive Recipe File Backup and Restore
State: X Upload to PLC

7.10 Module Scanning

The module scanning interface is shown in Figure 7-12. This function is only applicable to TM series PLCs.
After connecting to the PLC, click Scan. The Module Information area displays details of the configured
modules, while the Module Configuration area shows their physical layout.

Figure 7-12 Module Scanning

A Invtmatic Studio Tool V1.1.0.18 o= O X
2 Connection Module Scan S
é:} i Maodule Scan

Meodule Configuration
K upgrade LocalBus « | Scan |Supports TM Series controllers only
& Transfer
&) RIC
.I ey Displays the physical layout of the configured modules.
@ Resetting
‘ Application
I @l Module Scan Module Information
NO FPGA Ver Description
Gﬁ Password

Displays details of the configured modules.

| [N | Frotocol V1.3.7.9
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7.11 Password Settings

As shown in Figure 7-13, you can reset the PLC password.

Figure 7-13 PLC Password Reset

A Invtmatic Studio Tool V1.1.0.18 v — O X

‘_~E Connection Password ]

Password

6% Network
Default password: 1234 (must be 4 digits)
Previous | @

Transfer New |

g Upgrade

un

RTC Confirm | Ko}

Log [k |

® H ©

Resetting

Application

Module Scan

I @ Password

[LLE= ]| Protocol V1.3.7.9

7.12 Developer Mode

To access developer mode, click the icon in the upper right corner of the software and select Developer
Mode. The interface is shown in Figure 7-14. This function is exclusively available for TP series PLCs and can
be used to retrieve the PLC password.

Figure 7-14 Developer Mode

Developer Mode - O >

Developer Password

“ Confirm

Show Password History
Show Old Passward Only

Get Device Password

Ready
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Appendix A Project Examples

A.1 Example of RS485 Communication Configuration between the

Controller and Goodrive20 Series VFD

Set the TP2000 series controller as the master and Goodrive20 series VFD as the slave. The controller uses
the Modbus RTU communication protocol, with the physical layer of two-wire RS485, and communicates
with the VFD through the COM2 port. By writing a small program, use the upper computer to read and write
the function parameters of Goodrive20 VFD. The Al port of the PLC hardware is connected to the VFD 485+,
and the B1 port is connected to the VFD 485-. The operation steps are as follows:

Step1 Create a new project and select the menu Projects > Standard project. At this time, a new standard
project has been created, the device is TP2321-1016, the programming language is structured text
(ST), and the project information can be edited as needed.

|=] new project X
categories(Q) templates(T)

[ Libraries . H ~
2 8|

) Empty project HMI project Standard Standard
1. Select Projects. project | project w...

2. Select Standard project.
IA project containing one device, one application, and an empty implementation for PLC_PRG

AXTX ~
™31
TM750
TM751
TM752
TM753
1 M773
TP2321-1016 | 3. Select the hardware model.
TP2321-1032 -
TP2422-1048

TP2422-1064 - IxEtherCAT, 16axis EtherCAT bus control

TP2422-1096 - 2xEthernets Support TCP/IP» Modbus TCP\ UDP and other protocols Server/Client

TP2422-1128 - OPC UA Server

TPB210-x000¢ - DRS485, Support Madbus RTU Master/Slave

> * 2xUSB3.0
621 15 - 1XDP

TPE214-x000x - 2.0GHzs 8GBLPDDRS) 64GB SSD

TP6219-1211 v | - Program capacity 256MB» PERSISTENT capacity SMB

PLC_PRG in |Structured Text (ST) 4. Select the default project text. v
name(N) |Unuded2 5. Specify the project name and storage location. |

LT sers\Administr ator Desktop| L1 |l
Lo ]/ o
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Step2 Add Modbus_Masterl and Modbus_RTU_Slavel following section 0

Step3 Modbus RTU Master Configuration, set the communication parameters, and set the PLC as a

Modbus_TCP slave to communicate with the HMI. This allows you to display the VFD parameters on
the HMI, as shown in the figure below.

= (§J Device (TM753)
1) Auto scan
¢ +, Fault diagnosis summary
=2 PLC Logic
= Application
m Library Manager
[£] PLC_PRG (PRG)
= (&4 Task Configuration
=& EtherCAT Task
&) PLC_PRG
D Variable usage
D Version relation check
[ ™75x-HSIO (TM75x-HSIO)
+({J EtherCAT_Master_SoftMotion (EtherCAT Master S
[ ExtCard (ScanModule)
= Iﬂ] Modbus_Master_1 (Modbus Master 1)
1 __ﬂ Modbus_RTU_Slave_1 (Modbus RTU Slave 1)
2 SoftMotion General Axis Pool

Step 4 Set the baud rate to 19200, the data bit to 8, the stop bit to 1, the check bit to EVEN (even parity), and

the timeout period to 1000 ms; set the VFD node number (slave address) to 1, and the slave enable
variable to 1001.

Devices * 1 X [ Modbus_RTU_Slave_1 x
= [ TM753E [EModBus RTUZ B SHMIE HEHTEF .
M | i
= Device (TM753) odbus slave settings
D Adto Modbus slave settings
- uto scan Modbus communication settings
+, Fault diagnosis summary
=21 PLC Logic Fault diagnosis Station number 1 =
=} Application (17247)
; Status
ﬂ Library Manager Timeout (ms) 1000 =
';l PLC_PRG (PRG) Information (100765535)
= LE Task Configuration oot <
& Sla\"e enable -
§5 EtherCAT Task i . variable (M) (077993)
& rLC_PRG

D Variable usage
D Version relation check
[ ™M75x-HSIO (TM75x-HSIO)
+ ﬂj EtherCAT_Master_SoftMotion (EtherCAT Maste|
\j_j ExtCard (ScanModule)
= [{J Modbus_Master_1 (Modbus Master 1)
[ Modbus_RTU_Slave_1 (Modbus RTU Slave
"3 SoftMotion General Axis Pool
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Step5 In the Modbus Communication Settings window, add a

configuration, as shown in the following figure.

(i Modbus_RTU_Slave_1 x

Modbus slave settings

Modbus communication settings

I Fault diagnosis
Internal I/O Mapping
Status

Information

Name

Channel 00
Channel 01
Channel 02

Function code Enable type

(0x03) Read ho... Loop execute
(0x02) Read dis... Loop execute
(0x01) Read coils  Loop execute

Enable variab...

Cirde time(ms) ReadAddress ReadlLength Error handiing

200 (0x0000) 0
200 (0x0000) 0
200 (0x0000) 0

1
1
1

Keep last value
Keep last value
Keep last value

Modbus slave communication

Step 6 Double-click PLC_PRG and enter the following code in the declaration editor to bind the variable
address, so as to facilitate communication with the touch screen.

