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Preface

Overview

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

This manual contains the information necessary for using the medium and large-scale 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
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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 TP6000, 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 TP6000 series is based on the X86 architecture and EtherCAT bus technology, and meets the needs of
high-standard on-site control systems with extremely high performance and rich interfaces and functions.
The dual EtherCAT interfaces can realize multi-tasking and ring network control, thereby bringing more
reliable solutions. It is widely used in various high-speed, high-precision, and high-response devices and
medium and large-scale production lines.

1.1.2 Product Specifications

Model | TM750 | TM751 | TM752 | TM753 [TP6210-1201|TP6211-2201/TP6214-2201
Rated working
DC24V (-15%—+20%)
voltage
Memory
Program
. 20 MB 256 MB
capacity
Data capacity 64 MB 256 MB
Data capacity in
power failure 1MB 5MB
retention mode
Max. capacity of
expanded SD 32G -
card
1/0
Number of local 16 )
10 modules
High-speed 4 grou.ps c.)f high-speed  counters, 2 groups of phase AB or 1 group of ABZ
input supporting single ph.ase,. phase A/B, differential input
CW/CCW, and pulse+direction, of which

202409 (V1.0) 1
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Model | TM750 | TM751 | TM752 | TM753 |TP6210-1201|TP6211-2201|TP6214-2201
phase A/B supports 1x, 2x, and 4x
frequencies.

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

High-speed
output

Support for I/O
interruption

PWM output |4-channel PWM output -
Communication Network and Interface

x2, RJ45, 100Base-TX
Ethernet Support for PLC software download, Modbus TCP, TCP// IP, OPC UA protocol, and

8-channel high-speed interruption -

EtherNet IP
x 2, RJ45,
support for
dual masters,
. x 2, RJ45, 100Base-TX,
x1, RJ45, 100Base-TX, distance between| 100Base-TX,
EtherCAT distance  between two| .
two slaves < 100 m distance
slaves < 100 m
between two
slaves <
100 m
Serial
communication |x2, Modbus RTU master/slave, plug-in terminal
(RS485)
x1, Type-C, PC communication, program .
USB yp ) Prog x4, USB 3.0, file copy
download and debugging
Memory card |x1, Micro SD, for upgrading applications X X X
Communication .
. CANopen, 4G, Wi-Fi X X X
expansion
Motion Control
Maximum
number of 4 8 16 32 64 128 256
controlled axes

Point-to-point motion, interpolation motion (straight line, circular arc, etc.),

Motion control . . . . .
electronic gear, electronic cam (flying shear, tracking shear, etc.), axis group, CNC,

functions
etc.

Configuration Programming

Programming

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

1.1.3 Product Configuration and Module Description

The TM700 series's CPU can be directly connected to the Flex series I/O modules, or expanded to the Flex
series I/0 modules through a communication coupler, as shown in the figure below.

202409 (V1.0) 2
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Figure 1-1 System Integration Diagram 1

The TP6000 series’s CPU cannot be directly connected to the Flex series I/O modules. It can only be
expanded to the Flex series 1/0 modules through a communication coupler, as shown in the figure below.

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

« Install the CPU and required expansion modules.

1 )
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.

+ 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 by the following ways:

1.

2.

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

Obtain software installation CDs from INVT distributors at all levels.

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

Memory: 2 GB or higher

Available hardware space: 5 GB or higher

Installation requirements:

s

<
<&
<

Use an administrator account
Turn off the antivirus software
Disable the encryption system

Do not use Chinese paths

202409 (V1.0)
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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 1-3 Version Information Display Interface

About 4

i

Invtmatic Studio

1.3.54

Copyright © 2002~2022 by INVT company. 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
(taking V1.3.5 as an example).

Step2 Theinstallation starts. See the following figure.
Figure 1-4 Installation Preparation interface

Imvtmatic Studio ¥1.3.5.1 - InstallShield Wizard

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

Invitmatic Studio V1.3.5. 1 Setup is preparing the Installshield
=

Extracting: Invtmatic Studio Setup 64 v1.3.5. 1.msi

Cancel

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

202409 (V1.0) 5
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Figure 1-5 Installation Wizard Interface

ﬂ 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 Mext.

WARNMING: 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 1-6 License Agreement Interface

#2 Invtmatic Studio V1.3.5.1 - InstallShield Wizard
License Agreement

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.

(®1 accept the terms in the license agreement | Print
(O 1do not accept the terms in the license agreement

Qpen Source Licenses

e

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

InstaliShield

#Note: The software installation path cannot be in Chinese.

202409 (V1.0)
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Figure 1-7 Installation Path Confirmation

ﬁ Invtmatic Studio ¥1.3.5.1 - InstallShield Wizard

Destination Folder
Click Next 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\Invtmatic Studio,

InstallShield

sk [ tws || conce

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 1-8 Installation Mode Selection Interface

ﬁ nwimatic Studio V1.3.5.1 - InstallShield Wizard X
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

ok [ o> || conce
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Step 7 When the following interface appears, click Install.

Figure 1-9 Installation Preparation Interface

ﬁ Invtmatic Studio W1.3.5.1 - InstallShield Wizard

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.

InstallShield

< Back Install Cancel

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

Figure 1-10 Installation Progress Interface

# Invtmatic Studio V1.3.5.1 - InstallShield Wizard —

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

Please wait while the InstallShield Wizard installs Invtmatic Studio V1.3.5. 1.
This may take several minutes.

Status:
Copying new files

InstallShield

202409 (V1.0) 8
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Figure 1-11 Installation Complete Interface

ﬁ Invtmatic Studio V1.3.5.1 - InstallShield Wizard x

InstallShield Wizard Completed

The Installshield Wizard has successfully installed Invimatic
Studio V1.3.5, 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 1-12 Hardware Connection between an Upper Computer and the TM700 Series PLC

2. Type-C

1. Network cable

ANSEEEEEEEREEEEWmE <7
A S N N 5 6N N i . . . . . . .-
A .- W

-

The hardware connection between an upper computer and the TP6000 series PLC can only be realized
through a LAN network cable.
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Figure 1-13 Hardware Connection between an Upper Computer and the TP6000 Series PLC

Network cable

| [ L 1 [ 1 1 |
A [ L L I 1 1] A
AN N .

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. Please make sure the network cable is connected 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 1-14 PC and TM700 Communication Configuration Using a LAN Network Cable

Organize = Disable this network device Diagnose this cennection Rename this connection Change settings of this connectio
:. Bluetooth Network Connection :. Ethernet L-'. Ethernet 2
N Mot connected == Metwork cable unplugged o= Unidentified network
x B Bluetooth Device (Personal Area .. 38 = Intel(R) Ethernet Connection (13] ... @0 USB Ethernet/RNDIS Gadget
@ Ethernet Prope w0 m™ | Fthermetll
I o Internet Protocol Version 4 (TCP/IPv4) Properties =
Networking  Sharing
General

Connect using:
‘fou 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.

? Intel(R) Ethemet Connection (13) 1215V

Configure...
This connection uses the following tems: () Obtain an IP address automatically
E3Cliert for Microsoft Networks ~ (@) Use the following IP address:
’:? File and Printer Sharing for Microsoft Networks IP address: 192 .168 . 1 . 40
’:?\ﬁrtualBox MDI5& Bridged MNetwarking Driver
8 Npcap Packet Driver (NPCAP) Subnet magk: 255 ,255 .255 . 0
[ Ba ke edule

Obtain DNS server address automatically

_g_ Intemet Protocol Version 4 (TCP/IPv4)
| 1. Microsoft Network Adapter Muttiplexor Protocol W
£ >

(@) Use the following DNS server addresses:

Install... Uninstall Properties Preferred DNS server: I:I

Description

Alternate DNS server: I:l
Transmission Contral Protocol/Intemet Protocol. The default

wide area network protocol that provides communication
across diverse interconnected networks.

[ validate settings upon exit T e

0K 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:

Here we take the USB driver file of kindle_rndis.inf_amd64 as an example.

Step 1 Right-click the file "RNDIS_Windows_Driver.cab" and unzip it.

|| RNDIS_Windows_Driver.cab 7/I5/20174 10:01 ARA Cahinet File KB
Open
Open in new window
B Share with Skype
% Open archive
Pin to Start Open archive
& Share Extract files...
3 Scan with OfficeScan Extract Here
Open with... I Extract to "RNDIS_Windows_Driver\" |
[ Test archive
Step 2 When the following interface appears, press any key.
Tl Sort = View
Name . Date modified Type Size
=4 mdis.cat 3/12/201010:39 PM Security Catalog TKB
D RNDIS.inf 2/3/2010 1:42 AM INF File 4KB

Step 3 Connect the computer and the PLC with a USB cable: Open Device Manager, select Ports >
USB serial device, and right-click Update driver.

Step4 Click Browse my computer for drivers and select the driver folder.

i Audio inputs and outputs
5 Batteries

0 Eluetooth

@® Cameras

[ Computer

- Disk drives

L& Display adapters

i Firmware

@ Mice and other peinting devices
[ Menitors

@ Network adapters

E? Other devices

& Ports (COM & LPT)

ﬁ Standard Serial over Bluetooth link (COM3)

ﬁ Standard Serial over Bluetooth link (COM4)

W USB Serial Device (COM25)
= Print queues Update driver
[ Processors Disable device
07 Security devices Uninstall device
[ Sensers

@ SIMATIC MET Scan for hardware changes
B Software components
B Software devices

i Sound, video and game controllers
S Storage controllers

E3 System devices

§ Universal Serial Bus controllers

i USE Cennector Managers

Properties

202409 (V1.0)
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X

! Update Drivers - USB 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:

| tmatic Studio\CODESYS\Commeon\Drivers\RMNDIS_Windows_Driver -~ Browse...

8 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

Step5 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/RMNDIS Gadget

Close
|
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® Configure the USB network port

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

A Device Manager

File Action View Help

e mEH B & B EXE

o

X

~ o 0108252-xbx
> U] Audicinputs and outputs
> U] Audio Processing Objects (APOs)
> 43 Batteries
> ) Bluetooth
> @ Cameras
> 3 Computer
5w Disk drives
> @ Display adapters
> 3 Firmware
> ) Human Interface Devices
=@ IDE ATA/ATAP| controllers
7 Jungo Connectivity
E= Keyboards
(B Mice and other pointing devices
> [ Monitors
~ [ Network adapters
I Bluetooth Device (Personal Area Network) £2
I Intel(R) Wi-Fi 6 AX201 160MHz
I Realtek PCle GbE Family Controller
[P Realtek USB FE Family Controller
[ Sangfor aTrust VNIC
[ VMweare Virtual Ethernet Adapter for VMnet1
I VMware Virtual Ethernet Adapter for VMnet8
I WAN Mininort (IKFu21

>
>
>
>

Step 1l Right-click the Ethernet.

i Settings

M Home

Find a setting »~ l

Network & Internet

B Status

% Wi-Fi
o]

% Dial-up

°® VPN

2 Airplane mode

) Mobile hotspot

@ Proxy

Ethernet

Unidentified network
No Internet

Ethernet
Not connected

202409 (V1.0)
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Step 2 Click Change adapter options.

Related settings

Change adapter options

Change advanced sharing options
MNetwork and Sharing Center

Windows Firewall

@ Gethelp

& Give feedback

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

~ Ethernet 2 -~ Ethernet 3
E"f Unidentified network l-'.':: Disabled
7 USB Ethernet/RNDIS Gadget @ VirtualBox Host-Only Ether
) Disable

Status

Diagnose

Bridge Connections

Create Shortcut
Delete

Rename

dea @

Properties

Step4 Check Internet Protocol Version 4 and click Properties to set the IP address.
[ Ethernet 2 Properties >

Networking  Sharing

Connect using:

P USB Ethemet/RNDIS Gadget

This connection uses the following items:

& Cliert for Microsaft Networks ~
’:? File and Printer Sharing for Microsoft Networks

A3 virtualBox NDIS6 Bridged Networking Driver

A3 Npcap Packet Driver (NPCAF)
#3005 Packet Scheduler

M Intemet Protocol Version 4 (TCP/IPv4)

O & Microsoft Network Adapter Multiplexor Protocaol W
£ >

Install... Uninstall Properties
Description

Transmission Control Protocol/Intemet Protocol. The default
wide area network protocel that provides communication
across diverse interconnected networks.

oK Cancel
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Step 5 Setthe 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
LQ Network cable unplugged -L-\,g Unidentified network n.“ * _ Disabled
Personal Area ... 3@ e Intel(R) Ethernet Connection (13] ... @2 USB Ethernet/RNDIS Gadget @7 VirtualBox Host-Or
1 W Ethernet 2 Properties X | Internet Protocol Version 4 (TCP/IPv4) Properties ®
| Networking | Sharing General

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

oo (C) Obtain an IP address automatically
This connection uses the following tems: .
Use the following IP address:
?Client for Microsoft Networks -~ dd
’IE File and Printer Sharing for Microsoft Networks [P address: 192 188 . 3 . 50

IE\-"lrtuaIBox NDISE Bridged Metworking Driver
3 Npcap Packet Driver (NPCAP)

#3008 Facket Scheduler Default gateway: L.

o Intemet Protocol Version 4 (TCP/IPv4) |

Subnet mask: 255 255 .255 . 0|

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

Install Uninstall Properties Preferred DNS server: l:l
Description Alternate DNS server: I:I

Transmission Control Protocal/Intemet Protocal. The default
wide area network protocol that provides communication

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

= o Cancel

1.3.2 PC and TP6000 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 TM700
series is as follows: Ethernetl: 192.168.1.10; Ethernet2: 192.168.2.10, both having program debugging and
downloading functions. Please make sure the network cable is connected 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 TP6000 Communication Configuration Using a LAN Network Cable

Fl

H — Bluetooth Metwork Connection — Ethernet - Ethernet 3

1 'L\,. Not connected ;\,5 Unidentified netwerk l!" - Disabled

1 x Bluetooth Device (Personal Area ... = Intel(R) Ethernet Connectien (13) ... W VirtualBox Host-Only Ethernet Ad...
@ Ethernet Properties 2| Internet Protocol Version 4 (TCP/IPvd) Properties *
Networking  Sharing General

Connect using: ‘You can get IP settings assigned automatically if your network supports

y . this capability. Otherwise, you need to ask your network administrator
5 Intel(R) Ethemet Connection (13) 1215V e i o actinas, v
|

Configure... (_) Obtain an IP address automatically

(®) Use the following IP address:

This connection uses the following items

] B i
= Client for Microsoft Networks ~ 1P address: 192 163 . 1 .40
]? File and Printer Sharing for Microsoft Networks

E ’:]?VlrtualBox NDISE Bridged Metworking Driver Subnet mask:

i TBNpcap Packet Driver (NPCAP)

)]:EQUS Packet Scheduler g ¥
. Intemet Protocol Version 4 (TCP/IPv4) : :
O 2. Microsoft Network Adapter Multiplexor Protocol " Obtain DNS server address automatically

< > (®) Use the following DNS server addresses:

Install... Uninstall Properties Preferred DNS server:

Description Alternate DNS server: I:I
Transmission Cortrol Protocol/Intemet Protocol. The defaul
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 V1.3.5 as an example, start the programming environment in the following steps:

Step 1 Double-click the software icon of Invtmatic Studio B. The programming environment is as follows:

Invtmatic Studio V1.3.54 - O X
| File Edit View Project Build Online Debug Tools Window Help ) 8
BEEI& oo $BRBRX(AGMSIN AN E(E- T B ) aN[[2=2=23 > K
|
POUS ~ 2 x| [ startPage x| - [Propertes v 7 x
= S Invtmatic Studio V1.3.5.1 e
»% Sortby ~
%) sortorder ~
Basic operations Latest news Property \
12 NewProject... =
& o IRy =
(@ open Project from PLC... -
Recent projects < §ﬁﬂ§‘75m§lﬁ
— S
@ Untitieds <
@ Untitled3 b
(@ Demo_MoveLink T L—
& MigErLC o e
@& Untitled7 SE
8 Closepage sterprojctiond 0] ® 0 B2 E
@ show page on startup BER PR BAAE HERE HETE h P D
ZoowDros]| 1O SRR
[@ Messages - Total 0 eror(s), 0 waming(s), 0 message(s)
| Lastbuid: @ 0 ® 0 Precomple /' Project user: (nobody) Q

Step 2 Inthetool bar, select Tools > Device Repository to add a device profile.

#Note: Invtmatic Studio V1.3.5 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

= (m] X
File Edit View Project Build Online Debug | Tools | Window Help b o
B E(& o o 4 B @ X |44 MO PackageManager. ¥ ) mN|(E=c==3 |> M| = |2
| Invtmatic Studio Tool
POUS ~ 2 x| [ startPage x @ Library Repository... - |[ropertes ~ & x
¥, E Device Repository...  Filter ~
&) Visual Element Repository ¥$ Sortby ~
, ) &) Visualization Style Repository... %\ sortorder ~
Basic operations B icenseRepository.. it news Property \
5] NewProject! ]  License Manager... o
& Open Projec| Scripting
(@ open Projec
Customize...
: Options...
Recent projects 3 .
Import and Export Options...
= ™753 Device Reader..
& Untitleds
& Untitled3
& Demo_MoveLink
& MisErLC =
Description
& Untitled7
@ Close page after project load
v | = -

@ show page on startup 3 ‘p,)@ Vistiz:
= | Cross Reference List v & ox
32 Devices | [ Pous - = - i
[é Messages - Total 0 eror(s), 0 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\D evices)
| Installed device descriptions
String for a fulltext search Vendor:  zal vendorss w
Name Vendor  Version Description

+ m Miscellaneous
+ m Fieldbuses

+ E HMI devices
+- [ rcs

+ ? SoftMation drives

Edit Locations...

Install...

X

Close

| LN

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 1 > Desktop > phy > EtherCAT > xml ~
Organize »  New folder
A Name Date modified Type
ome
) Gol @ 64,0000 1002_2.5.17.0.devdesc.xml Microsoft Edge H...
allery
@ 64,0000 1002_4.4.00.devdescaml Microsoft Edge H...
@ 64,0000 1002_4.5.00.devdescaml Microsoft Edge H...
Desktol
- i @ 54.0000 1002_4.6.1.0.devdescaml Microsoft Edge H...
< Downloads

= Decuments

Pictures

& Music

3 Videos
TiEses

File name:

Search xml

4DKE

43KE

44KE

44KE

Il
4

v‘ Device description files (".devd: ~ ‘

Cancel

#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, template, name, and

storage directory, as shown in the following figure.

Mew Project *
=] )

Categories Templates
| Libraries . e . -
-3 O F BEd B

Empty project  HMI project Standard Standard
project project w...

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

Name Untitleds

Location |C:\JJsers'nAdminist’ab:ur'nDncuments V|

Click OK. On the standard project setting interface that appears, select the device type and programming
language.

Standard Project x

You are about to create a new standard project. This wizard will create the following
objects within this project:

5

- One programmable device as spedfied below

- A program PLC_PRG in the language specified below

- A cyclic task which calls PLC_PRG

- & reference to the newest version of the Standard library currently installed.

Device TM753 (INVT) bl

PLC_PRGin  Structured Text (ST) ~

After completing the above operations, go to the configuration and programming interface of Invtmatic
Studio, double-click PLC_PRG(PRG) to write programs.
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Untitled9.project” - Invtmatic Studio - [m] X
File Edit View Project Buld Online Debug Tools Window Help A ¢
24" =1 [ R i+ [T | B8 | Application [Device: PLC Logic] ~ &%
Devices > B X PLC_PRG X ~ | | Properties > 1 x
= 3 tntiteds - i PROGRAM PLC_FRS  Fiter = | ¥% Sortby = ) Sortorder -
= [ Device (TM753) 2 VR =
R Property Value
1) Auto scan END_VAR
Q) Fault disgnosis summary 100% @
=-Blll pLC Logic S —
=} Application

i) Library Manager
PLC_PRG (PRG)
= {8 Task Configuration

=g MainTask
&) pc_FRe Description
[ Variable usage
(@ ™M75cHSIO (M75x-HSIO) 0% [@
[ ExtCard (ModuleScan) 32 Tool.... | & Proper...| @] visualization Too.. |
‘& softMotion General Axis Pool
Cross Reference List -1 X
Device. Application. PLC_PRG Q| | | |7 | Fiter by Symbol, POU, Variable, Access, Type, Address, Object | = B &
Symbol rOU Variable  Access Type Address  Location Object
=-PLC_PRG PLC_PRG Dedaration  PLC_PRG Line 1(Ded)  PLC_PRG [Device: PLC Logic: Application]
PLCLPRG  Task Configuration.MairTask cal PLC_PRG MairiTask [Device: PLC Logic: Application: Task Conf
2 Devices | [ POUs
[E Messages - Total 4 error(s), 0 warning(s), 0 message(s)
Lastbuid: € 0 h 0  Precomple o H Project user: (nobody) (4]

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:
Step 1 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 Task arrangement

Based on the real-time requirements of control, execute the motion control function POU1 in the EtherCAT
task; set the cycle to 500 ps, 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 6 Online debugging

Connect the TM 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 TM 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 TM series PLC is not available, you can simulate and
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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 TM series PLC to implement the following functions:

the servo motor repeats rotating forward 50 revolutions, and then reversing 50 revolutions.

The programming method and steps are as follows:

Step 1 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 Setrelevant parameters.

Step4 Write the program.

2.3.1 Adding a Device

Stepl 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.

Untitled9.project” -

File Edit View

5 =

Devices

H S

Invimatic Studio

Project Build Online Debug Toels Window Help

[ RN

>~ 3 x

= _ﬂr:":;—|
1= [ pevice [
Au

PLC_PRG X

B2 |t (3| #¥ | Application [Device: PLC Logic] ~ ©8

1 PROGREM FLC_FRG

Q, Fau
=80 rc

O

*

Copy
Paste
Delete

Refactoring
Properties..
Add Object

Add Device. |

2

@ 7!
[ extq
2 Soft]

5

&£

|

—Upaselence.

Edit Object

Edit 10 mapping

Import mappings from CSV.
Export mappings o CSV..
Online Config Mode..

Reset Origin Device [Device]
Simulation

Visual Element Repository

END VAR

> |

= | Properties

 Fiter -

-3

X

¥ Sortby + 4} Sortorder ~

|| property

100 % |

Value

Description

100 % |

ce List

ation.PLC_PRG

Q|+

| Filter by Symbol, POU, Variable, Access, Type, Address, Object

22 Tool... [ roper...[ @] visuaization Too...

- x

| [» ]+

2 &

5 Devices |[[) Pous

Symbol
=-PLC_PRG

PLC_PRG

POV
PLC_PRG
Task Configuration. MainTask

Variable

Access
Dedaration
cal

Type
PLC_PRG
PLC_PRG

Address

Location

Line 1(Ded)

Object

PLC_PRG [Device: PLC Logic: Application]
MairiTask [Device: PLC Logic: Application: Task Configuration]

|

E) Messages - Total 4 eor(s), 0 warning(s), 0 message(s|

Lastbuld: € 0 & 0

Precompile el

Project user: (nobody) Q.
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)
[ Add Device X
Mame EtherCAT_Master_SoftMotion
Action
| @ Append device (0 Update device
| | string for a fulltext search Vendor  zall vendors > v
Marne Vendor Version Descrip
+ ﬂ'] Mizcellaneous
= m Fieldbuses
+- CAN CANbus
i = o EtherCAT
| = ﬁ Master
| m EtherCAT Master 35 - Smart Software Solutions GmbH 3.5.15.30 EtherCy
m EtherCAT Master SoftMation 35 - Smart Software Solutions GmbH 3.5.15.0 EtherCl
ﬂj |EtherCA.T Master SoftMotion 35 - Smart Software Solutions GmbH 3.5.15.30 EtherCy
m EtherCAT Master SoftMotion 35 - Smart Software Solutions GmbH 3.5.16.30 EtherCy

+ - HE Ethernet Adapter

= EtherlNet/TP
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@ Name: EtherCAT Master SoftMotion

Categories: Master
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Order Number:

Vendor: 35 - Smart Software Solutions GmbH

Description: EtherCAT Master SoftMotion. ..

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

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.
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Step 3

& Untitiedd project* - Invtmatic Studio

File Edit View Project Build Online Debug Tools
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[rozss-c w1 | m7s3C Target Version:
@ L, wink 5.15.20
Device Address:
D008
Block driver:
\UDP
Number of
channels:
n
Target ID:
16310053
Target Name:
Shenzen INVT-
Symbol POU Variable  Access Type Address  Location Object
=-PLC_PRG PLC_PRG Declaration  PLC_PRG Line 1 {Ded)  PLC_PRG [Device: PLC Logic: Application]
PLC_PRG  Task Configuration.MainTask call PLC_PRG MainTask [Device: PLC Logic: Application: Task Ct

Add a slave.

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:

Step 1 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.
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Untitled9. project” - Invtmatic Studio

Figure 2-1 EtherCAT Master Scanning Interface
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Step 2 Click Copy to project on the Scan Devices interface. The servo drive and the corresponding 402 axis
will be automatically added.

#Note: INVT servo motors do not require manual axis addition later, but third-party servo motors require it.

Figure 2-2 Adding a Slave to the EtherCAT Master
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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
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Figure 2-4 Selecting an EtherCAT Slave Device
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Append selected device as last child of

EtherCAT_Master_SoftMotion

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

After the servo slave and 402 axis are added to EtherCAT, it is shown as below.
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2.3.2 Writing a Function to Handle POUs

In Invtmatic Studio programming environment, there is an EtherCAT_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

Untitled9. project” - Invtmatic Studio - u]

X
Fle Edit View Project Buld Online Debug Took Window Help Y
-2 ==} R Rl I I | i3+ [3 | 9 | Application [Device: PLC Logic] + 8 o |HE
Devices > 1 X Device PLC_PRG X ~ || Praperties - x
=5 Untiteds ~ 1 PROGRAM PLC_PRG 7 Fiter ~ | ¥ sortby -
= B Devee (7s3) 1 o | £dsortorder -
D) Autoscan 3| B VAR . o
2, Faultdiagnosis summary roperty e
= B0 rcioge

= € Application
(@) Library Manager
PLC_PRG (PRG) 100 % | @)
=-{&3 Task Configuration —
2 EtherCAT Task
=& MainTask
@) pLc PRS
) variable usage
TM75x-HSIO (TM75-HS10)
ExtCard (ModuleScan)
=l EthercAT Master_SoftMotion (EtherCAT Mast
= f] ™wT_DA200_265 (PA200-N EtherCAT(Col
B s (i)
= ({§ ™wT_DA300_101 (PA300-N EtherCAT(Col
B axis_1 (axis)
" Softhotion General Axis Pool

Desaription

0% &R
52 To. 8 Pro...[ ] Vieualesto
Cross Reference List - X
Device. Application PLC_PRG Q.| % | |7 | Filter by Symbol, POU, Variable, Access, Type, Address, Object GBS
Symbol poU Variable  Access Tpe Address  Location  Object Com
=-PLc_PRG PLC_PRG Dedaraton  PLC_PRG Line 1{Ded)  PLC_PRG [Device: PLC Logic: Application]
PLC_PRG ‘Task Configuration. MainTask call PLC_PRG MainTask [Device: PLC Logic: Application: Task Configuration]
5 Devices | ) POLs
(B Messages - Total 5 error(s),0 waming(s), 2 messagels)|
Core:17% Memory:74% Lastbuid: © 0 ® 0 Precompie o/ =l Project user: (nobody) INS Lni Coll Chi %]

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

202409 (V1.0) 25



INVT Medium and Large-scale PLC Software Manual

Getting Started

Untitled9.project” - Invimatic Studio - o X
file Edit View Project Build Onine Debug Tools Window Help A 4
BEEE o o $ B @ x4 S A %9 |E [¥3- [T |4 | Application [Device: PLC Logic] « @8 @ |, w W [[E7=2=+= & |o |BE
Devices I E e ~ || Propertes x|
=5 untteds - 1| PROGRAM PLC_PRG F Fiter + | ¥ Sortby
S B
(@ Device (7s3) 1 o s E1| £ sortorder -
) Auto scan a B T
), Fault ciagnosis summary roperty slue
= B0 pic Logic
iDL & Cut
PUER  Copy
=@ ; B Paste
o Delete P Alarm Configuration...
Refactoring » | € Application..
D) Variable us B2 Properics @ Axis Group...
[ u7scs T & Comtsble
ot 3
3 sacard T “: & CNCprogram...
[ Etherca. 2 older.. & O setings
=@ mTIF  Edit Object
B B®  Data Sources Manager.
Edit Object with...
=@ mvr | “g ouT
H a5 Login External Fil
2 Softotio Delete application from device @ Global Variable List,
@) Visual Element Repository £l ImagePool...
Interface...
Descrption
@ Network Variable List (Receiver)...
@  Network Variable List (Sender).
T Persistent Variables, e
&] POU..
€ross Refe -1 x
8] POU forimplicit checks.. i
Deviee A5 Recipe Mansger.. | Fiter by Symbol, POU, Varieble, Access, Type, Address, Object DinE =)
@  Redundancy Configuration. ble  Access Tpe Address  Locstion Object Com
- A™3  Symbol Configuration. Dedaration  PLC_PRG Line 1(Dec)  PLC_PRG [Device: PLC Logic: Application]
] TextList.. cal PLC_PRG MainTask [Device: PLC Logic: Application: Task Configuration]
& Trace
52 Devices [ PoLs P Trend Recording Manager.
(BT Messages -Total 5 emorts), 0 warming(s), 2 message(s)| £ Unit Conversior
& Memory:74% Lastbuid: 0 H 0 Precompie o# &8 Project user: (nobody) 0

Step2 Double-click EtherCAT_Task in the device tree, click Add Call on the configuration interface, and

select a POU.

Figure 2-6 Calling a POU for the EtherCAT task
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2.3.3 Setting Motor Parameters

Object

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

pulses.

Figure 2-7 Motor Parameter Settings

i i

File Edit View Project Build Online Debug Tools Window Help

sl & dh A dh 0 [7 |4 | Application [Device: PLC Logic] ~ ©F %
Devices ~ 7 X [ Device PLC_PRG f1] Pou & EtherCAT Task H Axis X
=) Unttied? -
= (i pevice (M753) Scaling Axds type and limits —
) Auto scan O virtual mode | T2 'm"‘z o
H Sett Activat Negati : .
4, Fault diagnosis summary EILIEERA O Modulo L Activate sgative [u] e
=Bl Pl Fositive [u]: 1000.0
a0 - Legc Automatic mapping © Finite ul
= -} Application
i Software error reaction
Library Manager General
PLC_PRG (PRG) Deceleration [u/s?]: 0
¥ rou pre) Scaling/Mapping Max. distance [u]: 0
= (& Task Configuration
5 EtherCAT Task Commissioning Dynamic limits
=58 MainTask Velocity [ufs): Acceleration [u/s2]  Deceleration [u/s2]  Jerk [ufs?]:
SM_Drive_ETC_GenericDSP402: 1/O
] pLc_PrG Mapping 30 1000 1000 10000
1) Variable usage SM_Drive_ETC_GenericDSP302:
[ ™M75x-HSIO (TM75x-HSIO) IEC Objects
[ ExtCard (ModuleScan)
Status
= [ EtherCAT Master_SoftMotion (EtherCAT Mas
i NEherCATEC | 1otormation
H [adis

= [ TNVT_DA300_101 (DA300-N EtherCAT(Col
M Asis_1 (Axis)
& SoftMotion General Axis Pool

#Note:

limited and we should know its absolute position within the stroke range.

= |

velocity ramp type
O Trapezoid

() Sinz

(O Quadratic

(O Quadratic (smooth

Identification
1D: L]

Position lag supervisior
deactivated

Lag limit[u]: 1.0

For the reciprocating mechanism of the lead screw type, Finite is preferred as the lead screw stroke is
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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
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‘3 SoftiMotion General Axis Pool

3+ Hote: 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 figu

re 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

= F VAR
3 MC_Power : MC Power;
4 MC MoveRbsolute: MC _Movelbsolute;
5 i5tatus: INT
€ 1:UINT:=1000;
7 END VAR
Ll
=
1 CASE iStatus OF
2 0=
3 MC Power(Axis:= SM Driwve GenericDSP402, Enable:= TRUE, bRegulator(On:= TRUE, bDriveStart:=IRUE , )»
4 TF MC Power.Status
= 5 THEN
g i5tatus:=iStatus+l;
7| END_IF
E MC MoveRbsclute (Axis:=5M Drive GenericDSP402 , Execute:= TRUE, Position:=200 , Velocity:=5 , Acceleration:= 5, Deceleration:= 5,);
1 IF MC Movelbsolute.Done
11 THEN
1z MC MovelRbsolute (Axis:=5M Drive_GenericD3P402 , Execute:= FAL3E,
13 iStatus:=i5tatus+l;
13| END_IF
18 MC MoveRbsolute (Axis:=5M Drive GenericDSP402 , Execute:= TRUE, Position:=0 , Welocity:=4, Bcceleration:= 5, Deceleration:= 5,);
17 IF MC Movelbsolute.Done
= 18 THEN
= 18 MC MoveAbsclute (Axis:=5M Drive_GenericD3P402 , Execute:= FAL3E,) :l
20 iStatus:=1;
21|  END_IF
2z|  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. The operation steps are as

follows:
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Step 1 Double-click Device in the device tree, and select Communication Settings > Scan Network.

Step 2 After selecting the corresponding device, click Flash. At this time, the RUN and ERR lights of the

connected device will flash three times.

Step 3 After confirming the device, download the user program to the CPU module.

Figure 2-12 Program Compilation Interface
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Figure 2-14 User Program Download
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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.

Figure 2-15 Device Monitoring
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Figure 2-16 Task Monitoring
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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

FEDADIL Guld Online Debug Tooks Vindow Help
WS M R Rt (T B apslication [Device: PLC Logic] = O =
oo ib EETT+ & ow
= %) e
= E

+ Other Operators
+ Function Blucks.
+ Ladder Elements

m i

The interface mainly includes the following content:

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

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

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

® Local module configuration TM75x-HSIO;

®  FEtherCAT_Master_SoftMotion, i.e. the EtherCAT bus configuration;

®  FEtherCAT bus slave (INVT_DA200_265) and 402 axes, or remote |0 modules.

®  Shortcut keys for compilation, login, and debugging.

3.2 Compile Menu
The Compile menu integrates diverse functions such as compilation and clearing, which are described as
follows:
® Compile: Compile and link all codes into those that can be executed by the PLC.

® Recompile: Clear the last compiled information and re-execute the compilation instruction.

202409 (V1.0) 33



INVT Medium and Large-scale PLC Software Manual Basic Functions

® Generate Code: For the Generate File function required for symbol configuration in label

®  Generate Runtime File: used for R&D testing.
®  Clear: Clear the last compiled and downloaded information.