PROGRAM PLC PRG

VAR

brun pos AT %MX0.0

bSet
bStop
brun neg
breset
bJog Pos

bJog Neg

AT

AT

AT

AT

AT

AT

statusShow AT

fre
bstatus
hfre
canshu

END_VAR

AT

AT

sMX0.1

$MX0.2

%MXO0.3

$MX0. 4

$MX0.5

sMX0.6

TMW100

:BOOL;

:BOOL; //
:BOOL; //
:BOOL; //
:BOOL; //
:BOOL; //

:BOOL; //

// Forward

Frequency setting start

Stop

Reverse

Error reset

Forward jog

Reverse jog

:INT;// Running state display

:INT;// Frequency

:INT;// Running state

SMW10

TMW200

:INT;// Touch screen frequency value setting

ARRAY[1..6]

OF INT;

In the Modbus slave communication settings window, map the control variables in the program:

\ﬂ Modbus_RTU_Slave_1 X

Modbus slave settings Find Filter Show all
Modbus communication settings Variable Mapping | Channel
=-"® Application.PLC_PRG.bstatus “» Channel 00
Fault diagnosis + "y Channel 00[0]
) =-"$ Appiication.PLC_PRG.fre “» Channel 01
| Internal I/O Mapping P Channel 01[0]
| Status = 9 Application.PLC_PRG.statusShow » Channel 02
L Channel 02[0]
Information = *p Application.PLC_PRG.canshu v Channel 03
L Channel 03[0]

Address

« &k Add FB for IO Channel... Go to Instance
Type Unit  Description
ARRAY [0..0] OF WORD (0x06) Write single register
WORD WRITE 16#0000(=0000)
ARRAY [0..0] OF WORD (0x06) Write single register

WORD
ARRAY [0..0] OF WORD
WORD
ARRAY [0..0] OF WORD
WORD

WRITE 16#0000(=0000)
(0x03) Read holding registers
READ 16#0000(=0000)
(0x03) Read holding registers
READ 16%0001(=0001)
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In Channel03, read 6 addresses from 16#3000 and map them to the canshu array variable. In the array
canshu[2], i.e. the address 3002H, if the value 3335 is read, it means that the bus voltage is 333.5 V. Please
refer to the VFD product manual.

In Channel02, read 1 address from 16#2100 and map it to the status Show variable. If the value is 3, it means
the VFD is stopped. Please refer to the VFD product manual.

Enter the following code in the main code editor:
SM1001:=TRUE;// Slave enable variable
IF brun pos THEN
bstatus:=1;

END IF

IF brun neg THEN
bstatus:=2;

END IF

IF bJog Pos THEN
bstatus:=3;

END IF

IF bJog Neg THEN
bstatus:=4;

END IF

IF bStop THEN
bstatus:=5;

END_IF

IF bSet THEN
fre:=hfre;

END IF

After connecting the VFD to the controller via two-wire RS485, start the VFD. Set the function code P00.01 to
2 through the VFD keypad so that its running instruction can be controlled by the upper computer through
communication; set P00.06 to 8, that is, select the Modbus communication mode; set the serial
communication parameters of the group P14 to make them consistent with the initialization setting
parameters of the upper computer, including the baud rate, data bit, check bit, slave address, timeout period,
etc.

Click the icon B | in the Toolbar to compile the code. After completing compilation without errors, click the
button % in the Toolbar to log in to the controller, and ensure that the Nixie tube of the controller has no

error, Goodrive20 VFD is successfully connected to the controller, the communication is normal, and the

touch screen interface is as shown in Figure A-1.

202605 (V1.1) 182



INVT Medium- and Large-Scale PLC Software Manual

Project Examples

Figure A-1 HMI Screen for Communication between TP2000 and the VFD

Set  Communication setfrequency Running frequency

Qutput voltage

VFD status

Running forwar#

Forward run Reverse run Setirequency Qutput current
o o - -
Stop Fault reset Bus voltage Qutput speed
o o - -
Forward jog Reverse jog
OFF OFF

A.2 Example of Communication Configuration between the Controller

and DA200 Series Servo Drive

Example: By writing a small program, control 4 DA200 series servo drives to drive 4 motor shafts to perform
uniform forward and reverse motion. The operation steps are as follows:

Step1 Create a new project and select the menu Projects > Standard Project. At this time, a new standard
project has been created, the device is TP2321-1016, the programming language is structured text (),
and the project information can be edited as needed, as shown below.

|=] new project X
categories(C) templates(T)
{_J Libraries . & b
B (@ C
i Empty project HMI project Standard Standard
1. Select Projects. project | projectw...
2. Select Standard project.
IA project containing one device, one application, and an empty implementation for PLC_PRG
AXTX A

TM731

TM750

TM751

TM752

TM753

TM773

| TP2321-1016 | 3. Select the hardware model.

TP2321-1032 "

TP2422-1048

TP2422-1064 * 1xEtherCAT, 16axis EtherCAT bus control

TP2422-1096 - 2xEthernets Support TCP/IP\ Modbus TCP+ UDP and other protocols Server/Client

TP2422-1128 - OPC UA Server

TP6210-%006x » 2XRS485, Support Modbus RTU Master/Slave

- 2xUSB3.0

TP6211-XxxXX - 1xDP

TPE214-000¢ * 2.0GHzs 8GBLPDDRS, 64GB SSD

TP6219-1211 v | *Program capacity 256MB, PERSISTENT capacity SMB )

PLC_PRG in | Structured Text (ST) 4. Select the default project text. v
name(N) |Unuﬁed2 5. Specify the project name and storage location. |
LRI \ers\Administrator Desktopl1 1] |l

Lo ]| o
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Step 2 Right-click Device in the device tree, and select Add Device to add an EtherCAT master device,
EtherCAT Master SoftMotion, Version 4.9.0.0 here.

| [ Add Device X

Name I‘Eﬁ'lerCAT_Master_Suf‘Nohun I

Action
(® Append device sert device Flug device () Update device L
Ismng for a full text search | Vendor | <all vendors> v T
Name Vendor Version Description )
= D;E Master
m CXo000x internal EtherCAT Master CODESYS 4.9.0.0 CXooox internal EtherCAT Master...
m EtherCAT Master CODESYS 4.9.0.0 EtherCAT Master...
[EtherCAT Master SoftMotion | | CODESYS ~ 4.9.0.0  EtherCAT Master SoftMotion...
+ HB Ethernet Adapter
+. = EtherNet/IP v

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

[ Name:EtherCAT Master SoftMotion

Vendor: CODESYS

Categories: Master

Version: 4.9.0.0 §
Order Number: =

Description: EtherCAT Master SoftMotion...

Append selected device as last child of
Device

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

dose | |

Step 3 Right-click EtherCAT Master SoftMotion in the device tree, and select Add Device to add 4 servo
drives, DA200-N here.

[ Add Device X

Name I |[NVT_DAZGG_ZE 5.1 |

Action
(® Append device () Insert device Plug device () Update device
[pa200 | vendor [ <allvendors> -
Name Vendor  Version Description (a)
= pads EtherCAT
= p} Slave
=3 T
=-[3 Servo Drives
| [pazo0n EthercaT(CoE) Drive v265 | IWVT | Revision=16200000048  EtherCAT Slave imported fro
vt INVT_DA200A_EtherCAT_1.0.1.0 INVT Revision=167000000A8 EtherCAT Slave imported fro v
< >

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

[  mame:DA200-N EtherCAT(COE) Drive V265 ~
Vendor: INVT
Categories: Slave
Version: Revision=16=000000AB §
—

Order Number: INVT_DA200_265
Description: EtherCAT Slave imported from Slave XML: INVT_DA200_EtherCAT_V265_220120.xml
Device: DA200-N EtherCAT(CoE) Drive V265 v

Append selected device as last child of
EtherCAT_ETH3

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

Add Device Close

==
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Step4 Right-click INVT_DA200 in the device tree, add 4 servo motors, and configure the axis gear ratio for
each, as shown in the figure below.