®  Clear All: Clear compiled information, downloaded information, and reference information, and refresh
all library and project data compilation information.
Figure 3-2 Compile Menu
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m Library Manager

3.3 Variable Usage Table

3.3.1 Overview

The variable usage table has the following functions:

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

e 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 TM series program area, the data area, the power failure
retention area, the M area, the | area, and the Q area are 20M, 64M, 1M, 5M, 128K, and 128K, respectively.
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Table 3-1 Description of Variable Usage

Number Item Description
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
1 Data refresh | compilation is succeeded. Alternatively, you can click the menu Compile >
area Generate Code in Figure 3-2 to trigger an interface refresh.
Note: This function will refresh the interface only after successful
compilation.
Area usage 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
2 information . . )
area 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 |It displays the address usage of I/M/Q areas, including address-associated
usage variable information, address conflict status, information of unused
3 information |address areas, etc.
and function |The function block information mainly includes the type and size of the
block function block called in the program. It also supports functions such as
information |search, address range setting, and page number positioning.
display area

The information display interface is shown in the figure below. It is divided into 4 display options,
namely %M area, %l area, %Q area, and Function block size, which display the usage information of the
corresponding areas respectively.
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3.3.3 Menu Options
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Menu options include display 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
5 Query Address, POU, Variable name, Variable type, and Address range. If any
options | one 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
. click the Query option to enable the range display.
settings .. . . . . .
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.
Table 3-3 Description of Variable Usage Statistics Table
Number Item Description
The address area is displayed in ascending order, with the smallest unit
1 Address | 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
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Number Item Description
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.
3 variable The variable name associated with the area is displayed.
Name
4 variable The variable type is displayed.
type
5 Address 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
statusis 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.
®  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

Different PLCs provide different direct storage areas. 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 TM700 series
programming system provides a 128kB (Byte) input area (%l area), a 128kB (Byte) output area (%Q area),
and a 512kB (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 (%I) 128kB User area 64k Words %IW0-%IW65535
Q area (%Q) 128kB User area 64k Words %QW0—%QW65535
User area 240k Words %MWO0-%MW245759
SD components 10000Words %MW245760-%MW255759
M area (%M) 512kB
SM components 10000Bytes Words %MB511520-%MB521519
Reserved 2768Bytes %MB521520-%MB524287

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
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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.

e

Dev
3

L

aaac
&

= 3 x| [ AMcRc  H mamas Q) Fauk diagnosis summary X
=] [ Device Tpe AL - | Module Name AL - # Quay & Clear ) Export EXCEL | Statistcs of faultinformation 0

Device Type ModkJe tame Erar code Erar name

mmmmm

Error Datads Couse moubleshaotng  Depth disgnoss

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 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.

o 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.
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.

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
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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. Click Add

to Configuration in the upper right corner to complete the scanning and configuration addition of
the expansion module.

e P e pEp— 0 [ ]

ram gae 2 - FL2201_00R0R_L [] ]

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:

Stepl Find the object you want to cross-reference, right-click and select Browse > Browse cross
References:xEnCntCout.

EtherCAT Master.xDistributedClockInSync  EtherCAT Master.sConfigFinished  EtherCAT Master.xE MC_Fower

axis —Hais Status
RUE —{Enable bRegulatorRealState
ut TRUE

By Copy | Farse |
o SHc_j0_ERR
ast N0 ]
Delet
Browse » |*=  GoToDefinition

&9 Addto Watchlist [E  Browse Cross References: bPower

T Browse Call Tree
i NewBreakpoint 2

Unforce All Values of 'Device.Application’

Display Mode v

RET &) Visual Element Repository

Step 2 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.
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3.7 Monitor List

k[+[Q) 005 &

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

Untitledd project - Invtmatic Studio

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

File Edit | View | Project FBD/LD/IL Build Online Debug Tools Window Help
B | {3 Devices Alt-0 B2 |He [§ |# | Application [Device: PLC Logic] = 5 € s o |HE
[Fid e | POUS A1 b @ e % BEETEE S
i & Modules A2 ou x
3 thited B Moz A3 =
Element properties
)3 ToolBox i Tpe
Q[ Watch v [ waten1 :sim'
e B}l @ CrossReference List B Watch2 MC_MoveRelative
B CallTree FA Watch3 B00L
"3 Bookmarks A Watcha
@ Breakpoints @ Watchall Forces
F call stack
£ Memory
Online Change Memory Reserve Settings
Start Page EtherCAT_Master.xDistributedClockInSync — EtherCAT Master.xConfigFinished  EtherCAT Master.xError
n @  Security Screen
Store
Choose Perspective »
Full Screen Ctrl+ Shift-F12
2 Properties..
= 43 [ INVT_DA200_265 (DA200N EmerCAT(ﬂ |

Ax
™
PR o
™

Step 2 Add the variables you want to monitor under the project bar, or right-click Variable and select Add

to Watchlist.

] pou x

Type

Value Frepared value Address Comment

MC_Power
oo
[r—
sy
ECherCAT Master sDLatsibucedclockintyne  ExherCAT Master xConfiqFinished  EchercAT Meseer.sError
®
d W Moverataive 3
M_Powes_0.Stats v RN Browse
_m &d Add 1o Watchlist
e 5 New Breskpoint
Tosgle Breskpoint
Urfoee A elve of Devic Applcton
iy o .
e
f— soplcston e e P ——— adiess Corm
P Devcedoskaton B0t m ——
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3.8 Sampling Tracking

Invtmatic Studio can display the trace curve of variable changes during program debugging. The operation

steps are as follows:

Step1 Right-click Application > Add Object > Trace in the project tree.

Untitled®.project - Invtmatic Studia
File Edit View Project FBD/LD/IL  Build

Online  Debug Tools Window Help

POU for implicit checks...

Recipe Manager..

Bl & R o i+ 1 | BY | Application [Device: PLC Logic] ~ %
= w 4b 6 00 AF 0 % 40 o an BF 5 O 5 w | H HE | E i
Devices v 3 x [ Autoscan ¥ rou x
=5 Uniiteds - 1| PROGRAM POU
= Device (TM753) = i var
D) auto scan MC_Power 0: MC_Power;
2 Fault diagnosis summary bfwer' 0L -
<8l e MC_MoveRelative 0: MC MoveRelative:
oo bMoveRelative: BOOLY
=0 =
END_VAR
) un| & Cut -
PL Copy
1 pq Paste
=@ Ta X Delete
-
Refactoring 3
= $02  Properties. EtherCAT Master.xDistributedClockInSync EtherCATimasr.el’:‘:
U
) Variable us{ ) Add Object » Alarm Configuration...
[ mM7sx+sT| D Add Folder.. ¥ Application...
[ FLz20100{[3" Edit Object @} Axis Group
(@ FLa201_00 Edit Object with... & Comtebl..
[ Extcard
- CNC program.
= [ ethercar {95 Login g CNCF 9
settings...
= mvT_ Delete application from device = &
" a —— Data Sources Manager... MoveRelazive 0
] Visual Element Repository
= mrs i @ DUT..  MoveRelative
B Auds_1(Rxds) External File... e ——
"8 SoftMotion General Asis Pool @ Global Varisble List.. Done [~
= Poal Busy [
mage Pool.. rerive
=0 |nterface.. CommandAborted —
@ Network Variable List (Receiver... fon Error|-
@ Network Variable List (Sender)... R e
T Persistent Variables...
e
& Pou..
]

Redundancy Configuration...

=2 Symbol Configuration...
Cross Refer 1] Text List..

Device.ap| &1 Trace.. ¥ | Filter by Symbol, POU, Variable, Acct
§ Trend Recording M e —
SmBol | it Comversion.. Address  Location Object
bPonEl & Visualization... Line 4 (Ded)  POU [De

Visualization Manager...

S Devices | [) POUs

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.

5] ACARG [ B Mantak 0 Faut daguoss smmary F Dever | [) Astosean

& Trace x

Messages - Tatal 0 eror(s), D warning(s), 7 messsgeis)
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& Trace Configuration *

Record Settings

Trace Record
Enable Trigger O

Trace

Trigger variable |

Trigger edge

0

Post trigger (samples 200ms

Trigger Level

EtherCAT_Task

Task

Record condition

Presentation (diagrams)

X Comment
Time axis
= Diagram 1
Y axis
Shawn variables Resolution ms w

Automatic restart O

|

Add Variable Reset Display settings

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.

® Trace Configuration X
Record Settings
Trace Record
Enable Trigger O
Trace
Trigger variable |
Trigger edge
Advanced Trace Settings X
Measure in every n-th cycle 5 w 20ms
Recommended runtime buffer size (samples) 101 2s :
] override runtime buffer size
Presentation (diagrams) — |
Time axis Trace editor buffer size per variable (samples) % 6m40s
=- Diagram 1
Shown variables
Automatic restart O
Add Variable Reset Display settings

oK Cancel

-

Step 4 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.
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2 Trace Configuration Input Assistant *
Trace Record Text Search Categories
= Trace Trace Variables -  Name Type Address Origin ™
- Traceable parameters * {} Library CAA Device Diagrio:
+Dev D
+-2D GVL_SM
=i @@ ToConfig_Globals
= @ Mxis Axis
+ %9 aCaptDesc
*- @ acycCom
+ 4p adatacyclc
Presentation (diagrams) 4% bAccelerating
-~ Time axis 4 bAvoidReversa... BO0L
=- Diagram 1 4§ bBrakeClosedR... FOOL
Y s * bCommunication 8001
Shawn variables 4 bConsiderLimi... BoaL
4 bConstantveb... BoaL
“*# bDecelerating BooL v
< >
Structured view
Add Variable
Delete Variable Insert with arguments Insert with namespace prefix
T T Documentation
>

Input Assistant

Text Search  Categories

Trace Variables

Traceable parameters

A MName

Type
4% eBrakeControl 7 BrakeSetState
- *% eCheckPositi... ? ChedkPosi
-5} Enable Boct
- 4% eRampType SMC_RAMPTYPE
~ *% fActAcceleration IREAL
43 fActCurrent IREAL
- 4 fActlerk IREAL
- “3 [factPosition trear )
- % fActTorque IREAL
- 48 fActVelocity IREAL
- *% fAimPosition IREAL
+- 4% fheFBErmor ARRAY [B..q_SME_N...
- % fCurrentMotio... LREAL
- @ fCurrentMotio... LREAL

Address Origin =~ ™

Structured view

Documentation

Insert with arguments

[ inzert with namespace prefix

factPosition: LREAL := 0;
(VAR_INPUT)

Parameter number: 1101

=

202409 (V1.0)

43



Basic Functions

INVT Medium and Large-scale PLC Software Manual

< Trace Configuration

Trace Reco
= Trace
-

rd

Axis. fActVelocity

= 5h

Presentation (diagrams)
Time axis
= Diagram 1

Y axis

own variables
. Axis. fActVelocity

Add Variable

Delete Variable

3.9 Persistent Variable

3.9.1 Characteristics

Critical lower limit

Critical upper limit

Variable settings

*

- | Axis. fActVelodty

| e |
|/ Line V|
| & Dot v|
Activate minimum warning O
i}
Warning minimum color M Bladk
Activate maximum warning |:I
0
Warning maximum color [ Red

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:

bVarPers AT SMX1.1

END_ VAR

DINT;

: BOOL;

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 L . . Retain the original
. 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 e
Initialization Initialization Initialization
reset
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. VAR PERSISTENT RETAIN/
Action VAR VAR RETAIN
VAR RETAIN PERSISTENT
Program e e e . . T
Initialization Retain the original value Initialization
download
Online Retain the original . .. Retain the original
e Retain the original value
modification value value
#Note:

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

e Direct variables 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---.

Step 2 In the pop-up dialog box, enter the name of the power failure retention variable list and click Open
to openit.

Add Persistent Variables x

Create anew global variable list

=B PLC Logic
= €3

i (i Liorary Manager Cut HEUE
PLC_PRG (PRG) Copy
9 Pou (RGY Paste
= [ Task Configuratiq )¢ Delete
@%E;;’DU Refactoring ,
=% MainTask
& PLC_PR
&f Trace
[ variable usage
[ T™75x-HSIO (TM7SK-HSII
(4 FL2201_0008DR (FL2201
[ FL2201_0008DR_1 (FL22|
(i) Extcard (Modulescan)
= [ EtherCAT Master (Ether
= [ mwT_paz00_285 (0
H A (Axis)
= [ VT_DA300_101 (DA300-N EtherCAT(Co
H fuds_t (Auds)
" softMotion General Axis Pool

[

Properties...

Add Object »
Add Folder...

Edit Object

Edit Object with...

2% Login

Delete application from device

Alarm Configuration...

Application...
s Group..
Cam table

[y 0 G

cNCp .
CNC settings..

Data Sources Manager...
DUT...

External File...

Global Variable List.

Visual Element Repository

Image Pool...

Interface...

Metwork Variable List (Receiver)...
Metwork Variable List (Sender)...
Persistent Variables... |
POUL.

IBEHeS i DEES ABGERORB

Add Cancel

10—

You can also declare power failure retention variables directly in the power failure retention variable list, as
indicated by © in the figure below. 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
or RETAIN keyword in the global variable list, and then right-click a blank area on the interface to select Add
all Instance Paths to generate an instance path in the power failure retention variable list, as indicated by
@ in the figure below.

#Note: Among the PERSISTENT RETAIN or 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.
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VAR _GLOBAL PERSISTENT RETAIN

1

3.10 Recipe Manager

Copy
Paste

Delete
Select All
Advanced

Input Assistant...
Refactoring

Add All Instance Paths

Reorder List and Clear Gaps

Save Current Values to Recipe

Restore Values from Recipe

Visual Element Repository

2

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.
Untitledd. praject® - Invtmatic Studio
File Edit View Project Buld Online Debug Tools Window Help
e E S RN L v (7 #% | Application [Device: PLC Logic] ~ @
Devices - B X (1] pevice x
= 5] Unbited? -
= ) Device (753 Communication Settings Scan Network... | Gateway - Device -
1) Aute scan Applications
Q) Fault diagnosis summary o
=B PLC Logic Backup and Restore
=G ARy cut ®
@ g
i Copy Gateway
. Paste
’t'w’ -1 ~
=) ® Delete ==
TP-Address:
= @ Refactoring 3 localhost
& Properties.. Alarm Configuration... Port:
&3 Application.. 1217
9 Add Object [ et PP
== A Fold @ Axis Group..
older..
- £ Camtable..
4" Edit Object
a8 &, CNC program...
Edit Object with... .
T 4 CNC settings...
[ variable| @8 Login &  Data Sources Manager...
[ ™5t pelete application from device %2 DUT.
(i FLz201 = .
#] Visual Element Repository s
[ LEEE e @ Global Varisble List.
[ ExtCard (ModuleScan) & Image Pocl...
=[] EthercAT_Master (EtherCAT Master Sa v
= C Refer
() mavr_pa2n0 265 OAZIONEtherc | |[CIOSREFRIENSE o 1ot Variable List (Recsiver)..
B s (axis) DEVEE APPIOO o5 tsork Variable List (Sender.. fer by Symbol, POU, Variable, Access, Type, Address, Ot
= ™vVT_DA300_101 (DA300-N EtherC
0 st o) Symbol | & POU.. ccess Type Address  Location
- & POU for implicit checks...
Recipe Manager...
5% Devices | [ Pous Y B 3 -
@ dund. Configuration...
y - (<), 0 warning(s), =
[E Messages - Tatal 0 emor(s), 0 warning(s), 0 message(s) "2 Symbol Configuration...
P ot 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

[ Device

Storage  General

ﬂ Recipe Manager X

configuration interface of the recipe manager in the figure below.

Storage type  |[=40E]

|V|

File path

Binari I

File extension .tetrecipe

Separator
(O Tab

() Space

() Semicalon

)|

() Comma

0:- C

Available Columns
-b Type

Mame
'b Comment
'b Minimal Value
'b Maximal Value

<<

> Selected Columns

. 'b Variable
'b Current VYalue

Save as Default

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

Up Down

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 [=<]. The icon 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

Devices

-

-1

X [f Device x

= [ Lntteds

= Eﬂ Device {TM753)
D Auto scan
Q Fault diagnosis summary
= @ﬂ PLC Logic
=} Application
@ G
m Library Manager
PLC_PRG (PRG)
POU (PRG)

Communication Settings

Applications

Backup and Restare

Files

Log

PLC Settings

ﬂ Redipe Manager
= @ Task Configuration
= 5% EtherCAT Task
& rou
=% MairTask
&) PLC_PRG
Qﬁ Trace
T PersistentVars

¥

i

Cut

Copy
Paste
Delete

Browse

Properties...

Object > Recipe Definition-:- to add a new recipe definition.

Scan Network...

Gateway ~

D Wariable usage

Add Object

> |

Q Recipe Definition...

[ ™7Ex-HSIO (TM75x-HSIO)
[ FL2201_0003DR (FL2201-00
ﬂi FL2201_0008DR_1 (FL2201-]
ﬂi ExtCard (ModuleScan)

L V|

Add Folder...
Edit Object
Edit Object with...

Visual Element Repository

T 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

m Device

V3, Recipes x

ToolBox - B X

Variable

Type

MName

Comment

Minimal Val...

Maximal Va...

-
Current Val... ‘
Bz

Paste

Insert Variable

Add Child

Add Sibling

Update Structured Variables

Add a New Recipe

er}*”ﬁ‘@m@é’@

Remove Recipe

Load Recipe...

Save Recipe...

8] Visual Element Repository

&J P o visu...

In addition to editing recipe files directly on the interface, you can also add “Recipe Management”

files and use code to create, delete, load, and save recipes.

Device |, Recpes

il Library Manager x

(BB Add Library ¥ Delete Library |2 Properties i3 Details | 5] Placeholders | (fff] Library Repository @ lcon legend...

'5) Recipe Management, 3.5, 15.0 (System)
#-{2) General Types
*+ 2 Interfaces
@ retunvalues
=[] recpeMancommands
+-2D Private

54 CreateRedpe

[Ga[createrecpenasave

54 DeletzRecpe

[h DeleteReciperie

54 GetlastError

(4 Getlastinfo

[ GetRedpeCount

[ GetRecipeNames

[ GetRecpevalues

4 GetRecipeVariableNames
[ LoadandwriteRecipe

4 LoacFromandviriteRecipe
[Fh LoadRecipe

4 Readandsavess

[F4 ReadAndSaveRecpe

[F4 ReadandSaveRedpeas
4 ReadRecipe

[§4 RegsterDatasourceRecipeDefinition
4 Reloadrecipes

Inputs/Qutputs  Graphical Documentation

METHOD CreateRecipeNoSave

Name Namespace Effective version
&-[B 10DrvEtherCAT = 10DrVEtherCAT, 3.5.15.30 (35 - Smart Software Solutions GmbH) IoDrvEthercatLb 3.5.15.30

e L_ ToStandard = IoStandard, 3.5.15.0 (System) IoStandard 3.5.15.0

%[ RedpeManagement = Redpe Management, 3.5.15.0 (System) Recipe_Management 3.5.15.0

-0 5M3_Basic = 5M3 Basic, 4. (35 - Smart Software Solutions GmbH) 5M3_Basic 4.10.0.0

&[0 SM3_CNC = SM3_CNC, 4.1 35 - Smart Software Solutions GmbH) SM3_CNC 4.10.0.0

&[0 SM3_Drive_ETC = SM3_Drive_ETC, 4.3.0.0 (35 - Smart Software Solutions GmbH) 5M3_Drive_ETC 43.0.0

-1 SM2 Drive FTC_NSANY CudirSunc = SM2 Drive FTC NS4N7 CudicSync 4 & 1.0 73S - Smart Snfhware Snlitinne GmbHY SM32 Drive FTC NSAN? CurdicSunc 4R10

Name Type
"§ CreateRecipeNoSave DWORD
4 RecpeDefiniionName  STRING
*p RedpeName STRING

Inherited from  Address  Initial  Comment

Name of the recipe definition

Name of the recipe

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.

library
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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 E

Devices ~ o X ﬂ Device Q Recipes X m Library Manager “ GVL w | ToolBox ~ 0
=2 Unitled? bt Variable Type Mame Comment Minimal Val... Maximal Va... E
= =
[ pevice (M753) E] s
D Auto scan ‘
O‘ Fault diagnosis sump
I 't Assistant %
=[] PLC Logic nput Assistan
=49 -
4 ;’plmt"’" TextSearch Cat=gories
GVL
m Library Man Varizbles a  Name Address Orig
PLC_PRG (F =¥ Application
f¥ pou (re) - @ en
= R Recipe Man # bMoveRelative
@, Recipes % bPower
= @ Task Config @ Irvel
=gk Etherc) * @ MC_MoveRelative_0
4] pol| * % MC_Power_0
=38 MainTa| +- T PersistentVars
& pLe +-{} BPLog
&Q Trace + e D
T Persistenty] +- D evi_sm
D Variable usage + “ IoConfig_Globals
[0 TM7sHSIO (TM7S] + - {} IoDrvEthercatiib
[ FL2201_o0008DR (FL +-{} sm3 Basic
P R |
8 structured view Filter None =

S Devices D POUs

Bl Messages - Total 0 error{s), 0 Insert with arguments [ Insert with namespace prefix

Documentation |

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

m Device Q Recipes X m Library Manager ﬂ GWL

Variable Type MName Comment Minimal Val.. Maximal Va.. CurrentVal.. Recipe2 Recipel
Irvel LREAL 20 10
bMoveRelative BOOL i} 1}
bPower BOOL i 1}

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.

(# Device 3, Recipes x ] Lbrary Manager @ o

Changed recipe definition confiquration will be transferred withthe next downlaad or enline change

Variable Type  Mame  Comm.. Minim.. Ma.. CurrentValue  Recipe? Recipel
Irvel LREAL 30 10
FALSH 0
FALS! Cut
Copy
Paste

bMoveRelative BOOL
bPower BOOL

Delete
Select All
Browse »
+  Insert Variable
% Add Child
% Add Sibling
Cp Update Structured Variables
@, Add a New Recipe
&, Remove Recipe

" Load Recipe...
= Save Recipe..

“% Read Recipe
Read and Save Recipe .
& P

%  Write Recipe
&% Load and Write Recipe...

3, 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.

[ FL2201_00080R_1 (FL2201-0008D
m ExtCard (ModuleScan)
= [l EtherCAT_Master (EtherCAT Mastd

= m INVT_DA200_265 (DA200-N EY
M axis (Axis)

= mwT_DA300_101 (DA300-N EH
M Axis_1 (Axis)

‘a. SoftMotion General Axis Pool

apFee !l ensS ABCGOROR

Global Variable List...

Image Poal...

Interface...

MNetwork Variable List (Receiver)..
Metwork Variable List (Sender)...
POU..

POU for implicit checks...
Redundancy Configuration...

Devices >+ o X m Device X
=) Uhatieds - Scan Metwork. Gate Devi
icati i can Metwork... | Gateway - Device
- m Device (TM753) Communication Settings
D Auto scan Applications
O‘ Fault diagnosis summary
= @1] PLC Logic Backup and Restore
=1L} Applicg™
) Cut .
@ o b Cu
Ez
i wibr Copy
PLC al Gatew
) pol] 74 Delete P-Add
=4, Red Refactoring » localha
2 Properties... T;;t;
= @ Tasl
- |J Add Object 4 | Alarm Configuration...
D Add Folder... Application...
- 1" Edit Object Axis Group...
Edit Object with... Cam table...
@5 Tra :; Login CNC program..
T Pers CNC settings..
) Delete application from device 2
D Variable usa Data Sources Manager...
[l ™75x-tisig = Visual Element Repository DUT.
(@ FL2201_0008DR (FL2201-0008DR)|| | oo External File..

-
Le

Symbol Configuration...

Text List...
& Trace..
# Trend Recording Manager...
Cross Reference List 5 Unit Conversion...
Device. Application. GYL.bM @ Visualization...
P Fl  Visualization Manager...
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After selecting symbol configuration, a pop-up window appears as shown below.

Add Symboel Configuration

MName

Create a remote access symbaol configuration.

Symbol Configuration

X

Include comments in XML

B Support OPC UA features

Client Side Data Layout

() Compatibility Layout

© Optimized Layout

Add

Cancel

Table 3-6 Description of Symbol Configuration

Option

Description

Include comments in 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.

B Symbol configuration-Settings

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

m Device
View -

! /Execute "Build" comm

Changed symbaol configy

Symbols

B2 Symbol Configuration x

uild |2 settings ~ | Tools -

Support OPC UA features

<0

Include Comments in XML
Include Node Flags in XML

[#¥ Build Details...
Members Comment

£ |:| Constants

Configure comments and attributes. ..

+ (5] evL
+ |:| loConfig_Glg
+.[] [E] Persistentva
+-[][E] spo_spsit
+-[] 5] sbio24_sD1
+-[7][5] spis36_s02
+-[] 5] spzo4s_sp2

Configure synchronisation with IEC tasks...
Optimized Layout -

Use empty namespaces by default (V2 compatibility)
Enable direct IO Access

Include call information in XML

Enable Symbol Sets

= R L]
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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 — O =
Symbaol Table Contents XML Symboal File Contents
Enable extended OPC UA Information |:| Include namespace node flags
[[] Include comments ] Include attributes Include comments ] Include attributes

] Also include comments and attributes fortype nodes

| Select Comments

O Include docu comments:
[/ They start with triple slash and are usually
{/f formatted in ReST (library documentation)

() Include normal comments:
(* IEC [ Pascal style comments *)
{f C++-Style comments with double-slash

() Always include bothtypes of comments
© Prefer docu comments, fallback to normal ones

() Prefer normal comments, fallback to docu comments

Table 3-7 Description of Symbol Configuration Comments and Attributes

Option Description
Symbol Generally, symbols represent variables, and symbol attributes
represent variable characteristics (Attribute information).
Comment format It indicates the comment download or display format.

It indicates which attribute information is included when the XML file is

Attribute matchin
& exported or downloaded to the PLC.

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.
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Properties - Device *
Common  Access Control  Options

Manitaring Interval {ms) 200 =

Interactive Login Mode
*) None

Symbol Configuration
(] Access variables in sync with IEC 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

m Device B2 Symbol Configuration
View ~ | &% Build | (=} Settings ~ | Tools ~
Changed symbol configuration will be t |<!> Save ¥ML Schema File... ||
Symbols Access Rights  Maximal Attribute  Type Members Comment
#-[C] |E] Constants Gets the current X5D Schema file for the generated symbaol XML file, so it can be used with 3rd party toals. |
=-[¥][E][eve |
[ # MO MoveRelative 0 £ ] M MeneaR alative

®  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.

ﬁ Device B2 Symbol Configuration “ GVL X
1 // (attribute 'qualified only'}
B 2| VAR GLOBAL

3 MC Power O: MC Power;
MC MoveBRelatiwve (: MC MowveRelatiwve:
7 END VAR

5 o [ i) sasisTeNT

10 kPower: BOOL;
11 bMoveRelative: BOOL;
12 1rVel: LREAL;

13| END VAH

#Note: If any variable in a single global variable list is not used in the user program, the corresponding
variable list will not appear in symbol configuration.
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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

B "=z # Build F11 = _‘T [#¥ | Application [Device: PLC Logic] ~ ©F
Rebuild
Devices Emzmizesit |", ion x [/ GV
Generate runtime system files...
=9 unstieds " Tools ~
= m Device {TM753) Clean transferred with the next download oronline change
D) Auto scan Clean all Access Rights Maximal  Attribute  Type Members
=] ¥
gh Fault diagnesis summary [ Constants
PrLC Loglc- - - L
% Application ] # MC_MoveRelative_0 i MC_MoveRelative
@ o [71 # MC_Power 0 U MC_Power
ffi) Liorary Manager # bMoveRelative k™ k™ BOOL
PLC_PRG (PRG) ¢ bPower £ i BOOL
4 Pou (ra) # Irvel k™ k™ LREAL
~H (R_)EUDE I'T‘Ianager F-[F] IoConfig_Globals

Step2 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.

£k EHEE =] Sk
[7] Untitled.project.~u 7/ ~U 3745 1KB
|‘-, Untitled9.Device.Application.xml 7/23/2024 8:36 PM Microsoft Edge ... 2 I(B|
#® Untitled9.project 7/23/2024 8:34 PM 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:\Wsers\Administrator\Desktop\ Browse...
SizalSeriss: 102 o vsies B
Show Model: Horizontal ~

Model Parameters
Remote: NO
Size: 10.2 inch
Pixel: 1024x800 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 MNext Cancel
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Link Interface: Ethernst
Link Mame: CodeSyz TCP V3 Communication Optimum
HMI Site: Local ~ Setting ster—zlave mode) port:l

Connection Services: Codelys

Network port IP address

Ir: (192 J1s8 A1 J1ao
Subnet mask: 255 JaEg J255 Io nport Protocol tag
Gatevay: [jgo Jiss J1 J1

Notes

Pleaze use the<DIF Switch 1+3 Function Settingsrin the<Function Buttonor use
the<Configuration>in the<Remote Configuration Tool*to update the parameter=z of
the 4G/WIFI module.

cancel

E Communication Port Properties ? X
General Parameter
Link ID: |3

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: |Ethernst
Link Name: |CodeSyz TCP V3 Communication Optimum
HMI Site: Local e Setting gter—slave mode) port:l

Connection Services: CodeSys | (CodeSys TCP V3 Communicati -

Network port IP address

. B HMITool >
Ir: (192

i Imported successfully | nport Protocol tag

Subnet mask: 255

Catevay: ;

192

Notes

Pleaze uze the<DIP Switch 143 Function Settingsrin the<Function Buttonror usze
thedConfigurationrin the<Remote Configuration Tool*to update the parameters of
the 4G/WIFI module.

cancel
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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.

B Communication Part Properties

General — Parameter
Connected equipment ip Other
: HMI Add: :
IF Address: 19z | 163 | 1 J1n ress: |0
Port number: 11740 Plc station: |0

Communication time: &
Cvertime time 1: 1000
Overtime time 2: |5

FEetries: |3

Address mode: |Standard Mode

PLC address interwal: 32

Spare =zet parameters

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

Spare parameter 2: |0 Spare parameter 4: |0

cancel

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
Humentric Diszplay

ID: |NDOOO3

View

B58888888¢

Prompt

Function: Nonitor
Regizter walue
while change

General Picture Advanced Tigibility

Border Color: - BG Color: -

FG Color: Text Color:

Pattern: I:‘Solld -
Data Type: |f4-Bit Floating Point

Display Type: |64-Bit Floating Point
Monitor Address: |3/4pplication.GVL. 1r¥ell
] offzet
B Address Entry

Standard Addre=zsz library
Ethernet ~ Label:
=z TCP V3 Communication Optimum Address:
Application. GVL. 1rVel| s DataType:
1]

12 3 4 & CLE

& 7 8 9 0 BZ

4L B C D E E3C

F I ENT

tddress lik

Ok

Shape

[ it

Fication

‘o—gupprezsion

o Header

we Header

cel

Help
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3.12 Task Configuration

Each PLC application (project) contains “Task Configuration” 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 - 0 X

=5 Untitleds -

=[] Device (TM753)
D Auto scan
D, Fault diagnosis summary
=-[El PLC Logic
=1} Application
@ cn
m] Library Manager
PLC_PRG (PRG)
bF Pou (PRE)
= ﬁh Recipe Manager
{% Recipes

- Symbol Configuration

= @ |Task Configuration

=g EtherCAT Task
& pou
= -g% MainTask
&1 PLC_PRG
@,ﬁ Trace
T PersistentVars
|j Variable usage

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.
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Devices - o X m Device }/i 2 Symbol Configuration ]
= -@ Lingitled@ || Monitor  Yariable Usage System Events Properties
= (il Device (753) Task Status IEC-Cycle Count  Cy
Auto scan (X3 EtherCA. ..
O‘ Fault diagnosis summary (X1 MainTask
=80 pLC Logic
= a Application
@ cw
m Library Manager
PLC_PRG (PRG)
¥ Pou (PRG)
= ﬂ Redpe Manager
Q Redpes
B8 Symbal Configuration
= (£ Task Configuration
H @ EtherC] & Cut
& ro Copy
=& MainTd = Paste
& ey ¥ Delete
& Trace (= Properties..
? Persistent) "
[:) Add Object £ Task.
Variable usage
) Add Folder...
[ ™7sx-Hs1o (M78 o
[7 Edit Object
[l FL2201_o00SDR (F o .
({ FL2201_0008DR_1 Edit Object with...
[ ExtCard (Modulesed ]  Visual Element Repository

=[]l EtherCAT_Master (EtherCAT Mas
<[ ™wT_pA200_255 (DA200-NE

H  Axis (Axis)

= [{l mwT_DA300_101 (DA300NE

H Axis_1 (Axis)

‘2 SoftMotion General Axis Poal

Add Task

%:ﬁf An IEC task

Add Cancel
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3.12.2 Task Settings

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

E[j Device

Configuration

Type

@ Task X

Priority { 0.31 J: 2

-

|C}'clic

W Interval (e.g. t£200ms) 20

Watchdog
[CIEnable

Sensitivity

gp Add Call

Time (e.g. t=

200ms)

Remove Call [& Change Call Move Up

Mowve Down

ms

ms

Open POL

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 i 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

Freewheeling

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

State

When the set global variable is TRUE, the task
starts execution

Trigger variable

e 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
functions are detailed in the table below.

Table 3-9 Watchdog Functions

Option Function
Enable Itis used to enable the watchdog function
Time It is used to set the watchdog timeout period
. It is used to set the value, that is, trigger the watchdog after exceeding the
Sensitivity . .
set 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 TP6000 Multi-core Task Configuration

The TP6000 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 EtherCAT_Group containing
EtherCAT_Task be configured as Core 1 for better real-time performance.

Jevices

-~ 7

= ﬁ Device (TP6210-1xxx) &
Q Fault diagnosis summary
=2l PLC Logic

=4} Application

@ Cam

@ Cam_1

@ Cam_2

&4 oncinE

®g s STRUCT).

“# DeviceStates (STRUCT)
¢ DUT (ENUM)

#¢ haxisStruct (STRUCT)
@ heylinderstruct (STRUC

@ Task Configuration x

Task Groups  Monitor  Varisble Usage  System Events  Properties

gk Add Group Remaove Group

Group name
= IEC-Tasks
g Hsl
g8 PLC_Task
@ Modbus
& B
=/ EtherCAT_Group
g% EtherCAT Task
£ Path

Core Pricrity

o |

Seiuenﬁalli Pinned |
1

oo LW e
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4.1 High-speed 1/0 Configuration

4 Hardware Configuration

For the TM700 series PLC, double-click TM75x-HSIO in the device window. Then, the HSIO parameter
configuration interface will pop up. You can configure high-speed 1/0 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.

levices - B

x

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

[ TM75x-HSI0 % [ Counterd

= (7 pevice (M753) -
1) Autoscan
@ Fault diagnosis summary
=80 PLcLogic
=} Application
@ on
Library Manager
=[E] pLc_PRG (PRE)
fiB} MoveLink 0
POU (PRG)
FOU_L (FRG)
iR pou_2pre)
=, Redipe Manager
B, Recipes
"5 symbol Configuration
= (8 Task Configuration
=& ETHERCAT
& pLc_PRG
=& mainTask
& pou_z
PO
= Task
& Pou_t
& Trace
T Persistentiars
] b

| HSIO Setting
PCI-Bus IEC Objects
Parameters
1/0 Mapping
Status

Information

= [ TM75XHSIO (TM75x-HSIO)

[ Counterd (HiSpeedCounter]
[ counter1 (HiSpeedCounter]

Counterd APhase

Counter) EPhase

Counter1 APhase

Counter1 BPhase

General input

General input.

General input.