201 project - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Desktop\iZEF+5\Em TI20 1\;@ TI201 project
Elle Edit View Project Build Online Debug Tools Window Help

e d & - [ 9 = (3 |#4 | Application [Device: PLC Logic] ~ O§ 3 > |9
Devices - 3 x H Axs x
|E] PLC_PRG (PRG) - A
= [@ Task Configuration Scaling
& EtherCAT_ETH3 Task (IEC-Tasks) o Scale Propertionally
ming Setting 4
& EtherCAT Task (IEC-Tasks) [ 1nvert direction
=-§ MainTask (IEC-Tasks) Automatic mapping 10000 Increments <=5 motor turms ’1—
&
T Pas:l:;’i% General 1 motor turns <=> gear output tums 1
[ variable usage - 1 gear output tums <=> units in application |:
ommissioning

) version relation check :
# o200 HSIO (TP200x+510) i ~
= [ EtherCAT_ETH3 (EtherCAT Master SoftMotion) SM_Drive_ETC_GenericDSP402: @ o
= (@ ™vT_DA200_265 (DA200-N EtherCAT(COE) Drive V2 IEC Objedts I
Status =
= (@ ™VT_DA200_265_1 (DA200-N EtherCAT(CoE) Drive
B axis_1 (axs)
= (@ mvT_DA200_265_2 (DA200-N EtherCAT(CoE) Drive
N Axis_2 (Axis)
= (@ ™vT_DA200_265_3 (DA200-N EtherCAT(CoE) Drive
N Axis_3 (Axis)
= (H Modbus_Master_1 (Modbus Master 1)
[ Modbus_RTU_Slave_1 (Modbus RTU Slave 1)
‘3 SoftMotion General Axis Pool

Information -+

Remarks:

1+ when the moter is runing the controller sends the pulse to the servo driver through
Ethercat communication to control the serve operation . Therafore , the resolution of the
encoder needs to be accurately set according to the actual situation . For example , the
distribution rate of the servo motor is 20bit it means that the motor rotates 1 twn and
needs to receive to receive 1048,576 pulses

2. Set the corresponding parameters (electronic gesr ratio) according to the actual
mechanical structure}

- 9. Wakar Bask sovinaben lonct {n tha Bowe dhive son aale lomnt lobasse doba En acdes ba

Step 5 Double-click the PLC_PRG and enter the following codes on the statement editor:
PROGRAM PLC_PRG
VAR
iStatus: INT;
MC Power 0: MC Power;
MC Power 1: MC Power;
MC Power 2: MC Power;

MC Power 3: MC Power;

MC MoveAbsolute O:
MC MoveAbsolute 1:
MC MoveAbsolute 2:
MC MoveAbsolute 3:
END VAR

Step 6

CASE iStatus OF

MC MoveAbsolute;
MC MoveAbsolute;
MC MoveAbsolute;

MC MoveAbsolute;

Enter the following code in the main code editor:

0:
MC Power O (Axis:= SM Drive GenericDSP402, Enable:= TRUE, bRegulatorOn:= TRUE,
bDriveStart:=TRUE , );
MC Power 1 (Axis:= SM Drive GenericDSP402_ 1, Enable:= TRUE, bRegulatorOn:= TRUE,
bDriveStart:=TRUE , );
MC Power 2 (Axis:= SM Drive GenericDSP402 2, Enable:= TRUE, bRegulatorOn:= TRUE,
bDriveStart:=TRUE , );
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MC Power 3 (Axis:= SM Drive GenericDSP402 3, Enable:= TRUE, bRegulatorOn:= TRUE,
bDriveStart:=TRUE , );

IF MC Power O.Status AND MC Power 1l.Status AND MC Power 2.Status  AND
MC Power 3.Status THEN

iStatus:=iStatus+l;

END IF

MC MoveAbsolute 0 (Axis:=SM Drive GenericDSP402 , Execute:= TRUE, Position:=50

Velocity:=3 , Acceleration:= 2, Deceleration:= 100,);

MC MoveAbsolute 1(Axis:=SM Drive GenericDSP402 1, Execute:=TRUE, Position:=50

Velocity:=3 , Acceleration:= 2, Deceleration:=100,);

MC MoveAbsolute 2 (Axis:=SM Drive GenericDSP402 2, Execute:=TRUE, Position:=50,

Velocity:=3 , Acceleration:= 2, Deceleration:=100,);

MC MoveAbsolute 3 (Axis:=SM Drive GenericDSP402 3, Execute:=TRUE, Position:=50,

Velocity:=3 , Acceleration:= 2, Deceleration:=100,);

IF MC MoveAbsolute 0.Done AND MC MoveAbsolute 1.Done AND MC MoveAbsolute 2.Done
AND MC MoveAbsolute 3.Done THEN

MC MoveAbsolute 0 (Axis:=SM Drive GenericDSP402 , Execute:= FALSE,)

MC MoveAbsolute 1 (Axis:=SM Drive GenericDSP402 1 , Execute:= FALSE,);

MC MoveAbsolute 2 (Axis:=SM Drive GenericDSP402 2 ' Execute:=
FALSE, ) ;

MC MoveAbsolute 3 (Axis:=SM Drive GenericDSP402 3 , Execute:=
FALSE, ) ;

iStatus:=iStatus+1;
END IF
2:

MC MoveAbsolute 0 (Axis:=SM Drive GenericDSP402 , Execute:= TRUE, Position:=0

Velocity:=3, Acceleration:= 2, Deceleration:= 100,);

MC MoveAbsolute 1 (Axis:=SM Drive GenericDSP402 1, Execute:= TRUE, Position:=0 ,

Velocity:=3 , Acceleration:= 2, Deceleration:=100,);

MC MoveAbsolute 2 (Axis:=SM Drive GenericDSP402 2, Execute:= TRUE, Position:=0,

Velocity:=3, Acceleration:= 2, Deceleration:=100,);

MC MoveAbsolute 3 (Axis:=SM Drive GenericDSP402 3, Execute:= TRUE, Position:=0 ,

Velocity:=3 , Acceleration:= 2, Deceleration:=100,);

IF MC MoveAbsolute 0.Done AND MC MoveAbsolute 1.Done AND MC MoveAbsolute 2.Done
AND MC MoveAbsolute 3.Done THEN

MC MoveAbsolute 0 (Axis:=SM Drive GenericDSP402 , Execute:= FALSE,) ;

MC MoveAbsolute 1 (Axis:=SM Drive GenericDSP402 1 ’ Execute:=
FALSE, ) ;
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MC MoveAbsolute 2 (Axis:=SM Drive GenericDSP402 2 , Execute:=
FALSE, ) ;

MC MoveAbsolute 3 (Axis:=SM Drive GenericDSP402 3 , Execute:=
FALSE, ) ;

iStatus:=1;
END IF
END CASE

The main body of the program takes the form of a state machine that determines which part of the code to
execute through the value of iStatus. When the program starts, the iStatus value is 0, and the program
initializes the MC_Power function block and enables the corresponding motor shaft. If the corresponding
motor shaft is enabled successfully, the iStatus value is 1 and the program enters the next state. When the
iStatus value is 1, the MC_MoveAbsolute function block is executed, and the motor rotates to the specified
position at the specified speed. If the motor moves normally to the specified position, the iStatus value is
increased by 1, and the motor enters the next state. When the iStatus value is 2, the MC_MoveAbsolute
function block is executed in the other direction. The motor continues to rotate to the specified position at
the speed specified by the function block. If the motor moves normally to the specified position, the iStatus
value is reset to 1. The program is executed repeatedly to implement the forward and reverse movement of
the motor.

Step 7 Double-click EtherCAT_Master_SoftMotion from the device tree and click Browse to select the
corresponding EtherCAT communication network named eth3. Select the distributed clock as
needed. In this example, select 4000 us as the cycle time, as shown below.

1] EtherCAT_ETH3 x

General Autoconfig master/slaves EthEI'CAT -~
Fumction Code EtherCAT NIC Settings
Update Destination address(MAC) FFFF . Broadcast [ ] Redundancy
Source address (MAC) 00-00
Sync Unit Assignment
Network name eth3
Overview (O Select netwark by MAC (®) Select network by name [_] Compare exact name
Sofety FSoE Connections Distributed Clock Options
Use LRW instead of LWR/LRD
Log Cycle time 4000 H s [Juse instead of LWR/
M
Sync offset 20 s o  [JMessagespertask

EtherCAT I/O Mapping Automatically restartslaves

EtherCAT IEC Objects
[ sync window monitoring
Status Sync window 1 =T

Information

Mailbox Gateway
[] Enable
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Step 8 Click the button '® | in the Toolbar to compile the code. After compiling, click the button % in
the Toolbar to log in to the controller. The servo starts normally, the motor runs smoothly, and the
upper computer interface is shown in the following figure.

Devices * 0 X
=13 Unttledd -
=45 ] Device [connected] (TM753)
Auto scan
D, Fault diagnosis summary
+ -2l PLC Logic
Variable usage
[ ™M75x-HSIO [TM75%-HSI0)
+ ‘ﬁ Modbus_TCP_Master 1 (Modbus TCP Masten
ﬂ Modbus_TCP_Slave_Devicel (Modbus TCP
+ ‘ﬁ Modbus_Master 1 (Modbus Master 1)
ﬁ ModbusDevice2 (ModbusDevice2)
ﬁ ExtCard (ModuleScan)
= &ﬂ EtherCAT_X0 (EtherCAT Master SoftMotion
= 7] INVT_DA200_265 (DA200-N EtherCAT|
H s (Aodis)
=-d% ] VT _DA200_265_1 (DAZ00-N EtherCA
B Axis_1(Axis)
= 7] INVT_DA200_265_2 (DA200-N EtherCA
B axis_2 (Axis)
=-d% ] VT _DA200_265_3 (DAZ00-N EtherCA
B Axis_3 (Axis)
" SoftMotion General Axis Pool

PLC_PRG X |[[] EtherCAT Master_SoftMotion '@ pevice |'$® EthercaT_Task  a#  SM_Drive_GenericDSP402 [ mwr_baz00_171
Device.Application.PLC_PRG
@ iStatus INT 1
+ & MC_Power_ MC_Power
+ @ MC_Power_1 MC_Power
+ & MC_Power 2 MC_Power
+ & MC_Power_3 MC_Power
+ @ MC_Movedbsolute 0 MC_MoveAbsolute w
< >
=
1 CASE iStatus[ 1 OF
2 0:
3 MC_Powsr O(Axis:= SM Drive GenericD5P402, Enable IE:= TRUE, LRequlatorCOnliiEl:= TEUE, bDriveStartfEE:=TEUE , );
4 MC Power_ 1l (Rxis:= SM Driwve GenericDSP402_1, Enablell := TRUE, bRegulatorOnjii TRUE, bDriwveStart|i :=TRUE ,
E MC_Power_ 2 (Axis:= 5M Drive_GenericD5P402_2, Enablelll = TRUE, bRegulatorOniE = TRUE, bDriveStarciifE:=TRUE , |
£ MC_Power 3 (Rxis:= 5M Drive GenericDS5P402_3, Enable[[EEl:= TRUE, bRegulatorOnGNEN:= TRUE, bDriveStarc@IE:=TRUE ,
B 7 IF MC Power 0.StatusfENEl AND MC Power_l.StatusEEI[E AND MC_Power_ 2.Status|EIEl AND MC_Powsr_3.5tatusEE THEN
3 iStacus| 1 |:=iStatus[_1__ F1;
3| EWD IF
10 1:
114 MC_MoveRbsolute_0(Rxis:=SM Drive_GenericDSP402 , Execute[EEl:= TRUE, Position[ 50 |:=50 , Velocity 38  |:=

1z MC_MoveBbsolute_l (Axis:=5M Drive GenericD5P402_1, Execute ENEl:= TEUE, Position[ S0 ;=50 , Velocity 2 |
13| MC_MoveBbsolute 2 (Rxis:=5M Drive GenericDSP402_2, ExecutceBBEDNEl:= TRUE, Position[  s0  |:=50 , Velocity[ 3 |
14| MC MoveBbsolute 3 (Axis:=5SM Drive GenericDSP402_3, Executel = TRUE, Position[ s =50 , Velocity 3 |

B 15 IF MC Movelbsclute 0.Donc[NESE AND MC Movelbscolute 1.Donc[NESH AND MC Movelbsolutes 2. Donc[NESS AND HC_HDVE
16 MC Mowelhanlnre Nilvie =M Nrive Genari-NSP4N?  FyernroEEWEl-= FLTSF 3 - wo% |
< >
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Step9 Double-click INVT_DA200 from the device tree to view or set the current motor running parameters
in the I/0 mapping interface, as shown below.

4 mvT_pa200_265 x -
General Find Filter Show all ~ 4 Add FB for 10
Servo Fundion Code Variable Mapping Channel Address Type Unit  Description
+ "9 Control Word %QW2 UINT Control Word
| Expert Process Data + "9 Target Position %QD2 DINT Target Positior
+ " Target Velocity %QD3 DINT Target Velocity
Startup Parameters & ‘.’ Mode of Operation %QB16 SINT Mode of Operé
Log + "o Target torque %QWS INT Target torque
+ "9 Touch probe control %QWI10  UINT Touch probe o
| EtherCAT /O Mapping + "y Max profile velocity %QD6 UDINT Max profile vel
LR Status Word %IW2 UINT Status Word
EtherCATIEC Objects + % Position Actual Value %ID2 DINT Position Actual
Status * Speed Actual Value %ID3 DINT Speed Actual\
+ B Torque Actual Value %IWS INT Torque Actual
Information + 4 Operation Mode Display %IB18 SINT Operation Moc
+ % Touch Probe Status %IW10 UINT Touch Probe S
+ 4 Touch Probe 1Positive value %ID6 DINT Touch Probe 1
+ Y Digital inputs %ID7 UDINT Digital inputs
Reset Mapping Always updatevariables
@ = Create new variable " =Mapto existing variable

Step 10 Select Device > PLC Instructions. Click the button (-] at the lower right corner and select plcload.
Then the CPU load rate of the current controller will be shown as follows, as shown below.

ﬂ Device X
PLC Core load: 1%
Files
Log Insert standard command X
PLC Settin ? A
e age getondlist

mem
PLC Shell reflect

applist

pid
Users and Groups pinf

startprg

stoppre
Access Rights resetprg

resetprgeold

reload
Symbol Rights getpreprop
o fovre et for leense [ i—
determination channelinfo

logsetfilter
IEC Objects logzetfilter

logdelfilter v
Common.Misc Parameters Cancel
Task Deployment
Status
Information

8=

< >

To observe the operation of the motor shaft in an intuitive way and track the actual position of the shaft,
create a new trace. Right-click Application and select Add Object > Trace. Set the task attribute to
EtherCAT_ETH3_Task, and add PLC_PRG.MC_Power_0.Axis.fActPosition and
PLC_PRG.MC_Power_0.Axis.fActVelocity variables in Trace. Adjust the display properties of the
coordinates appropriately to track the actual position and actual speed of the motor, as shown below.
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e PLC_PRG.MC_Power_0.Axis ™
= PLC_PRG.MC_Power_0.Axis.f2
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A.3 Example of CANopen Communication Configuration between the
Controller and DA200 Series Servo

By writing a small program, you can implement TM700 series PLC CANopen communication to connect
DA200 series servo drive. The operation steps are as follows:

Step 1 Create the following project following section 2.1.2 Creating a New Project.