General input

High speed counter

Pulse axis

Counterd

@ Countert

Device name: Counter

[ Pulse axis0

Output mode

Device name: Counter o)

[J Counter2

() Counter3

Status after ple stop

© Keep output

[ Pulse axis1
Output mode

02

O Output preset value () Pulse axis2

30:

Filter(0. 25 us)

2 H x:

Al

¥4

20000 |3 ¥5:

20000

4.1.1 Counter Interface Configuration

¥6:

20000 |3 372

20000

Output mode
=5

[ Pulse axis3
Output mode

02

Interrupt input
Ox £ 1_[\)(1 £ 1 Ox
% f 'L 0% ml fl Ox

General output

Y1 = General output

General output

General output

¥4 f—  General output

¥s f—  General output

¥6 f—  Counterd Compare out

V7 f—  General output

fifos 51
fE& ov 53

EE

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 TM75x-HSIO to make detailed settings for the high-speed counter.
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Figure 4-2 High-speed Counter Parameter Configuration

[ TM7sx-HSIO [ Counterd x
Counter Setting B Counter mode
PCI-Bus IEC Objects Counter mode AfE Phase Multiplel ~ Signal source | X0-A Phase,X1-B Phase =
A/B Phase Multiple 1
Parameters
B Hard Reset
1/0 Mapping
Input port Single phase Trigger mode ) UP © Down
Status
Information B Prob

Prob1 Input port = Probz Input port il

B output preset walue

Input port  Soft mode i

B Conpare output

Output port Y6 =
B Encoder Axis
© Linear (O Ring © Foward (0) Negative

Min pulse count  |-2147483048 = Max pluse count | 2147483647

Counter mode: It indicates the counter mode, which can be selected from the following 6 options:
phase A/B 1x, phase A/B 2x, phase A/B 4x, pulse+direction, single phase, and CW/CCW. If you choose to
use phase A/B 1x/2x/4x, pulsetdirection, 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.

Input counting direction: positive or negative.
Counting mode: rotary or linear.

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.

e  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.

e 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.

e  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 Counter Functions

For counter function control, for example in I/0 mapping, you can set the counter clear and enable control

bits.

Figure 4-3 High-speed Counter Parameter Mapping

Devices > o X [ countero x
= [ Device (TM753) -
) Auto sean Counter Setting
2, Fault disgnosis summary oerameters
=80 picLogic
=} Application O Mapping
g nds (STRUCT)
@ on Status

i) Library Manager
PLC_PRG (PRG)
POU (PRG)
B9 Pou_t pre)
= [F] singleAxis (PRG)
i, Mover POU_T (PRG) |
®3 Symbol Configuration
= (&8 Task Configuration
=2 EtherCAT_Task
& rou
= & ManTask
8 pic_rrG
8 singlexis
= Task
& pou_t
) variable usage
= F TM75x-HSIO (TM75x-HSIC)
[ |countero (HispeedCounter) ]
[ Counter1 (HispeedCounter)
[ Counter2 (HiSpeedCounter)
[ counter3 (HispesdCounter)
(@ FL4003_4DA (FL4003-4DA)
=i EtherCAT Master_Softvotion (i
Wl FK1100_ECT Coupler (FK1
= modbus_TCP _Master2 (Modbus
[ Modbus_TCP_Slave2 (Modb
[ Modbus_RTU_Siave_Devicel (v

Information

Find Filter Show all - ¢ Add FB for |0 Channel... Go to Instance
Variable Mapping Channel Address  Type Unit Description
#- Statusword %54 BYTE HEEIAEE
A. % Counter vabe wea ot i
t Preset Status RIX12.0 BOOL HrEmRIRE
* Touch Probe Status1 %IB13 BYTE HHuis
+ % Touch Probe Status2 %IB14 BYTE AT
R Latch rising pos1 %ID4 DINT EHAsE L HARELE
“y Latch rising pos2 %ID5 DINT A CHHARENT
' Latch falling pos1 %ID6 DINT FfHTE TR Ll
4y Latch falling pos2 %ID7 DINT A TRER RN T
o Compare Status %IB32 BYTE [ pend
=59 Controiword %QB4 BYTE T ERE
7% Application.bEnCount " strt QXD BO0L
# Application.bEnClear "y Reset . BOOL
Ty Preset Value %QD2 DINT THEEIEE
T Preset command %QB12 BYTE FRETIEERER
e Touch probe command1 %QB13 BYTE Eh el
+-Fp Touch probe command2 QB 14 BYTE FrrahEEE
= "9 Compare command %QB15 BYTE PR SR
" Compare Value %QD4 DINT Zei)
" Compare Output Keep Value %QW 10 UINT P R R HE
" Compare Output Unit %0B22 BYTE AL R R 0-100us, 1B

@ = Create new variable

" = Mapto existing variable

Bus Cydle Options
Bus cydle task v

Reset Mapping

Controlword/Reset is the counter reset control bit; while Controlword/Start is the counter enable control bit.

Other functions can be configured as described in the table below.

Table 4-1 Description of Counter Control Word and Status Word

Parameter Name

Type

Description

Counter control parameter.
Bit0: Counter enabled, valid if TRUE

Controlword BYTE
Bitl: Counter cleared, valid at the rising
edge

Preset Value DINT Preset value of the counter.

Preset command

BYTE

Preset function control.

Bit0: Software preset enabled, valid at the
rising edge

Bitl: Preset reset

Bit2: Preset done signal cleared

Touch probe commandl

BYTE

Probe 1 function control word.

Bit0: Probe start signal, valid is TRUE
Bitl: Probe reset signal

Bit2: Probe done cleared signal, valid is
TRUE

Touch probe command2

BYTE

Probe 2 function control word.

Bit0: Probe start signal, valid is TRUE
Bitl: Probe reset signal

Bit2: Probe done cleared signal, valid is
TRUE
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Parameter Name Type Description
Comparison function control word.
Bit0: Start

Bitl: Enable

Bit2: Reset

Compare Value DINT Compare values.

Hardware output comparison result
retention value.

Compare command BYTE

Compare Output Keep Value UINT

Output comparison retention unit.

0: 100 ps, 1: pulse

Counter status feedback.

Bit0: Counter running status feedback (1:
running)

Bitl: Counter direction feedback (1:
reverse)

Bit2: Positive limit status feedback (1:
reaching cntMax)

Bit3: Negative limit status feedback (1:
reaching cntMin)

Bit4: Counter error status (1: error)

Compare Output Unit BYTE

Statusword BYTE

Counter_Value DINT Counter value.

Preset status feedback.

Bit0: Preset completed status feedback (1:
done)

#Note: The preset done signal needs to be
cleared, and the preset value cannot be
modified before it is cleared.

Preset Status BYTE

Counter probe 1 status feedback

Bit0: Probe busy status feedback

Bit1: Probe done status feedback

#Note: The preset done signal needs to be
cleared, and the preset value cannot be
modified before it is cleared.

Touch Probe Statusl BYTE

Counter probe 2 status feedback

Bit0: Probe busy status feedback

Bitl: Probe done status feedback

#Note: The preset done signal needs to be
cleared, and the preset value cannot be
modified before it is cleared.

Probe 1 latches the rising edge acquisition
position.

Probe 2 latches the rising edge acquisition
position.

Probe 1 latches the falling edge acquisition
position.

Probe 2 latches the falling edge acquisition
position.

Touch Probe Status2 UDINT

Latch rising posl DINT

Latch rising pos2 DINT

Latch falling pos1 DINT

Latch falling pos2 DINT

Comparator status.

Compare Status BYTE . .
Bit0: Output comparison busy status
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Parameter Name Type Description
feedback
Bit1: Output comparison done status
feedback

#Note: For counter preset control, the Preset command can use software operation to preset the counter
value. After successfully presetting the counter value using PresetActiveSoft, you must use PresetDoneClean

to clear the Preset Status before you can reset the counter value again.

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.

Devices >R

Figure 4-4 High-speed Output Port Configuration

x [ TM75x-HSTO X

D Auto scan
£ Fault diagnosis summary
=Bl pLC Logic
=13 Application
¢ axis (STRUCT)
@ o
{f Library Manager
PLC_PRG (PRG)
) pou pre)
9 pou_1 (prE)
=[5 singleaxis (PRG)
fi2s Mover
™3 symbol Configuration
= [#8 Task Configuration
= EtherCAT Task
&) rou
=& mainTask
8 pLc_PRG
) singlesiuis
= Task

&) pou_t

Variable usage
2 [ |TM75x-HSIO (M75%-HSIO)

o PeedCounter]

4.1.4 Normal O

HSIO Setting

PCI-Bus IEC Objects

Parameters

1/0 Mapping

Status

Information

x0: |2

X4 |2

utput

Counterd APhase

Counterd) BPhase

Counterl APhase

Counterl BPhase

Counter2 APhase

Counter2 BPhase

Counter3 APhase

Counters BPhase

S a: 2

3 x5 2

High speed counter

Counterd  Device name:

Counterl  Device name:

Counter2  Device name:

Counter3  Device name:

Status after ple stop
© Keep output.

Filter(D. 25 us)

H e 2 H B 2

H ox: 2 H x: 2

© Output preset value

FPulse axis

Counter

Outpu

445

Counter

Counter.

Counter.

() Pulse axiso

it mode

Qutput mode
[k

Orthogonl mode

18 Pulse axis2Pulse Axis2

18 rulse axds3Pulse Axis3

Output mode.
OzEs

Interrupt input
oo | £
Ox £ O

The normal output port ranging from YO to Y7 is used by default.

The output port of the TM series PLC contains 8 output signals, Only single-ended outputs are supported,

Orthogonal mode

and the output signal is of the source type YO-Y7 share the common port COM.

General output

General output

Pulse axis1 A_Phase

Pulse axis1 B_Phase

|—  Pulse axis2 &_Phase

Fulse axis2 B_Fhase

5 f—  Pulse axis3 A_Phase

Pulse axis3 B_Phase

Table 4-2 Description of the Normal Output Port of the TM700 Series PLC

Schematic Right
. Left Signal Left Terminal g. Right Signal
Diagram Terminal

Ll | X0 input A0 BO Y0 output

O Input output

e XLi Al B1 v

; X2 input A2 B2 Y2 output

;ut; X3input A3 B3 Y3 output

== X4 input A4 B4 Y4 output

== X5 input A5 B5 Y5 output

B X6 input A6 B6 Y6 output

e X7 input A7 B7 Y7 output

e common input common output

&% ss CcoM

A8 ) A8 B8 .

terminal terminal
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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.

Figure 4-5 High-speed Output Modes

Pulze axi=z

Pulse axisPulse Axis0
Output mode Pulse +Direction vo |—
Pulse axis0 Pulse
[]Z signal
¥1 F—  Pulse axis0 Direction
Pulse axis1Pulse Axis1
Output mode Pulse + Direction - v
I Pulse axis1 Pulse
[ ]Zsignal
Y3 Pulse axis1 Direction
Pulse axis2Pulse Axis2
Output mode  |Pulse +Direction ¥4 —  Pulse axis2 Pulse
[]Zsignal
¥s p— Pulse axis2 Direction
Pulse axis3Pulse Axis3
Output mode Pulse + Direction v6 b—  Pulze axis3 Pulze
[]Zsignal
¥i — Pulse axis3 Direction

4.1.6 Output Comparison

The output comparison function outputs the result of the counter single value comparison, and each
counter channel has an output comparison 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.

®  The output comparison port is configured in the corresponding counter channel
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Figure 4-6 Output Comparison Configuration

m Counterld X

Counter Setting B Counter mode
PCI-Bus IEC Objects Counter mode A/B Phase Multipled ~ Signal source  X0-A Phase,X1-B Phase v
Parameters
i [ Hard Rezet
If0 Mapping
Input port e Trigger mode Oup © Dovin

Status
Information & Frob

Probl  Inputport > Prob2 Input part >

E Output preset walue

Input port  Soft mode w

E Compare output

Qutput port

[ Encoder ixis

© Linear

© Foward (C) Negative

Min pulse count Max pluse count  [2147483647 =

®  Output Comparison Control

Figure 4-7 Output Comparison Control Mapping

({) Countero x -
Counter Setting Find Filter Show all ~ 4k Add FB for IO Channel... "= Go to Instance
. Variable Mapping  Channel Address Type  Unit  Description
=% Statusword W84 BVTE Counter status word
Parameters k] Counter Value %102 DINT Counter value
* Preset Status WINIZ0  BOOL Preset completion feedback value
1/0 Mapping ] Touch Probe Status1 4IB13 BYTE Touch probe 1status
E ] Touch Probe Status2 WiB 14 BVTE Touch probe 2 status
Status L Latch rising pos1 %ID4 DINT Latch rising edge acquisition position of touch probe 1
R Latch rising pos2 %IDS DINT Latch rising edge acquisition position of touch probe 2
rmion 5 Latch faling pos1 %IDG DINT Latch falling edge acquisition position of touch probe 1
R Latch faling pos2 wID7 DINT Latch faling edge acquisition position of touch prabe 2
= % Compare Status “IB32 BYTE Comparator status
% Busy WIX320  BOOL
*» Done HIX32.1 BOOL
=g Contralword QB4 EVTE Counter control werd
"% Preset Value %QD2 DINT Counter preset value
="y Preset command %QB12 EVTE Preset command contral
+ "y Touch probe command1 %QB13 BYTE Touch probe 1 command control word
="y Touch probe command2 %QB14 EVTE Touch probe 2 command control word
= Compare command %QB15 BYTE Comparison command control word
"¢ Start ®WOX15.0  BOOL
] Enable %QX15.1  BOOL
"¢ Reset ®WOX15.2  BOOL
] Compare Value %0QD4 DINT Comparison value
"¢ Compare Output Keep Value  %QW10 UINT Hardware output holding value of comparison result
"% Compare Output Unit %QB22 EVTE Comparison output holding unit: 0—100us, 1—puise

Reset Mapping Always updatevariables |Enabled 1 (use bus cyde taskif not used in any task)

{p = Create new variable " = Mapto existing variable

Bus Cycle Options
Bus cycle task MainTask N

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 complete
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 0.5us (2*0.25ps) by default.
Figure 4-8 External Interrupt Input Configuration

Filter (0. 25 us) Interrupt input

x0: 2 s x1: 2 o 2 o 2 3 O £ PO £ 1T O £ _{._ Ox £
i 118 T

¥ 2 Ll xs5: |2 S oxe:r 2 2 x7: 2 S
@ £

@xs 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 4-9 Task Triggering by an External Interrupt

[ T™M7Ex-HSIO & Task x

Configuration

Priority { 0..31 )z 2

Type
| & External v External evernt |inOInterrupt
inOInterrupt
inlInterrupt
Watchdog in2Interrupt
— in3Interrupt
[_|Enable indInterrupt
Time (e.g. t¥200ms) inGInterrupt
inFInterrupt
Sensitivity 1
gk Add Call 3 Remove Call [2{ Change Call Move 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 (plus the power relay). The TP6000 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.

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
Digital Output -
Module FL2003 32-channel digital output module, source output
FL2102 16-channel digital output module, sink output

202409 (V1.0)

68



INVT Medium and Large-scale PLC Software Manual Hardware Configuration

Module Name Flex Series Module Description
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 and TP6000 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 4-10 Adding a Coupler Manually

[ Add Device X

Name | \J

Action

© Appenddevice () Insert device (0) Update device

String for a fulltext search vendor <Al vendors> ~

Mame
= m Fieldbuses
=/ gut EtherCAT
= ﬁslave
+--[_l Bosch Rexroth AG
+-[_d Delta Electronics, Inc.
+--[ 1l Festo
+- | Hitachi Industrial Equipment Systems Co. Ltd.
+--[ 4 ifm electronic -ifm electronic EtherCAT Devices
= L INVT
="l EtherCAT Coupler
ﬂj EtherCAT Slave Module
iWl FK1100_ECT_Copuler_1.0.2.0
iV FK1100_ECT_Coupler_1.0.5.1

*- L4 Inverter
+- [l Servo Drives
+- [ &Rk
+- [ KEB Automation KG - C6 PROADVANCED drive controllers

+--|_ Panasonic Corporation, Appliances Company - AC Servo Driver

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

Flease select a device from the Ist above,
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Step 2 Select the FK100_ECT_Coupler in the device tree, click Add Device, select the required module in
the Module Device column, and click Add Device to add it into the device tree.