CANopen_test.project - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Documents\CANopen_test'
File Edit View Project Build Online Debug Tools Window Help

e d & (YR Ll I B B v [1° | ¥4 | Application [
He Me 1E 3 2=
Devices v & X | [E] PLC_PRG X
=] CANopen_test v 1 PROGRAM PLC_PRG
= ({ Dpevice (TM753) VAR
y D Auto scan g =P-VAR
\, Fault diagnosis summary
= ﬁl] PLC Logic
= ) Application
m Library Manager

|E] PLC_PRG (PRG) |
= Eﬂ Task Configuration
$& EtherCAT Task
= MainTask
& pLC_PRG
D Variable usage
D Version relation check
B ™_Hsio (TM-+HsI0)
ﬂ EtherCAT (EtherCAT Master SoftMotion)
j] ExtCard (ScanModule)
2 SoftMotion General Axis Pool
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Step2 Click Tools > Device Repository, and then click Install. Locate and click the device profile

INVT_DA200_CANopen.eds to open it. At this time, DA200 CANopen device profile is added
successfully.
B cAnopen_test.project - Invtmatic Studio V3.0 V3.0.14---C:\Users\Administrator\Documents\CANopen _tes pr
Fle Edit View Project Build Online Debug Window  Help
B @&« P B 3" ¥ | Application [Device: PLC Logic] ~ ©§ & , w W[ 2z > | 9B
Devices > 3 X [5] PCPRG X
= {3 canopen_test - 1 _ PROGRAM E "
= (@ vevice M753) 5 Device Repository X
D Auto scan
%L, Fault diagnosis summary Location  System Repository ~| | EditLocations...
= B PLCLogic (C:\INVT\Invtmatic Studio V3.0.1.4\CODESYS\InvtmaticStudioRepository\Devices)
= £ Application
) Library Manager Installed Deyice Descriptions
= E Task Configuration 8 =
& EtherCAT Task Name Vendor  Version Uninstal
= & ManTask = [ Fiedbuses —
&) ric_rrG = € CANopen
7Y Verisble usage = € Remote Device
1) Version relation check [ joa200 Drive T Revision =16 200000104, FieVersior
S o FtherCAT Renew Device
B ™_Hso (Me+sto) Bef Ether Repository
P —Tily.
() EtherCAT (EtherCAT Master Softivotion) i Save
@ extCard (ScanModule) = @ T
‘3 SoftMotion General Axis Pool =~ L2 Servo Drives
[ DA200-N EtherCAT(CoE) Drive V265 INVT Revision= 16200000048
it INVT_DA200A_EtherCAT_1.0.1.0 INVT Revision=16#000000A8 Details...
< >
< >
S Devices [ Modues = 3
\E‘ Messages - Total 0 error(s), 0 warning(s), 1 message(s)

Step 3 Double-click ExtCard in the device tree and enter the Settings interface. There is no device option by
default. Select CANopen to automatically add CANbus and CANopen_Manager to the left device tree.

CANopen_test.project* - Invtmatic Studio V3.0 V3.0.1.4---C:\Users\Administrator\Documents\CANopen_test\CANopen_test.project

Fle Edit View Project Build

Online Debug Tools Window Help
aS-a" = o N B B - [T |#¥ | Application [Device: PLC Logic] ~ ©F »
Devices - 3 X [5] Pcrre (4] ExtCard x
=[5 CANopen_test A
- m Device (TM753) Bxt Card Config Please select the device type of Bxt Card
D Auto scan PCI-Bus IEC Objects O None
+, Fault diagnosis summary
=80 PLC Logic CPU Scan Parameters

=} Application
.ﬂ Library Manager
[8) PLc_PRG (PRG)
(8 Task Configuration
@ CANOpen_Task
& EtherCAT Task
=& MainTask
&) PLC_PRG
D Variable usage
D Version relation check
B ™_Hs10 (TM-+sI0)
tl—] EtherCAT (EtherCAT Master SoftMotion)
tﬁ ExtCard (ScanModule)

Status

Information

——— —————————

= ﬂj CANbus (CANbus)
\ﬂ CANopen_Manager (CANopen_Manager)
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Step4 Right-click CANopen_Manager in the device tree, select Add Device, and then select the CANopen
remote device and DA200 Drive. Click Add Device in the lower right corner to add DA200 CANopen

drive.

Eile Edit View Project Build Online Debug Ig—'-
jAdd Device

Hhed & 84 85 dh 05
Devices v 3 X
E J CANopen_test ~|
= (@ Device (M753)
;] Auto scan
A, Fault diagnosis summary
= B pLc Logic
= ) Application
) Liorary Manager
\E] PLC_PRG (PRG)
= (@ Task Configuration
& canOpen _Task
& EtherCAT_Task
= & MainTask
&) PLC_PRG
) Variable usage
1) Version relation check
B ™ _tsi0 (M+s10)
) EtherCAT (EtherCAT Master SoftMotion)
(@ extcard (scanModule)
= (@ canbus (CANbus)
ljj CANopen_Manager (CANopen_Manager) I
'3 “SoftMotion General Axis POl

e

< >

2 Devices [P Module:

[@ Messages -Tot

Action

@ Append device O Update device

[pa200 Vendor | <All vendors>

Name Vendor Version
= [ Fieldbuses
= Cifl CANopen
= €Il Remote Device

Revision=16#00000104, FileVersion=1.1

<

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

Description

JAINVT_DA200_CANopen_V2.60.edsh S A

@ mame:DA200 Drive
Vendor: INVT
Categories: Remote Device
Version: Revision=16200000104, FileVersion=1.1
Order Number: DA200
Description: AINVT_DA200_CANopen_V2.60,edsREA\

%

Append selected device as last child of
CANopen_Manager

©  (You can select another target node in the navigator while this window is open.)

Close

__Add Device

Step 5 On the “CANbus” overview interface, the baud rate configuration needs to be consistent with DA200
CANopen servo (DA200 P4.02); on the “DA200_Drive” overview interface, the node ID configuration
needs to be consistent with DA200 CANopen servo (DA200 P4.05).

Step 6 After completing the physical connection of the device, download the program and log in to the
device. Then, you can see that the CANopen connection to DA200 is successful.

#Note:

e If high real-time performance is required for data, the CAN bus load rate should be less than 30% to
avoid a small delay in data transmission and reception caused by bus contention.

e For CAN buses with synchronization requirements, the window length setting value in the bus

synchronization message should be slightly smaller than the cycle value.

SYMC

@ Enable SYNC producing

COBID (Hex) 162 (80 -
Cycle period {ps) &0000 =
‘Window length {ps) 53000 =

Enable SYMC consuming

o  The cycle time of the CANopen task should be slightly longer than the actual execution time of the task.

e To ensure that the master can monitor the slave normally, check the Heartbeat Enable option in the
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slave.

[ pA200_brive x

General

General
Foos Node > [t = CANopen
SDO0s (] Enable expert settings

() Enable SYNC producing

Log

4 Guarding
CANopen IfO Mapping

Enable nodeguarding @ Enable heartbeat producing

CANopen [EC Objects
Guard time (ms) Producer time {ms)  [200 EI
Stati ife ti
atus Life time factor J Heartbeat consuming (1f1 active)

Information

A4 Emergency (EMCY) ——— [+ TIME

Enable emergency (EMCY)

COB ID SNODEID +16+80

4 Checks at Startup

@ check vendor ID [O) check product number (] Check revision number

A.4 Example of Atomic Operation

Atomic operations are implemented by adding the corresponding library file and calling the library
functions.

Step1 Add the SysCpuHandling library.