Figure 4-11 Adding an Expansion Module Manually

[ [ Add Device
Name FL1001_1600D1
Action
l © Appenddevice () Insert device (0) Update device
|
String for a fulltext search Wendor <Al vendors> &2
Mame Vendor Version Description
= m Figldbuses
= oo EtherCAT
= nﬁ Maodule

ﬁ INVT 1} EtherCAT Module imported from Slave XML: FK110C
m FL1002-3200D1 INVT a EtherCAT Module imported from Slave XML: FK110C
m FL2002-00160P INVT i} EtherCAT Module imported from Slave ¥ML: FK110C
ﬁ FL2003-00320P INVT i} EtherCAT Module imported from Slave ¥ML: FK110C
ﬁ FL2102-00160N INVT 1} EtherCAT Module imported from Slave XML: FK110C
m FL2103-00320M INVT a EtherCAT Module imported from Slave XML: FK110C
m FL2201-00080DR INVT a EtherCAT Module imported from Slave XML: FK110C
ﬁ FL3003-44D INVT i} EtherCAT Module imported from Slave ¥ML: FK110C
ﬁ FL3103-4PT INVT 1} EtherCAT Module imported from Slave XML: FK110C
m FL3203-4TC INVT a EtherCAT Module imported from Slave XML: FK110C
m FL4003-4DA INVT a EtherCAT Module imported from Slave XML: FK110C
ﬁ FL5005-16160F INVT i} EtherCAT Module imported from Slave ¥ML: FK110C
ﬁ FL5105-16160N INVT 1} EtherCAT Module imported from Slave XML: FK110C
m FLE002-2E5 INVT a EtherCAT Module imported from Slave XML: FK110C
m FLB112-2F1 INVT a EtherCAT Module imported from Slave XML: FK110C
m FLE121-1E1 INVT i} EtherCAT Module imported from Slave ¥ML: FK110C

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

m Name: FL1001-1600D1
Vendor: INVT
Categories: Module
Version: 0
Order Number: FL1001-160001
Description: EtherCAT Module imported from Slave XML: FK1100
_ECT_Coupler_1.0.5.1_BYTE.xml Device: FL1001-160001

=

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

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

Right-click Device in the device tree, choose Add Device, select the required module in the Dedicated
Device bar, and click Add Device to add it into the device tree.
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Figure 4-12 Adding an Expansion Module to the PLC

| @ Add Device

= |

Name AX_EM_00180N

Action

© Append device Plug device () Update device

String for a fulltext search Vendar <Al vendors> ~

*

+
+
*
*
*

Name

= [ Miscellaneous

(24 Analog IO Module
(24 Digital I0 Module

Vendor  Version

| [ax_em_oo1e0n T 1110

[ ax_ev_oo160P
[ ax_em_1s000
[ FL1001-150001
[l FL1002-320001
[l FL2002-00160P
[l FL2003-00320P
[l FL2102-00160N
[ FLz103-00320M
[ FLz201-00080R
[ FLs005-15160P
[ FLs105-15160M

[ HSIOfEtR

[ SR

(23 Modbus RTU

(2 Medbus TCP

[ Temperature 10 Module

VT 1110
INVT 1110
INVT 1.0.0.0
VT 1.0.0.0
INVT 1.0.0.0
VT 10.0.0
VT 10.0.0
VT 10.0.0
VT 10.0.0
VT 1.0.0.0
INVT 1.0.0.0

Description

AX_EM_D016DN for the DO module

A¥_EM_0016DP for the DO module

AX_EM_1600D for the DI module

16 Channels Digital Inputs Module

32 Channels Digital Inputs Module

16 Channels Digtal Outputs PNP Module

32 Channels Digtal Qutputs PNP Module

16 Channels Digtal Qutputs NPN Module

32 Channels Digtal Qutputs NPN Module

8 Channels Digtal Qutputs Relay Module

16 Channels Digital Inputs 16 Channels Digital O

16 Channels Digital Inputs 16 Channels Digital O1
16 Channels Digital Inputs 16 Cha

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

i

Name: AX_EM_00 160N
Vendor: INVT
Categories:
Version: 1.1.1.0

‘Order Number: AX-EM-00160N
Description: AX_EM_0016DN for the DO madule

Device

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

| Append selected device as last child of

Add Device Close

Devices

- 1 M

=[5 ISTD Test 135
=[] Device (TM753)

Auto scan

Fault diagnosis summary

PLC Logic

Variable usage

Ax8x_HSI {TM75x-HSIO)

FL1002_3200DI (FL 1002-3200DI)

vEEEEaEEEEEREEROE LD

FL2103_00320M {FL2103-00320N)
FL3203_4TC (FL3: FL1002_3200DI1
FL1001_1600D1 {FL1001-1600D1)
FL4003_4DA (FL4003-4DA)
FL3003_4AD (FL3003-4AD)
FL3103_4PT (FL3103-4FT)
FL5005_16160P (FLS00S5-16 160F)
FL5105_16160M (FL5105-16160M)
ModuleScan (ModuleScan)

SoftMotion General Axis Pool
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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 Connectto 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 4-13 Scanning Couplers and Expansion Modules

Scan Devices [m] x
Scanned Devices
Device name Device type Alias Address
= FK1100_ECT Coupler  FEL1O0_ECT Coupler 1.0.5.1 15
FL&112_ZET FL&112-2ET
~— oNOW AlITerences TO
[I] s
Scan Device Copy All Devicez to Frojec

Figure 4-14 Couplers and Expansion Modules Added after Scanning

Devices * 1 X
=5 Untitleds =
=[] Device (TM753)
D Auto scan

D, Fault dizgnosis summary
+-El pLC Logic
|j Variable usage
m TM75x-HSIO (TM75x-HSIO0)
m FL2201_00080DR. (FL2201-00030R)
m FL2201_000BDR_1 (FL2201-00080R)
ﬁ ExtCard (ModuleScan)
= ﬁ EtherCAT_Master (EtherCAT Master SoftMotion)

=i |FK1100_ECT_Cuupler (FK1100_ECT Coupler_1.0,5.1)

ﬂj FLE112_2FT (FL6112-2ET)
"2 SoftMation Genera FL6112_2EI (FL&112-2EI) J

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

Tools  Window  Help

Figure 4-15 PLC Backplane Scanning

=1 " | | Application [Device: PLC Logic] ~ % &4
7 pevee 1) Autoscan x
E
Seral | Dewce Device Device Pos Device type(exist) D me(exist) tin configurati Is add to configuration %R
» 36947 1.0.0.0 FL1002_3200D1 1 [m]
2 36063 10.0.0 FL2103_0032DN 2 @]
3 37033 10.0.0 FL3203_4TC 3 o
+ 36946 1.0.0.0 FL1001_1500D1 4 [m]
5 37001 10.0.0 FLa003_aDA s @]
6 36993 10.0.0 FL3003_#4D 6 o
7 37025 10.0.0 FL3103_4T 7 [m]
s 36978 10.0.0 FL5005_16160P s @]
il 36982 10.0.0 FL5105_1518DN s o
iUl 0 10 [m] [m]

4.2.2 Digital Input Module

The digital input module is mainly used to configure filter parameters and has I/O Mapping, Status, and
Information pages. Generally, you only need to map the I/O variables on the /0 Mapping page to obtain the
digital input values. The 32-point digital input module is taken as an example in the figure below.

e  Filter parameters: 10 ms (1000*10 ps) by default.

(7] FL1002_3200D1 x

| 320001 Settings

Figure 4-16 Input Module Configuration

| PCI-Bus IEC Objects

CPU DI32 Parameters

CPU DI32 I[fO Mapping

Status

Information

Filter Settings

Filter 0

Filter 1

Filter 2

Filter 3

Slot{Compiled): 0

1000

1000 =

1000 =

1000 =
Version V-

{10us)

{10us)

{10us)

{10us)
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e DI321/0 mapping: You can get the input state through the BYTE or BOOL type.
Figure 4-17 Variable Mapping of the Input Module

[ FL1002_3200D1 X

320001 Settings Find Filter Show all + ok Add FB for
PCL-Bus IEC Objects Variable Mapping Channel  Address Type Unit  Description
= DID %IB2 BYTE
CPU DI32 Parameters ’@ 0 oeIN2.0 BOOL
* 1 %I%2.1 BOOL
CPU DI32 /O Mapping 4y - 2.2 —
s % 13 K23 BOOL
% 14 LIND.4 BOOL
Information @ 15 %LIX2.5 BOOL
R/ 16 %IN2.6 BOOL
R/ 7 K27 BOOL
oty DI1 %IB3 BYTE
o4 D12 %IB4 BYTE
L ] DI3 %IBS BYTE
* DIErrld  %IW3 WORD

@ = Createnew variable % = Mapto existing variable

Bus Cycle Options
Bus cycle task MainTask V

4.2.3 Digital Output Module

The digital output module is mainly used to set the output state selection after stopping and has 1/0
Mapping, Status, and Information pages. Generally, you only need to map the 1/O variables on the I/O
Mapping page to obtain the digital output values. The 16-point digital output module is taken as an example
in the figure below.
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Figure 4-18 Output Module Configuration

[7) FLS105_1616DN X

Close

1616DN Settings Channel 1

Filter 0 1000 = [10us]

PCI-Bus IEC Objects

00 Qutput status after 01 Output status after 02 Qutput status after 03 Qutput status after
STOP / POWER. FAILURE STOP / POWER. FAILURE STOP f POWER. FAILURE STOP / POWER FAILURE
CPU DI|DO 16 Parameters
© Holding © Holding © Holding © Holding
CPU DI|DO 16 IO Mapping () Resetting (C) Resetting (C) Resetting (C) Resetting
() Presetting () Presetting () Presetting () Presetting
Status
04 Qutput status after 05 Qutput status after 06 Output status after 07 Qutput status after
T T STOP / POWER FAILURE STOP / POWER. FAILURE STOP / POWER. FAILURE STOP / POWVER. 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 [ POWER FAILURE STOP f POWER FAILURE STOP | POWER FAILURE
0 Holding © Holding © Holding © Holding
() Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting () Presetting
14 Output status after 15 Output status after 16 Output status after 17 Output status after
STOP [ POWER FAILURE STOP [ POWER FAILURE STOP / POWER FAILURE STCOP / POWER FAILURE
© Holding © Holding © Holding © Holding
() Resetting () Resetting () Resetting () Resetting
() Presetting () Presetting () Presetting () Presetting
Slot{Compiled): 0 Version  We---

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

(7] FLS105_1616DN X

1616DN Settings Find Filter Show all ~ =k Add FB for 1O Channel...
PCLBus IEC Objects Variable Mapping Channel  Address Type Unit  Description
=g DIO %IBI4 BYTE
CPU DI|DO 16 Parameters 4 0 %1%54.0 BOOL
H 81 %IX94. 1 BOOL
CPU DI|DO 16 /O Mapping g 2 uING4.2 —
Status H 13 %IX94.3 BOOL
i 14 %IXG4.4 BOOL
Information ’@ 15 %eIN94.5 BOOL
H 6 %IXG4.6 BOOL
H 17 %IX94.7 BOOL
+ My DI1 %IB95 BYTE
H DI_Errld IW43 WORD
+-Tig DO0 %QB16 BYTE
+- Ty Do1 %QB17 BYTE
H DO_Errld  %IW43 WORD

Figure 4-19 Variable Mapping of the Output Module

4.2.4 Analog Input Module

B General Configuration

The analog input module includes 4 channels, each of which has parameter configuration and 1/0 mapping
register (16 bits) settings. Only one channel of each module is described below.
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(1) FL3003_4AD x
4AD Settings

Fault diagnosis
PCI-Bus IEC Objects
CPU AT4 Parameters
CPU A14 If0 Mapping
Status

Information

(& Chanel 0

Chanel Eable [ Break Chack

) Over Range [ Post Filter
Mode 05V (0~20000) ~
= Chanel 1

Chanel Eable [ Break Check

(] Over Range [C) Post Filter

Mode 0~10V (0~20000) ~

(3 Chanel 2
Chanel Eable Break Check
) Over Range ) Post Filter

Mode  4~20mA (0~20000) -

= Chanel 2
M Chanel Eable (] Break Ched
hanel Eabl B k Check

(] Over Range (] Post Filter

Mode -10~10V (-20000~200( ~

Slot{Compiled): 0 Version V-

Figure 4-20 Analog Input Module Configuration

[ Over Limit

Filter Param £

[ ower Limit

Filter Param 8

() Over Limit

Filter Param E

[ ower Limit

Filter Param 8

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.

| (1~255)
| (1~255)
s (1~255)

Ak

(1~255)

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 the analog input channel performs disconnection detection.
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.

®  Over-limit detection: Set whether the analog input channel performs over-limit detection.

e  Over-range detection: Set whether the analog input channel performs over-range detection.

e  Enhanced filtering: Set whether the analog input channel uses enhanced filtering.

®  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.
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Figure 4-21 Variable Mapping of the Analog Input Module

[f] F3003_aaD x

4AD Settings Find Filter Show all - o= Add
Fault diagnosis Variable Mapping Channel Address Type Unit  Description
L A0 %IW2z4  INT
PCI-Bus IEC Objects i All IW25 INT
L A2 %IW26  INT
CPU AI4 Parameters 4y ALZ LI 2T INT
CPU A4 /O Mapping 4 AID_Err %IW28  WORD
4 AILErr  %IW23  WORD
Status 8] AIZ Err %IW30  WORD
8 AI3 B %%IW31  WORD
Information
Figure 4-22 4AD Information Interface of the Analog Input Module
[{] FL3003_4AD x
4AD Settings General
Name: FL3003-4AD
Fault diagnosis Vendor: INVT
Categories:
PCI-Bus IEC Objects Type: 36993
ID: 1631 2081
CPU A4 Parameters Version: 1.0.0.0
Order Number: FL3003
CPU AI4 /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
-10vV-10V -20000—+20000
. ov-10V 0-20000
Analog voltage input
-5V—+5V -20000—+20000
0v-5V 0-20000
-20mA-20mA -20000-20000
Analog current input O0mA-20mA 0-20000
4mA-20mA 0-20000

4.2.5 Analog Output Module

®  General Configuration

The analog output module includes 4 channels, each of which has parameter configuration and I/0 mapping
register (16 bits) settings. Only one channel of each module is described below.
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Figure 4-23 Variable Mapping of the Analog Output Module

(7] FLa003_4DA x

404 Settings E Chanel 0O
Fault diagnosis @ chanel Eable ) Output fault check
Mode OreSY (0r20000) e

PCI-Bus IEC Objects
Output status after STOP [ POWER FAILURE

CPU AQ4 Parameters © Hold Output

() Output Reset
CPU 404 1/0 Mapping (C) Output Preset
Status

[ Chanel 1
Information
@ Chanel Eable [ Output fault check
Mode Ore 10V (0r20000) w

Cutput status after STOP / POWER FAILURE
© Hold Output

() Output Reset
(C) Output Preset
(B Chanel 2
@ chanel Eable ) Output fault check
Mode -10~10V (-20000~20000) =

Cutput status after STOP / POWER FAILURE
© Hold Output

() Output Reset
(C) Output Preset
[ Chanel 3
@ cChanel Eable ) Output fault check
Mode 4re20mA (0~20000) W

Output status after STOP [ POWER FAILURE
© Hold Output

() Output Reset

() 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
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
Analog voltage -10-10V -20000-+20000
output 0-10V 0-20000
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Type Enter the Rated Range Rated Corresponding Digital Quantity
-5-+5V -20000—+20000
0-5V 0-20000
Anal ¢ 4-20 mA 0-20000
n rren
alog curre 0-20 mA 0-20000
output
-20-20 mA -20000—+20000

®  4DA1/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 4-24 Variable Mapping of the Analog Output Module

[1] FL4003_4aDA x

4DA Settings Find Filter Show all - ok Add FB
Fault diagnosis Variable Mapping Channel  Address  Type Unit  Description
i AOO %OW3 INT
PCI-Bus IEC Objects "% AO1 %eQW4 INT
" AQ2 %OWS  INT
CPU AQ4 Parameters " A03 QWS INT
CPU A04 /O Mapping R ] AQD_Err el 20 WORD
R AOQ1_Frr %elvi21 WORD
Status ”@ AD2 _Err %IV 22 WORD
R ] AQ3_Err eIV 23 WORD
Information

®  Information

It displays the basic information of 4DA module devices: name, manufacturer, group, type, ID, version,
model number, and description. In addition, after login, the Information interface 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.

Figure 4-25 4DA Information Interface of the Analog Output Module

(1] FL4003_4DA X

4DA Settings General
Mame: FL4003-4DA
Fault diagnosis Vendor: INVT
Categories:
PCI-Bus IEC Objects Type: 37001
ID: 1631 2088
CPU AO4 Parameters Version: 1.0.0.0
Order Number: FL4003
CPU 404 /0 Mapping Description: 4 Channels Analog Cutputs Module
Status

Information
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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, 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
a4TC channel is shown in the figure below.

Figure 4-26 4TC Temperature Module Configuration

[l FL3203_a1C %

4TC Settings Close

Temperature Unit Setting

Fault diagnosis © Centigrade(=C) () Fahrenheit degree(“F)

PCI-Bus IEC Objects E Chanel 0

CPU TC4 Parameters Chanel Eable

CPU TC4 /0 Mapping Filter Param (3 | (1255 ] @wer Range

Status Offset (°C) 0.0 = L R ER

formatian Mode " o Upper Limit (°C) [1370.0 | -27071370
Lower Limit (°C) |270.0 3| -z270"1370

e  Temperature unit: The unit used by the temperature module input, which supports Celsius or
Fahrenheit.

e 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.

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 to 204.7.
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®  1/0O mapping

Different types of temperature modules contain different numbers of channels and 10 mappings. The figure
below shows the 1/0 mapping interface of 4TC. The parameter value of each channel is the temperature
value.

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

[ F3203_4a1C x

4TC Settings Find Filter Show all » ok Add FB f
Fault diagnoss Variable Mapping Channel Address  Type Unit  Description
Tempd %103 REAL
PCI-Bus IEC Objects Templ %eID4 REAL
Temp2 %ID5 REAL
CPU TC4 Parameters Temp3 ouIDs REAL

Tempd_Errld Yol 14 WORD
Temp1_Errld FlW15 WORD
Temp2_Errld Yl 16 WORD
Temp3_Errld IW17 WORD

CPL TC4 I/O Mapping

Status

s T &

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, temperature offset, and other parameters of each
channel.

B 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 below.

Figure 4-28 4PT Temperature Module Configuration

[ FL3103_4PT x

APT Settings Temperature Lnit Setting
i (] i o
Fault diagnosis © Centigrade(*C) (_) Fahrenheit degree{*F)
PCI-Bus IEC Objects B Chanel 0
CPU PT4 Parameters @ chanel Eable Hot Wire type @ 2-Wire () 3-Wire () 4-Wire
Filter Param |3 2 (1233 ) Over Range
CPU FT4 IfO Mapping
Offset (°C) 0.0 2| -z04. 573047
Status Upper Limit (=C) [850.0 % | -2007850
R Mode Lower Limit (°C) [-200.0 2| -zo07s30
= Chanel 1

e Temperature unit: The unit used by the temperature module input, which supports Celsius or
Fahrenheit.

e Channel enable: The channel can only be used after it is enabled.
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Thermal resistor wiring mode: 2-wire, 3-wire, or 4-wire.

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.

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.

Offset value ((°C): It is used to set the temperature module offset compensation value, ranging

from -204.8 to 204.7.

® /0O mapping

Different types of temperature modules contain different numbers of channels and 10 mappings. The figure
below shows the 1/0 mapping interface of 4PT. The parameter value of each channel is the temperature

value.