File Edit View Project Libraries Build Online Debug Tools Window Help
BelE & oo Y BEX|(daGAaS N o9Mn S+ [3" | ¥ | Application [Device: PLC Logic] ~ @8 &% |, g A [[(Z9=2=-= & | B

Devices -~ 7 x i) Library Manager x|
=5 Atomic_Qperation_Test > [[|E4 Add Library | Delete Library | = Properties 2 Details | 5] Placeholders " Library Parameters... | ffif) Librar

=[] Device (TP2321-1015)

%, Fault diagnosis summary

Libraries ysedin application ‘Device.Application’

MName Namespace Effective V
=& pLC Logic
: #-|B) ssiikense = 3Slicense, 3.5.20.0 (CODESYS) _35_LICENSE
= u Application
s ﬁ an + @ BrealpointLogging = Breakpoint Logging Functions, 3.5.17.0 (35 - Smart Software Solution... BPLog

Tl Library Manager
Z] cored_POU (PRG)

Corel_POU (PRG)

CpuHandlin
Task Configuration P g
=-§2 Core0_Task (Cored_Group) Match Library
-] Cored_POU "|_@|5vs(pulhndﬁnd

o @ Corel_Task {Core1_Group)
‘8] core1_POU
& EtherCAT_ETH3 Task (ETH3 Tasks)
5 EtherCAT Task (IEC-Tasks)
= @ MainTask (IEC-Tasks)
“.{# PLC_PRG
Variable usage
- Wersion relation check
- TPBoo_HSIO (TP20acHSIO)
- [{J EtherCAT_ETH3 (EtherCAT Master SoftMotion)
-, SoftMotion General Axis Pool

o ] el |
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Step 2

Libraries usedin application 'Device. Application’

|E] standard = Standard, 3.5.18.0 (System)
+ Lﬂ SysCpuHandling = SysCpuHandling, 3.5.17.0 (System)

Mamespace Effective Version

Standard 3.5.18.0 o
SysCpuHandling 3.5.17.0

Contents of selected library 'SysCpuHandling, 3.5.17.0 (System)’'
=5 SysCouHandiing, 3.5.17.0 (System)
SysCpuAtomicAdd
SysCpuAtomicAdds4
SysCpuAtomicCompareAndSwap
SysCpuCallecFunc\WithParams
SysCpuResetBit
SysCpuResetBit2
SysCpuSetBit
SysCpuSetBit2
SysCpuTestAndReset
SysCpuTestAndSet
@ SysCpuTestAndSetBit

Details aboutselected library element 'SysCpustomicadd'
¥| =2 Inputs/Outputs Graphical @ Documentation

SysCpuAtomicAdd
—pivalue SysCpuitomicAddf—
—{nSum

—pResult

Select a function based on the data type.

When the same variable is operated on by tasks bound to different cores, atomic operations are
required to ensure that changes to the data are caused only by the current task and not by

operations from other tasks.

Core0_POU and Corel_POU run on separate cores.

Devices - 3 X Task Configuration »

=[] Atomic_Operation_Test
=-[i Device (TP2321-1018)
4, Fault diagnosis summary
= Eﬂ PLC Logic
=-{C} Application
@ v
m Library Manager
Cored_POU (PRG)
Core1_POU (PRG)
PLC_PRG (PRG)
= Task Configuration
= @ Core0_Task (Core0_Group)
48] Cored_poU
@ Corel_Task {Corel_Group)
& core1_POU
82 EtherCAT_ETH3 Task (ETH3_Tasks)
% EtherCAT Task (IEC-Tasks)
@ MainTask (IEC-Tasks)
8] pLC_PRE

|| TaskGroups Monitor Variable Usage System Events Properties
=k Add Group Remove Group

Group Name Core Priority
= IEC-Tasks 0
¢ EtherCAT_ Task #o
2 MainTask #1
=+ ETH3_Tasks 1
%8 EtherCAT_ETH3 Task &1
= Core0_Group e 0
g Coren_Task #£1
=- Corel_Group _.__'_____* 1
2 Corel_Task #1

The global variable gbval_sum is accessed simultaneously by tasks running on two different cores.
To ensure data reliability, use the atomic function SysCpuAtomicAdd64() to perform addition on

the operands.

Coe00U x

PROGRRM P
V2R
10:INT;
4 En0:BOOL;
‘sum : DINT,
END_VAR

sum0 i= GVL.gbval_sum;
END_IF

1cAAA64 (piValue: =RDR(GVL.gbval_sum) , nSum:= 1,

Core1_pou x

1 pROGRAM Corel_pOD
2 2

100% |81

IF Eal = 0 THEN

FOR 1l:=0 TO 999 BY 1 DO
pResult:= ADR(sumd)); 3 s TomicAdd64 (piValue :=ADR(GVL.gbval_sum) , nSum:= 1, pResult:= ADR(suml));

suml i= GVL.gbval_sum;
END_IF
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Appendix B SMC_ERROR Description

Error . N
Module ENUM Variable Description
Number
0 All function blocks |[SMC_NO_ERROR No error
. SMC_DI_GENERAL_COMMUNICAT |Communication error. For
1 Drivelnterface .
ION_ERROR example, sercos ring has broken
2 Drivelnterface SMC_DI_AXIS_ERROR AXis error
. Position output within the
10 Drivelnterface SMC_DI_SWLIMITS_EXCEEDED L
allowed range (SWLimit)
11 Drivelnterface SMC_DI_HWLIMITS_EXCEEDED |Hardware end switch is active.
. SMC_DI_HALT_OR_QUICKSTOP_ |Drive status Halt or Quickstop is
13 Drivelnterface
NOT_SUPPORTED not supported.
14 Drivelnterface SMC_DI_VOLTAGE_DISABLED The drive is not enabled.
Current position given from the
. SMC_DI_IRREGULAR_ACTPOSITI . .
15 Drivelnterface ON drive seems to be irregular. Check
the communication
Position lag error. Difference
16 Drivelnterface  |SMC_DI_POSITIONLAGERROR between set and current position
exceeds the given limit
All motion .
. . |SMC_REGULATOR_OR_START_NO|The controller is not enabled or
20 generating function T_SET the brake is applied
blocks - PP
Axis in wrong SMC_WRONG_CONTROLLER_MO L.
21 Axis in wrong control mode
controller mode |DE
The module created by motion
. SMC_FB_WASNT_CALLED_DURIN .
30 Drivelnterface control is not called before the
G_MOTION ..
motion is completed
. The given AXIS_REF variable is not
31 All function blocks [SMC_AXIS_IS_NO_AXIS_REF
of the type AXIS_REF
. AXIS_REF variables have been
Axis in wrong SMC_AXIS_REF_CHANGED_DURI . .
32 changed while the modules being
controller mode |[NG_OPERATION .
activated
The axis is not activated while
33 Drivelnterface SMC_FB_ACTIVE_AXIS_DIABLED |moving
(MC_Power.bRegulatorOn)
All motion s
. . SMC_AXIS_NOT_READY_FOR_MO |Axis in its current state cannot
34 generating function L .
TION execute a motion instruction
blocks
. . SMC_VD_MAX_VELOCITY_EXCEED |Maximum velocity (fMaxVelocity)
40 VirtualDrive
ED exceeded
. . SMC_VD_MAX_ACCELERATION_E [Maximum acceleration
41 VirtualDrive .
XCEEDED (fMaxAcceleration) exceeded
. . SMC_VD_MAX_DECELERATION_E |Maximum deceleration
42 VirtualDrive .
XCEEDED (fMaxDeceleration) exceeded
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Error . efl
Module ENUM Variable Description
Number
. SMC_3SH_INVALID_VELACC_VAL |Invalid velocity or acceleration
50 SMC_Homing
UES values
. SMC_3SH_MODE_NEEDS_HWLIMI|Mode requests use of limit
51 SMC_Homing .
switches for safety reasons
SMC_SetControllerM
70 ode SMC_SCM_NOT_SUPPORTED Mode not supported
1 SMC_SetControllerM|SMC_SCM_AXIS_IN_WRONG_STA |The controller mode cannot be
ode TE changed in the current state
SMC_ST_WRONG_CONTROLLER_ |The axis is under the wrong
75 SMC_SetTorque
MODE controller mode
80 SMC_ResetAxisGrou |[SMC_RAG_ERROR_DURING_STAR |Error occurs when the axis group
p TUP is activated
SMC_ChangeGearin .
90 - SMC_CGR_ZERO_VALUES Invalid values
gRatio
. The gear ratio parameters of the
SMC_ChangeGearin . . .
91 Ratio SMC_CGR_DRIVE_POWERED drive cannot be modified when it
i
g is under control
SMC_ChangeGearin . .. .
92 gRatio SMC_CGR_INVALID_POSPERIOD |Invalid position period (< 0)
i
Axis contains no information in
110 MC_Power SMC_P_FTASKCYCLE_EMPTY
the scan cycle (fTaskCycle=0)
120 MC_Reset SMC_R_NO_ERROR_TO_RESET |Axis reset without error
121 MC_Reset SMC_R_DRIVE_DOESNT_ANSWER |Axis does not perform error-reset
SMC_R_ERROR_NOT_RESETTABL
122 MC_Reset £ Error could not be reset
SMC_R_DRIVE_DOESNT_ANSWER |Communication with the axis did
123 MC_Reset
_IN_TIME not work
MC_ReadParameter,
130 MC_ReadBoolParam [SMC_RP_PARAM_UNKNOWN Parameter number unknown
eter
Error during parameter
MC_ReadParameter, transmission to the drive. See
131 MC_ReadBoolParam |SMC_RP_REQUESTING_ERROR |error number in the Programming
eter Manual ReadDriveParameter
(SM_DriveBasic.lib)
MC_WriteParameter,
. Parameter number unknown or
140 MC_WriteBoolParam|SMC_WP_PARAM_INVALID .
writing not allowed
eter
. See error number in the
MC_WriteParameter, .
. Programming Manual
141 MC_WriteBoolParam|SMC_WP_SENDING_ERROR . .
WriteDriveParameter
eter . -
(Drive_Basic.lib)
SMC_H_AXIS_WASNT_STANDSTIL |Axis has not been in standstill
170 MC_Home
L state
SMC_H_AXIS_DIDNT_START_HO . .
171 MC_Home Error at start of homing action
MING
172 MC_Home SMC_H_AXIS_DIDNT_ANSWER Communication error
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Error . efl
Module ENUM Variable Description
Number
SMC_H_ERROR_WHEN_STOPPIN |Error at stop after homing. Check
173 MC_Home .
G whether deceleration is set
SMC_MS_UNKNOWN_STOPPING_
180 MC_Stop Unknown error at stop
ERROR
SMC_MS_INVALID_ACCDEC_VALU |Invalid velocity or acceleration
181 MC_Stop
ES values
SMC_MS_DIRECTION_NOT_APPLI| . . .
182 MC_Stop Direction=shortest not applicable
CABLE
Drive is in errorstop status. Stop
183 MC_Stop SMC_MS_AXIS_IN_ERRORSTOP
cannot be executed
SMC_BLOCKING_MC_STOP_WAS |An instance of MC_Stop with
184 MC_Stop .
NT_CALLED multiple calls
SMC_MA_INVALID_VELACC_VALU |Invalid velocity or acceleration
201 MC_MoveAbsolute
ES values
202 MC_MoveAbsolute [SMC_MA_INVALID_DIRECTION Direction error
i SMC_MR_INVALID_VELACC_VALU |Invalid velocity or acceleration
226 MC_MoveRelative
ES values
227 MC_MoveRelative |[SMC_MR_INVALID_DIRECTION Direction error
. SMC_MAD_INVALID_VELACC_VAL |Invalid velocity or acceleration
251 MC_MoveAdditive
UES values
252 MC_MoveAdditive |SMC_MAD_INVALID_DIRECTION |Direction error
76 MC_MoveSuperimpo|SMC_MSI_INVALID_VELACC_VALU |Invalid velocity or acceleration
sed ES values
MC_M |
277 ¢ ovzizper mpo SMC_MSI_INVALID_DIRECTION Direction error
. SMC_MV_INVALID_ACCDEC_VALU |Invalid velocity or acceleration
301 MC_MoveVelocity
ES values
. SMC_MV_DIRECTION_NOT_APPLI |Direction=shortest/fastest not
302 MC_MoveVelocity .
CABLE applicable
325 MC_PositionProfile |SMC_PP_ARRAYSIZE Erroneous array size
326 MC_PositionProfile |[SMC_PP_STEPOMS Step time = t#0ms
350 MC_VelocityProfile |SMC_VP_ARRAYSIZE Erroneous array size
351 MC_VelocityProfile |SMC_VP_STEPOMS Step time = t#0ms
MC_AccelerationProf .
375 ile SMC_AP_ARRAYSIZE Erroneous array size
i
MC_AccelerationProf .
376 ile SMC_AP_STEPOMS Step time = t#0ms
i
400 MC_TouchProbe |SMC_TP_TRIGGEROCCUPIED Trigger already active
SMC_TP_COULDNT_SET_WINDO |Drive interface does not support
401 MC_TouchProbe . .
the window function
402 MC_TouchProbe |SMC_TP_COMM_ERROR Communication error
410 MC_AbortTrigger |SMC_AT_TRIGGERNOTOCCUPIED |Trigger already de-allocated
426 SMC_MoveContinuo |[SMC_MCR_INVALID_VELACC_VAL [Invalid velocity or acceleration
usRelative UES values
SMC_MoveConti
427 —MOVELOMtNUO oy - MCR_INVALID_DIRECTION  |Direction error
usRelative
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Error . efl
Module ENUM Variable Description
Number
451 SMC_MoveContinuo [SMC_MCA_INVALID_VELACC_VAL [Invalid velocity or acceleration
usAbsolute UES values