Figure 4-29 Variable Mapping of the 4PT Temperature Module

[T FL3103_4PT x

4PT Settings Find Filter Show all ~ ok Add FB 1
Fault diagnosis Variable Mapping Channel Address  Type Unit  Description
A Tempo %ID16 REAL
PCI-Bus IEC Objects p Templ %ID17 REAL
i Temp2 %1018 REAL
| CPL PT4 Parameters 4 Temp3 %013 REAL
| CPU T4 /O Mapping A Temp0_Errld %IV40 WORD
B Temp1_Errld %el41 WORD
Status 4 Temp2_Errld WIW42 WORD
p Temp3_Erld  %IW43  WORD
Information
®  Information
Figure 4-30 Information Interface of the 4PT Temperature Module
[ FL3103_4PT x
4PT Settings General
Name: FLI103-4FT
Fault diagnosis Vendor: INVT
Categories:
PCI-Bus IEC Objects Type: 37025
ID: 1631 20A1
CPU PT4 Parameters Version: 1.0.0.0
Order Number: FL3103
CPU PT4 /O Mapping Description: 4 Channels Resistance Temperature Detector Inputs Module
Status
Information
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Table 4-6 Supported Sensor Types and Measurement Ranges

ltem e Temperatur.e Range in Temperature R?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 (Recommended Value)

If the created project contains multiple functional modules, create multiple tasks and set the task priority as
follows. For the recommended value of task priority, see Table 4-7.

Figure 4-31 Example of Project Task Priority Setting

Devices

-1 x

=) Unttleds
=[] Device (TM753)
D Auto scan
D‘ Fault diagnosis summary
= @U PLC Logic
=1L} Application
@ o
m Library Manager
PLC_PRG (PRG)
B¥] Pou (PRG)
= ﬂ Recipe Manager
Q Recipes
B2 Symbol Configuration
= @ Task Configuration

-

= [ EtherCAT Task

) pou
= @ MairTask
& pLC_PRG
G{ﬁ Trace
T PersistentVars

% EtherCAT Task x

Configuration

Priarity { 0.31 ): o

Type

|® Cyclic ~

Watchdog
(] Enable

Time (e.g. t#¥200ms)

Interval (e.g. t#200ms) 4

Sensitivity
ok Add Call Remove Call [& Change Call Move Up Move Down Open POU
POU Comment
] Fou

S EtherCaT Task

) e pac
af Trace
T pessistentyars
) Variobie usage
= (@ mrscsIo (M7sx+SIO)
@ countero tHspeadCounter)
@ Counter1 fSpeedCounter)
@ PL2201_00080R (FL201-000808)
{# RL003_4DA (FL4003-4DA)
[ Extcard (scanbociie)

poU
&) mic prc

d Add Call X Remove Call _#f Change Call P A - Open POU
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Table 4-7 Priority Setting

Function Module

Recommended Priority

PlcCfg Module 31
Modbus TCP 15-30
Modbus RTU 15-30
High-speed 1/0 (default configuration to 1
MainTask)
Analog input/output 1-15
Temperature Module 1-15
EtherCAT 0
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5 Network Configuration

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

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

Devices > 3 X @ Add Device %
=1 unotieds ~|| m
@ T — Name Modbus_TCP_Masterl
= Device
Copy Action
1 Auto scan i )
Dact, © Append device () Update device
2 Fault diagno! rasts =
< Bl pLcLogc | 7~ Delete String for a fulltext search Vendor  <all vendors>
=1k Applic Refactoring » Name Vendor Version Description
@ o= . = (il Miscellaneous
i) Libr e + 3 Analog IO Module
PLC i) Add Object » +- [ Digital 10 Module
) ro 2 Add Folder.. + Caotie
" +- [ HsHEER
= Re [ Add Device.. # (23 Modbus RTU
@ Update Device... = [ Modbus TCP
ns o T EditObject w100
= @ Tas . . Modbus TCP Master2 VT 1.0.0.0
& Edit 10 mapping Modbus TCP Slave Devieel  INVT 10.0.0
= Import mappings from CSV... ModbusTCP Slave Device2 T 1.0.0.0
Export mappings to CSV.. #[3 Temperature 10 Module
Sy .
| 3 Online Config Mode... LR
+ 0 iR
& Tra Reset Origin Device [Device] 4 [ Fieldbuses
T rper Simulation
= SV

Double-click the master device Modbus_TCP_Master 1 in the device tree to open the Modbus master
configuration window, as shown in the figure below. 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.
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Table 5-2 Modbus TCP Master Settings

lodbusTCP master settings

Frame interval(ms) |1 =

(1~1000)

Devices > b X [ Modbus_TCP_Master1 x
=5 Lnbtedd =
=) Device (M753)
D Auto scan

Q Fault diagnosis summary

ModbusTCP mastersettings

PCI-Bus IEC Objects

= @ﬂ PLC Logic Internal Parameters
+{C} Application
D Variable usage S

(4] ™7Sx-HSIO (TM7Sx-HSIO)

[ FL1002_3200DT (FL1002-320001)

ﬂj FL2103_0032DN (FL2103-0032DN)

m FL3203_4TC (FL3203-4TC)

m FL1001_1600D1 (FL1001-1600DI)

[ FL4003_aDa (FL4003-408)

[ FL3003_2AD (FL3003-2AD)

[0 FL3103 4T (FL31034PT)

m FL5005_1616DP (FL5005-1616DF)

[ FL5105_1616DN (FL5105-1616DK)

Elj ExtCard (ModuleScan)

= ﬂj EtherCAT_Master (EtherCAT Master SoftMotion)
e m INVT_DA200_265 (DA200-M EtherCAT(CoE) Drive

Information

= m INVT_DA300_101 (DA300-N EtherCAT(CoE) Drivj
Elj Modbus_TCP_Master 1 (Modbus TCP Master1)
"3 SoftMotion General Axis Pocl

The number of variables accessible by ModbusTCP is defined as follows:
e Read coils (0x01): quantity of coils: 1-2000 (0x7DO0)

® Read discrete coils (0x02): quantity of coils: 1-2000 (0x7D0)

e Read holding registers (0x03): quantity of registers: 1-125 (0x7D)

e Read input registers (0x04): quantity of registers: 1-125 (0x7D)

e Write single coil (0x05)

e Write single register (0x06)

e Write multiple coils (0xOF): quantity of coils 1-1968 (0x7B0)

e Write multiple registers (0x10): quantity of registers: 1-123 (0x7B)

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 (0x7DO0)
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 (0xOF) 1-1968 (0x7B0)
Write multiple registers (0x10) 1-123 (0x7B)

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.
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Figure 5-3 Adding a Modbus TCP Slave

Devices v 3% [ Modbus_TCP_Masterl x
=5 thited? hd
=[] Device (M753) ModbusTCP mastersettings
[ auto sean PCI-Bus IEC Objects
Q Fault diagnosis summary
=2 PLC Logic Internal Parameters
+-4C} Application
Stah
D Variable usage ats
[0 ™75x-HSIO (TM75x-HSI0) -
[f FL1002_320001 (FL1002-3200D1) . .
Add Devi X
ﬂj ExtCard (ModuleScan) @ vice
= ﬂj EtherCAT_Master (EtherCAT Master SoftMotion) Name Modbus_TCP_Slavel
4 ﬂi INVT_DA200_265 (DA200-N EtherCAT(CoE) Drive V26 Action
# [ ™VT_DA300_101 (DA300-N EtherCAT(COE) Drive) 0 Append device () Insert device O Update device
[ Modbus_TCP_Master1 (Mods Copy String for a fullst search Vendor <l vendors> v
& SoftMotion General Axis Pocl Paste Name Vendor Version Description
% Delete = (@ miscelaneaus
) = [ Modbus TCP
Refactoring 3 (@ Modbus TCP Slave1  INVT 1.0.0.0
L . (@ Modbus TCP Slavez  INVT 1.0.0.0
Properties..
Add Object
=) Add Folder... EGrUuD by category (] Display all versions{for experts only) (] Display outdated versions
| Add Device.. @ Name:Modbus TCP Siavet
Disable Device Vendor: INVT
. Categories: -
Update Device... Version: 1.0.0.0 ﬁ]
. . . )
[ Edit Object Order Number:
Description:
Edit IO mapping
Import mappings from CSV... Append selected device as last child of
. Modbus_TCP_Master1
Export mappings to CSV...
@  (You can select another target node in the navigator while this window is open.)
#] Visual Element Repository
|

m  Setting the Modbus TCP Slave
Figure 5-4 Setting the Modbus TCP Slave
[# Modbus_TCP_Slavel x
ModbusTCP slave settings

Modbu=TCF =lave settings
ModbusTCP communicationsettings

Fault diagnosis IF address 192 . 185 . 1 .
PCI-Bus IEC Objects Fort i =
Internal Parameters Station number 1 5
{07zEE)
Status -
Timeout{ms) 1000 -
Information (27655350
Slave enable 4001 5
variable SM {0" 7993)

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
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Parameter Function

Protocol node number for connecting the master to the Modbus TCP

Node number
slave

After the master sends a frame, if the slave does not respond within the

Timeout period (ms) . . L
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 the figure below. 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

[{J Modbus_TCP_Slavel x -

ModbusTCP slave settings A Name Function code Enable type  Enable variable(SM)  Cirde time(ms)  ReadAddress Readlength Errorhanding  WriteAddress  WriteLen... Retry times Comment

0 Channel 00 (0x03) Read holding registers  Loop execute (0x0064) 100 1 Keep last value

ModbusTCP communicationsettings
Fault diagnosis

PCI-Bus IEC Objects

Internal Parameters

Internal /O Mapping

Status

Information

Add Delete Edit Export EXCE import

e 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.

e  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.

e  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.
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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

Basze config

Hame
Function code

Enable tupe

Circle time(ms)

Retry times

Read
Address(Hex)

Error handling

Yrite
Address(Hex)

Madbus communication settings

Charmel 00

(0x03) Read holding registers ~
Loop execute ~
100 2| Enable variable(SM) =
(1765535] (077999)

1 % Comment

100 Length(¥ORD) |1 S
(0" 0«FFFF) (17125)

Keep last value w
1] Lengzth{WOED) 1 =

e

Table 5-3 Description of Modbus TCP 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 0x15)
Write multiple registers (function code 0x16)

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)
. If a communication failure occurs and no slave return frame is obtained,
Retry times L . .
resending is performed according to the retry times.
Comment A short text area that describes the data
Starting
The starting position of the register read
address &p &
Read -
register Length | Number of registers read
Error Keep the last value: Keep the data at the last valid value
processing | Set to 0: Set all values to zero
Writ Starting The starting position of the register written
rite
ist address &P &
register
8 Length | The length of the register written

202409 (V1.0)

89



INVT Medium and Large-scale PLC Software Manual Network Configuration

®  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 1/0
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 1/O addresses by
using the Input Assistant or by directly entering the example variable path.

Figure 5-7 Internal I/0 Mapping for Modbus TCP Master Connection to Slave

ModbusTCP slave settings Find Fites Show all

Address Type
WOWH  ARRAY [0..29] OF WORD
WIWS2  ARRAY [0.,19] OF WORD

Mapping ~ Channel Unit  Description
» Channel 01
Charnel 00

Variab
MogbusTCP commenicationsetongs || (o0
. (010 rte mudtple regiters

Fault diagnosis ] (0x017) Read holding regaters

Satus

Infarmatian

bles | Enabled 1 (use bus cyde task IFrot usedin any task)

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.

Figure 5-8 Adding a Modbus TCP Slave

Devices * 3 X
= Ungitled? -
=[] Device {TM753)
[ Auto scan Copy T8 Add Device % |
O‘ Fault diag gasie Name  Modbus_TCP_Slave_Devicel
=2 PLC Logic| ¢  Delete Acton
- ! @ Append device () Update device
-1 -
GF Appl Refactoring »
Ij Variable u String for a fulltext search Vendor <Al vendors:> -
= Proper‘ties... Name Vender Version Description
=]
[ ™75x-Hs ¥ [ vsiofitk
[ FL1002_3| 3 Add Object N + [ ot
+ - [4 Modbus RTU
[0 ExtCard (| ) Add Folder... ‘ =-(22 Modbus TCP
= EtherCAT | o [l Modbus TCP Master1 T 1.0.0.0
m Add Devlce m Modbus TCP Master2 T 1.0.0.0
*- i mvr Update Device... poctus TP savepener [wwr 1000
Ei ModbusTCP Slave Device2 T 1.0.0.0
(@ mvr [ Edit Object 1.8 it e 12 i
= Modbus_T 8 Group by category (] Display all versions (For experts anly) (] Display outdated versions
m Modb Edit IO mapping @  mName:Modbus TCP Slave Device1
. Vendor: INVT
% Softhoto Import mappings from CSV... — | <
. Version: 1.0.0.0 ﬁ
Export mappings to CSV... Order Number: 772 Y
° .
.\ Onllne Conﬂg MOdE"' Append selected device as last child of
Device
Reset Origin Device [Device] @  (You can select another target node inthe navigator while this window is open.)
Simulation Close

Double-click the slave device in the device tree to open the Modbus TCP slave configuration window, as
shown in the figure below.
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Devices

Figure 5-9 Modbus TCP Slave Settings

> 3 [ Modbus_TCP_Slave_Devicel x

=3 Untiteds
=[] pevice (TM753)

D Auto scan
O‘ Fault diagnosis summary

== pLC Logic
+ 1} Application
D Variable usage
[T ™75x-HSIO (TM75x-HSIO)
[ FL1002_320001 {FL1002-320001)
m ExtCard {ModuleScan)

-

ModbusTCPslave devicesettings

Fault diagnosis

PCI-Bus IEC Objects

Internal Parameters

Status

Information

ModbusTCP slave device settings

502 z

(178EE35)

Frame interval(ms) 1 z

(1710003

= m EtherCAT_Master (EtherCAT Master SoftMotion)
-] INVT_DA200_265 (DA200-N EtherCAT(COE) Drive 26
# [ INVT_DA300_101 (DA300-N EtherCAT(COE) Drive)
= m Modbus_TCP_Master 1 (Modbus TCP Master 1)
m Modbus_TCP_Slave1 (Modbus TCP Slavel)
m Modbus_TCP_Slave_Device 1 (Modbus TCP Slave Device1)
" softMotion General Axis Pool

Table 5-4 Modbus TCP Slave Parameter Settings

Station number 1 -

Parameter

Function

Port

TCP port number of the Modbus TCP slave

Frame interval

(ms)

The delay time for the Modbus TCP slave to send a response frame after

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 Function Codes

TCP Master Address name T 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

%_X 195.7-195.0 194.7-194.0 193.7-193.0 192.7-192.0
%_B 195 (8 MSBs) 194 (8 LSBs) 193 (8 MSBs) 192 (8 LSBs)
%_W 97 (16 MSBs) 96 (16 LSBs)

%_D 48

5.1.4 Modbus TCP Device Diagnosis

The Modbus TCP master device diagnosis interface displays slaves and communication parameters with

errors.
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Figure 5-10 Modbus TCP Master Device Diagnosis Interface
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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.

The number of variables accessible by Modbus RTU is defined as follows:
® Read coils (0x01), number of coils 1-2000 (0x7D0)

® Read discrete coils (0x02), number of coils 1-2000 (0x7D0)

e Read holding registers (0x03), number of registers 1-125 (0x7D)

® Read input register (0x04), number of registers 1-125 (0x7D)

e Write single coil (0x05)

e Write single register (0x06)

e Write multiple coils (0xOF): quantity of coils 1-1968 (0x7B0)

e Write multiple registers (0x10): quantity of registers: 1-123 (0x7B)

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

Variable Qty.
Read coils (0x01) 1-2000 (0x7DO0)
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 (OxOF) 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
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+
m INVT_DA - @ Group by category (] Display all versions (for experts only) (] Display outdated versions
= m Modbus TCP_ Edit IO mapping [ name:Modbus Master1
. Vendor: INVT
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2 SoftMotion Ge e :
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Simulation 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.

Figure 5-12 Modbus Master Settings

[# rModbus_mMasterl x

Modbus master settings

Serial port settings Modbus master settings

Modbus broadcast settings

. Baudrate 15200 > Frame interval(ms) |3 v
PCI-Bus IEC Objects
3~200
i i EVEN =t
Internal Parameters Prity bit
Status Data bit 8 -
Infarmation Stop bit 1 bl

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
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5.2.2 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 5-13 Adding a Modbus RTU Slave When the Port Is Used as a Master

= m Modbus_TCP_Master 1 (Modbus TCP Master 1)
Ij’j Modbus_TCP_Slavel (Modbus TCP Slavel)
m Modbus_TCP_Slave_Device1 (Modbus TCP Slave Devicel)
m Modbus_Master 1 (Mpsmsammim—a (@ Add Device x|

Copy
2 SoftMotion General
o Name  Modbus_slavel
Paste
Action
¥ Delete © Append device () Insert device () Uptiata devics
RB"E cto ri ng » String for a fulltext search vendor <Al vendors> w
Name Vendor Version Description
Properties... = [ scelaneous
=4 Modbus RTU
Add Object (@ Modbus Slaver TNV 10.0.0  Description of the Modbus Slave1
(i Modbus Slave2 T 1.0.0.0  Description of the Modbus Slave2
) Add Folder...
| Add Device...
@ Group by category ] Display all versions{(for experts only) (] Display outdated versions

Disable Device

[ mame:Modbus Slavel

Update Device... Vendor: T
u = - Categories: e
L1 Edit ObJECt Version: 1.0.0.0 fn
Order Number: - -
Edit 10 ma P pi ng Description: Description of the Modbus Slave 1
Import mappings from CSV.., Append selected device as last child of
. HModbus_Masterl
Export mappings to CSV... -
@ (You can select another target node in the navigator while this window is open.)
&) Visual Element Repositary Close

m  Setting the Modbus Slave

Double-click the slave device in the device tree to open the Modbus slave configuration window as shown in
the figure below.