MC_M i
452 SMC_MoveContinuo SMC_MCA_INVALID_DIRECTION |Direction error
usAbsolute
SMC_MoveContinuo [SMC_MCA_DIRECTION_NOT_APP | _. . .
453 Direction=fastest not applicable
usAbsolute LICABLE
600 SMC_CamRegister |SMC_CR_NO_TAPPETS_IN_CAM |Cam does not contain any tappets
Tappet group ID exceeds
601 | SMC_CamRegister |SMC_CR_TOO_MANY_TAPPETS | _PPet8roup s ex
MAX_NUM_TAPPETS
. SMC_CR_MORE_THAN_32_ACCES|More than 32 accesses in one
602 SMC_CamRegister
SES CAM_REF
625 MC_CamlIN SMC_CI_NO_CAM_SELECTED No cam selected
SMC_CI_MASTER_OUT_OF_SCAL . .
626 MC_CamlIN E Master axis out of valid range
Velocity and acceleration values
SMC_CI_RAMPIN_NEEDS_VELACC g .
627 MC_CamiN must be specified for ramp_in
_VALUES .
function
Scaling variables
628 MC_CamlIN SMC_CI_SCALING_INCORRECT fEditor/TableMasterMin/Max are
not correct
SMC_CAMBounds, . .
Function block for the given cam
640 SMC_CamBounds_P |[SMC_CB_NOT_IMPLEMENTED X .
os format is not implemented
675 MC_Gearln SMC_GI_RATIO_DENOM RatioDenominator=0
676 MC_Gearln SMC_GI_INVALID_ACC Acceleration invalid
677 MC_Gearln SMC_GI_INVALID_DEC Deceleration invalid
Velocity and
725 MC_Phase SMC_PH_INVALID_VELACCDEC acceleration/deceleration values
invalid
Rotation axis with fPositionPeriod
726 MC_Phase SMC_PH_ROTARYAXIS_PERIODO | 0
All modules using . .
Type of given cam is not
750 MC_CAM_REFas |SMC_NO_CAM_REF_TYPE
. MC_CAM_REF
input
M i E
SMC_CAM_TABLE_DOES_NOT C aster axis area. (xStart and xEnd)
751 MC_CamTableSelect from CamTable is not covered by
OVER_MASTER_SCALE
curve data
During coupling of slave axis,
SMC_GIP_MASTER_DIRECTION_C . . .
775 MC_GearlnPos master axis has changed direction
HANGE .
of rotation
SMC_BacklashComp Gear backlash fBacklash too large
800 . SMC_BC_BL_TOO_BIG . .
ensation (> position period/2)
CNC function blocks
which are . .
1000 . SMC_NO_LICENSE Target is not licensed for CNC
supervising the
licensing
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Error . efl
Module ENUM Variable Description
Number
Path tb d
1001 | SMC_Interpolator |SMC_INT_VEL_ZERO ath cannot be processe
because set velocity =0
1002 SMC_Interpolator |SMC_INT_NO_STOP_AT_END Last object of path has Vel_End>0
Warning: GEOINFO List processed
in Dataln but end of list not
reached
1003 SMC_lInterpolator |SMC_INT_DATA_UNDERRUN Reason: EndOfList of the queue in
Dataln not be set or
SMC_Interpolator faster than path
generating function blocks
SMC_INT_VEL_NONZERO_AT_ST .
1004 SMC_lInterpolator op Velocity at Stop >0
SMC_INT_TOO_MANY_RECURSIO |Too many SMC_lInterpolator
1005 SMC_Interpolator . .
NS recursions. SoftMotion error
Input-OutQueueDataln is not the
1006 SMC_Interpolator |[SMC_INT_NO_CHECKVELOCITIES |last processed function block of
SMC_CHeckVelocities
1007 SMC_lInterpolator |SMC_INT_PATH_EXCEEDED Internal/numeric error
Velocity and lerati
1008 | SMC_Interpolator |SMC_INT VEL_ACC_DEC_ZERQ | clocity and acceleration/
deceleration is null or too low
1009 SMC_lInterpolator |SMC_INT_DWIPOTIME_ZERO FB called with dwlpoTime =0
SMC_Interpolator2D |[SMC_INT2DIR_BUFFER_TOO_SM
1050 . Data buffer too small
ir ALL
1051 SMC_lInterpolator2D |SMC_INT2DIR_PATH_FITS_NOT_I |Path does not go completely in
ir N_QUEUE queue
. Velocity and
SMC_CheckVelocitie|SMC_CV_ACC_DEC_VEL_NONPOS . .
1100 acceleration/deceleration values
S ITIVE ..
non-positive
Values of fGapVelocit
SMC_Controlaxisbyp|SMC_CA_INVALID_ACCDEC_VALU ! p. ity /
1120 os ES fGapAcceleration /
fGapDeceleration non-positive
1200 SMC_NCDecoder |SMC_DEC_ACC_TOO_LITTLE Acceleration value not allowed
1201 SMC_NCDecoder |SMC_DEC_RET_TOO_LITTLE Deceleration value not allowed
SMC_DEC_OUTQUEUE_RAN_EMP |Data underrun. Queue has been
1202 SMC_NCDecoder .
TY read and is empty
SMC_DEC_JUMP_TO_UNKNOWN |Jump to line cannot be executed
1203 SMC_NCDecoder . .
_LINE because line number is unknown
1204 SMC_NCDecoder |SMC_DEC_INVALID_SYNTAX Syntax invalid
SMC_DEC_3DMODE_OBJECT_NO |Objects are not supported in 3D
1205 SMC_NCDecoder
T_SUPPORTED mode
1300 SMC_GCodeViewer |SMC_GCV_BUFFER_TOO_SMALL |Buffer too small
SMC_GCV_BUFFER_WRONG_TYP
1301 | SMC_GCodeViewer £ - T - - Buffer elements have wrong types
. Current line of the Interpolator
1302 SMC_GCodeViewer |SMC_GCV_UNKNOWN_IPO_LINE
could not be found
All function blocks Given CNC program is not of the
1500 . SMC_NO_CNC_REF_TYPE
using SMC_CNC_REF SMC_CNC_REF type
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Error . efl
Module ENUM Variable Description
Number
All function blocks
. Given OutQueue is not of the
1501 using SMC_NO_OUTQUEUE_TYPE
SMC_OUTQUEUE type
SMC_OUTQUEUE
. SMC_3D_MODE_NOT_SUPPORTE |Function block only works with 2D
1600 |CNC function blocks
D paths
2000 SMC_ReadNCFile |[SMC_RNCF_FILE_DOESNT_EXIST |File does not exist
2001 SMC_ReadNCFile |SMC_RNCF_NO_BUFFER No buffer allocated
2002 SMC_ReadNCFile [SMC_RNCF_BUFFER_TOO_SMALL |Buffer too small
. Data underrun. Buffer has been
2003 SMC_ReadNCFile |SMC_RNCF_DATA_UNDERRUN .
read and is empty
. SMC_RNCF_VAR_COULDNT_BE_R|Placeholder variable could not be
2004 SMC_ReadNCFile
EPLACED replaced
) Input pvl does not pointto a
2005 SMC_ReadNCFile |[SMC_RNCF_NOT_VARLIST .
SMC_VARLIST object
2050 |SMC_ReadNCQueue [SMC_RNCQ_FILE_DOESNT_EXIST |File could not be opened
2051 | SMC_ReadNCQueue [SMC_RNCQ_NO_BUFFER No buffer defined
SMC_RNCQ_BUFFER_TOO_SMAL
2052 |SMC_ReadNCQueue L Buffer too small
2053 | SMC_ReadNCQueue |[SMC_RNCQ_UNEXPECTED_EOF |Unexpected end of file
SMC_AxisDiagnostic [SMC_ADL_FILE_CANNOT_BE_OP | .
2100 File could not be opened
Log ENED
. . Buffer overrun.
SMC_AxisDiagnostic . .
2101 Lo SMC_ADL_BUFFER_OVERRUN WriteToFile must be called more
& frequently
2200 SMC_ReadCAM  |SMC_RCAM_FILE_DOESNT_EXIST |File could not be opened
2201 SMC_ReadCAM  |SMC_RCAM_TOO_MUCH_DATA |Saved cam too big
SMC_RCAM_WRONG_COMPILE_T o
2202 SMC_ReadCAM YPE Wrong compilation mode
2203 SMC_ReadCAM  |SMC_RCAM_WRONG_VERSION  |Wrong file version
2204 SMC_ReadCAM  |SMC_RCAM_UNEXPECTED_EOF |Unexpected end of file
3001 SMC_WriteDrivePara|SMC_WDPF_CHANNEL_OCCUPIE [SMC_WDPF_TIMEOUT_PREPARIN
msToFile D G_LIST
SMC_WriteDrivePara|SMC_WDPF_CANNOT_CREATE_FI | .
3002 . File could not be created
msToFile LE
SMC_WriteDrivePara|SMC_WDPF_ERROR_WHEN_READ .
3003 . Error at reading the parameters
msToFile ING_PARAMS
3004 SMC_WriteDrivePara|SMC_WDPF_TIMEOUT_PREPARIN |Timeout during preparing the
msToFile G_LIST parameter list
Nominator of the conversion
5000 SMC_Encoder SMC_ENC_DENOM_ZERO factor dwRatioTechUnitsDenom of
the Encoder reference is 0
Other module trying to process
5001 SMC_Encoder SMC_ENC_AXISUSEDBYOTHERFB . .
motion on the Encoder axis
SMC_ENC_FILTER_DEPTH_INVALI
5002 Drivelnterface b - T - - Filter depth invalid
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