Figure 5-14 Modbus RTU Slave Settings When the Port Is Used as a Master

Jevices * 1 X [ Modbus_slavel x
=3 Untitied >
=[] Device (TM753)

Modbus slave settings

D Auto Modbuz =lave settings
o scan Modbus communication settings
O, Fault diagnosis summary
= [l PLC Logic Fault diagnosis Station number |1 -
+.1L} Application {17247)
D Variabl PCI-Bus IEC Objects
ariable usage Timeout (ms) 1000 z

[ ™M75x-HSIO (TM75x-HSIO)

[ FL1002_3200DI (FL1002-320001)

m ExtCard (ModuleScan) Status
+ m EtherCAT_Master (EtherCAT Master SoftMotion)
+ m Modbus_TCP_Master 1 (Modbus TCP Master 1)

m Modbus_TCP_Slave_Device 1 (Modbus TCP Slave Device 1)
= m Modbus_Master 1 (Modbus Master 1)

m |Modbus_5la\re1 (Modbus Slave1)
"% SoftMotion General Axis Pool

Internal Parameters (100765535

Slave enable 1001 =
variable(SM) (0" 7e93)

Information

Table 5-9 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
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Variable Function

) ) 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)

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 5-15 Modbus Slave Communication Settings When the Port Is Used as a Master

[f Modbus_RTU_Slave2 x

Modbus slave settings A MName Function code Enable type  Enble variab... Cirde tme(ms) ~ResdAddress Readlength Errorhanding  WriteAddress  Writelen... Retrytmes  Commen it

0 Channel 00 (0x03) Read ho... _Loop execute (0x0000)0 10

Modbus com cation settings

Fault diagnesis
PCI-Bus IEC Objects
Internal Parameters
Internal /O Mapping
Status

Information

Add Delete Edit Export BXCE import

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

Figure 5-16 Dialog Box for Modbus Slave Communication Settings When the Port Is Used as a Master

Madbus communication settings

Baze config

Hame

Function code

Enable type

Circle time(ms) 200

Retry times

Read
Addrazs (Hex)

Error handling

Write
Address (Hex)

Charmel 00
(0x03) Read holding rezisters v
Loop execute e

Enable variahle(SM)

4k
4F

(1765535) (07 7909)

1 2| Comment

0 Length (YORD) 10 :
(0" 0xFFFE} {17128)

Keep last value o
0 Lengzth(WORD) |1 S

=

Table 5-10 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 0x15)
Write multiple registers (function code 0x16)

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.
. If a communication failure occurs and no slave return frame is obtained,
Retry times L . .
resending is performed according to the retry times.
Comment A short text area that describes the data
z:cjadr:;r;f The starting position of the register read
reR;:Ser Length | Number of registers read
Error Keep the last value: Keep the data at the last valid value
processing | Set to 0: Set all values to zero
Write Starting The starting position of the register written
) address
register Length | The length of the register written
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®  Internal /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/O mapping. For
example, %QW1 in the first line of the figure below means that the read coil value is mapped to the
address %QW1. In addition, you can also map custom variables in the program to 1/0 addresses by using the
Input Assistant or by directly entering the example variable path.

Figure 5-17 Internal I/O Mapping of Modbus Slave When the Port Is Used as a Master

[#] Modbus RTU_Slave2 x

Modbus slave settings Find Filter Show all + dp Add FB for IO Channel... Go to Instance
Modbus communication settings Variable Mapping Channel Address Type Unit  Description
= Channel 00 RIWT0 ARRAY [0..9] OF WORD 0x03R 5SS
Fault diagnosis E ] Channel 00[0] %I 70 WORD READ 16#0000(=0000)
+ 4 Application.GVL.Rtu_2 ] Channel 00[1] Wl WORD READ 16#0001(=0001)
PCI-Bus IEC Objects 4 Chamnel 00[2]  %IWT2 WORD READ 16£0002(=0002)
P e 4 Chamnel 00[3]  %IW73 WORD READ 16£0003(=0003)
4 Chamnel 00[4]  %IW74 WORD READ 16#0004(=0004)
Internal I[fO Mapping e ] Channel 00[5] Y%IW75 WORD READ 16#0005(=0005)
o4 Channel 00[8] %176 WORD READ 16£0006(=0006)
Stetus o4 Chamnel 00[7]  %IW77 WORD READ 16£0007(=0007)
. e ] Channel 00[8] %178 WORD READ 16:£0008(=0008)
-4 Channel 00[8]  %IW79 WORD READ 160009(=0009)

5.2.3 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
the figure below.

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.

Figure 5-18 Configuration When Modbus RTU Is Used as a Slave

m ModbusDevice2 X

Modbus slave settings

Serial port settings Modbus slave settings
Fault diagnosis
| PCI-Bus IEC Objects Baudrate 19200 - Station number 1 >
Internal Parameters 1~247
Parity bit EVEN ~
Status Frame interval{ms) |3 >
Data bit g8 bt 3200
Information
Stop bit 1 ~

#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 the
following table.
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Table 5-11 Modbus_RTU_Slave Function Codes

RTU Master Address name AT Offset from Standard
Function Code Modbus Address

0x01 %QX

0x05/0x15 %QX
0x02 %IX

0-65535 None

0x04 %IW
0x03 %MW

0x06/0x16 %MW

5.2.4 Modbus RTU Device Diagnosis

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

Figure 5-19 Modbus Master Device Diagnosis
 Modbus_RTU_Siavez x |

Modbus slave settings

Modbus communication settings

Fault diagnosis

PCI-Bus IEC Objects

Internal Parameters

Internal /O Mapping

Status

Information

5.2.5 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.

o 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 5-12 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 1-4

202409 (V1.0)




INVT Medium and Large-scale PLC Software Manual

Network Configuration

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 5-20 Selecting a Device Repository

Untitled9.project® - Invtmatic Studio

Device: PLC Logic] ~ ©F

File Edit Wiew Project Build Online Debug | Tools | Window Help
9 | 4L f Package Manager...
Invtmatic Studio Tool
Devices > X m Library Repository..
=5 Lhtted? '|m Device Repository...
= [ Device (M753) #] Visual Element Repository
D Auto scan @ Visualization Style Repository..
1) Fault diagnosis summary H License Repository...
= El] PLC Logic
H License Manager...

+-{C} Application
D Variable usage
[ TM75x-HSIO (TM75K-HSIO)
m FL1002_3200D1 (FL1002-32000T)
m ExtCard (ModuleScan)
£ m EtherCAT_Master (EtherCAT Master SoftMotion)

B m Modbus_TCP_Master 1 {(Modbus TCF Master 1)

Scripting

Customize...

Options...

Import and Export Options...

Device Reader...

Step 2 In the pop-up window, click Install.

Figure 5-21 Installing the Device Repository
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Installed device descriptions
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Vendor:

{D:\Program Files\Invtmatic Studio!\InvtmaticStudioRepository\Devices)

<All vendors=
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Version
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Close

<
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Step 3 In the pop-up window, find the path where the device profile is stored.

#Note: Here, select EtherCAT XML device profile as the file type. 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 5-22 Selecting Device Profile Path and Type

~ @ @
Y Name Date modified Type Size
W INVT_DA200_EtherCAT_V261_191025xml XML File 234K8
W INVT_DA200_EtherCAT_V262_200313xml XML File 238 K8
W7 INVT_DA200_EtherCAT_V263_220120xml XML File 22KE
W7 INVT_DA260_EtherCAT_V263_220120xml XML File 232K
W INVT_EtherCAT_110xml XML File 95K
W INVT_EtherCAT_171xml XML File 31K8

| [Sercos XML device description-

Step 4 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 5-23 Importing the Device Profile into the Device

52 Device Repository x

Location | System Repository ~| | EditLocations...
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Installed device descriptions

string for a fulltext search | Wendor: | <l vendors> - Install...
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L T
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[ [pa200 EthercaT(CoE) Drive v2ss INVT INDUSTRIAL Revi
[ DAZ60-N EtherCAT(CoE) Drive V265 INVT INDUSTRIAL Revi
[ KEB Automation KG - C5 PROJADVANCED drive controllers Details..
[ Nanjing Solidot Electronic Technology Co. , Ltd

[ Panasonic Corporation, Appliances Company - AC Servo Driver
[ Parker Hannifin
[ Schneider Blectric

E S

< >

= @ C:\Users\Administrator\Desktop\INVT_DA200_EtherCAT_V265_220120.xml
@ Device "DA00-N EtherCAT(CoE) Drive V265" installed to device repository.

Close
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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
5-24, you need to set the cycle and synchronization offset of the distributed clock.

®  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 5-24 Setting Master Cycle and Synchronization Offset
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Function Code
Sync Unit Assignment
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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
5-13.

Table 5-13 Common Parameters of EtherCAT Master

Variable Name Function
«Restart Rising edge trigggr, restarted after being
triggered
EtherCAT Master
xConfigFinished Master configuration completed
xDistributedClockinSync EtherCAT distributed clock synchronization
xError Error in the EtherCAT master

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 5-25. 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 5-26.

Figure 5-25 EtherCAT Slave Address

[l VT_DAZ200_265 x

General Address Additional
- -~
AutoIncaddress Y - Enable expert settings EtherCAT.
Servo Function Code _
EtherCAT address 1001 = (] optional

Expert Process Data
A Distributed Clock

Process Data

Select DC DC for synchronization '
Startup Parameters Enable 4000 Sync unit cycle (ps)
SyncO:

EtherCAT If0 Mapping @ Ensble Sync o

EtherCAT IEC Objects O Syncunitoyde  y 1 ~ 4000 $ Cycle time {ps)
_defi 0 = ift ti
Status (O User-definad = Shift time (ps)
Syncl:
Information .
[CJ Enable Sync 1
Sync unit cycle x1 4000 = Cycle time (ps)

Ak

User-defined 0 Shift time (ps)
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Figure 5-26 SDO Read Function Block

ETC_CO_SdoRead

TRUE ETC €O SdoRead
EN ENO

—|XxExecute xDone —
0 —xRbort xBusy —
1 —usiCom XxError —
1001 —juiDewvice eError —
—usiChannel udiSdoAbort —
16#3080 —wIndex szDataRead —

4 —bySubindex

1000 —udiTimeOut

adr (CouplerVer) —pBuffer
1 —]sz51ize

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 options supported by the synchronization mode will vary with 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 the figure below.

Figure 5-27 Distributed Clock Parameters
(] MVT_DA200_265 x

General Address Additional

EtherCAT

ar

AutolIncaddress 0 @ Enable expert settings
Servo Function Code

EtherCAT address 1001 2 ] optional

Expert Process Data
4 Distributed Clock

Py Dat
EHCESSH oo Select DC DC for synchronization i

Startup Parameters @ Enable 4000 Sync unit cycle {ps)

Syncd:
B Enable Synco
EtherCAT IEC Objects © Sync unit cycle x1 o 4000 = Cycle time (ps)

EtherCAT If0 Mapping

s o P e
Status () User-defined = Shift time (ps)

Syncl:

Information —
] Enable Sync 1

® Nodealias

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
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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 5-28 Setting a Node Alias

Scanned Devices

Device name Device type Alias Address

INVT_DA200_F&6 DA200-N EtherCAT(CoE) Drive V1266 1

Imvtmatic Studio *

After writing the EEprom alias address a reboot of the device
is necessary. Please switch off and on again.

:

: 2 [] Show differences to project

Scan Devices Close

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 5-29 Restart to Activate the Node Alias
Scan Devices [m] *

Scanned Devices

Device name Device type Alias Address

THVT_TAZ00_101 DA300-H EtherCAT(CoE) Drive 11

— 200W 01IIErences To

— nrnient

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 the figure below. Then, restart the controller.
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Figure 5-30 Filling in the Node Alias

General Address Additional
AutoIncaddress o =

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:
Online ¥
Enable Sync 0
CoE Online Sync unit cycle x1 4000 o
Jser- o e
EtherCAT I/O Mapping User-defined
Syncl:
EtherCAT IEC Objects
Enable Sync 1
Status Sync unit cycle x1 4000 o
Jser- 0 s
Information User-defined =
Diagnostics
Current State 121k
Startup Checking Timeouts

DC Cyclic Unit Control: Assign to Local pC
Watchdog

Identification
Disabled

w-#
: EthercaT

Cycle time (ps)

Shift time {ps)

Cycle time (ps)

Configured station alias (ADO 0x0012) value

Write to EEprom Actual address

Explicit device identification (ADO 0x0134)

Data Word (2 Bytes) ADO (hex)

5.3.2.2 Process Data Object (PDO)

Shift time (ps)
11 :
il
16x12 =

After the slave enables expert settings, an expert process data interface will be added. The interface will
display the input and output PDOs that come with the slave profile. You can add and delete them as needed,
such asFigure 5-31 Output PDO (usually control word and given parameters), such as the Input PDO in Figure
5-32 (usually status word and feedback parameters). In the EtherCAT 1/O mapping interface, you can map

the corresponding variables and call them in the program, as shown in Figure 5-33.

Figure 5-31 Output PDO

(1] ™vT_DA200_265 x

General Sync Manager ok Add [ Edit < Delete
Servo Function Code SM Sz Type FooLEt
i 0 Mailbox Out Index Size Name Fla.. SM
Expert Process Data 1 0 Mailbox In 16%1600 15.0 DO Outputs A
1621A00 23.0 DIInputs 3
Process Data 5 3 Tputs

Startup Parameters

EtherCAT 1/O Mapping

EtherCAT IEC Objects

Status

Information

PDO Assignment (1651C12): o Insert [# Edit 3 Delete= 4 MoveUp & MoveDown
W 1621600 PDO Content (1651600):
Index Size Offs Name Type
[6#sta:00 20 0.0 Control Word UINT
162607A:00 40 2.0 TargetPosition DINT
16260FF:00 40 6.0 Targetvelocity DINT
16#6060:00 10 10.0 Mode of Operation SINT
1626071:00 20 110 Targettorque INT
16£6088:00 20  13.0 Touch probe control UINT
162607F:00 40 15.0 Maxprofilevelocity UDINT

19.0
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[ mVT_DA200_265 x

Figure 5-32 Input PDO

General Sync Manager ok Add [ Edit 3 Delete
H FDO List
Servo Function Code SM Size Type =
0 0 Mailbox Out Index Size Name Fla. SM
Expert Process Data 1 0 Mailbox In ‘15#1500 19.0 DO Outputs z
2 19 OQutputs 16£1A00 23.0 DI Inputs 3
oesete
Startup Parameters
EtherCAT /O Mapping
EtherCAT IEC Objects
Status
Information
PDO Assignment (16£1C13): ok Insert [#Edit 3¢ Delete 4 MoveUp # Move Down
wl 1651400 PDO Content (1651600):
Index Size Offs Name Type
16%6040:00 2.0 0.0 Control Word UINT
162607A:00 4.0 2.0 TargetPosition DINT
1660FF:00 4.0 6.0 Target Velocity DINT
166060:00 1.0 10.0 Mode of Operation SINT
16#6071:00 2.0 11.0 Target torque INT
16£60B8:00 20 13.0 Touch probe control UINT
162607F:00 4.0 150 Maxprofile velocity UDINT
19.0
Figure 5-33 EtherCAT I/O Mapping
[ ™VT_DA200_265 X
General Find Filter Show all ~ ok Add FB for IO Channel... Go tc
R Variable Mapping Channel Address  Type Unit  Description
+- g Control Word QW2 UINT Control Word
Expert Process Data E2 K@ Target Position %002 DINT Target Position
+-Ty Target Velocity %0D3 DINT Target Velocity
P Dati
rocess bata e ] Mode of Operation %QB16 SINT Mode of Operation
Es F, J
Startup Parameters ] Target torque WQWS INT Target torgue
+- Ty Touch probe control QW10 UINT Touch probe control
EtherCAT IO Mapping +- T Max profile velocity 2LQD6 UDINT Max profile velocity
+ Status Word Yal4 UINT Status Word
EtherCAT IEC Object: -
& L= +- 4§ application. diactposition ] Position Actual Value s DINT Paosition Actual Value
Status + M Speed Actual Value %eID4 DINT Speed Actual Value
+ M Torque Actual Value SRIW 10 INT Torgue Actual Value
Infarmation Eh ] Operation Mode Display “elB22 SINT Operation Mode Display
L ] Touch Probe Status %l 12 UINT Touch Probe Status
L ] Touch Probe 1 Positive value %ID7 DINT Touch Probe 1 Positive value
o Digital inputs 2%ID8 UDINT Digital inputs

5.3.2.3 Startup Parameters

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 the figure below.

([ mvT_pa200_265 x

General

Figure 5-34 Startup Parameters

Servo Function Code

Expert Process Data

Process Data

7 Edit 7< Delete 4 MoveUp & Move Down
Lin-"._‘ 'ndex:Subindex  Name Value Bit Length  Abort on Error Jump to Line on Err... Next Line  Comment
e t6#5098: 16200 Homing method 1 8 (| O 0
16#6099: 16201 Speed during search for switch 100000 32 O O 0
16#609A: 16200 Homing acceleration 1000000 32 (| O 0
16#6099:16#02  Speed during search for zero 20000 32 O O 0

| Startup Parameters

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 5-34.

Step 2 In the pop-up window, find the object dictionary 16#6098, namely the homing method, as shown in
Figure 5-35, set the value to 35, and then click OK.

Figure 5-35 Selection of the Homing Method

Select ltem from Object Directory

Index:Subindex Name Flags Type
+ - 16#6091:16%00 Gear ratio
+ - 16#6093:16%00 Position factor

16#6098: 16500 Homing method RW SINT
- 16#6099: 1600 Homing speeds

1676094 16500 Homing acceleration RW LDINT
16=60B0: 16700 Pogition offeet RwW DIMT
16#60B1: 1000 Velodty offeet R DINT
16#60B2: 1600 Torque offset RW INT
16#60B8: 16500 Touch probe control RW UINT
16#60ED: 16200 Positive torque limit RW UINT
16760E1: 16700 Megtive torgue limit RW LIMT

- 16#60FE: 16500 Digital outputs
16=60FF: 16500 Target Velodty RW DINT I

Name Homing method
Index: 162 5098 : Bit length |8 s
SubIndex: 162 |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 5-34.

5.3.2.4 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.

® 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.

Step 1 Right-click Device in the device tree, select Add Device and then Fieldbus > EtherCAT > Maser >
EtherCAT Master SoftMotion.
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Figure 5-36 Process of Adding the EtherCAT Motion Control Master

[ Add Device

! Name EtherCAT_Master_SoftMotion

Action

© Zppend device (0) Update device

2|

String for a fulltext search vendor <Al vendors:
MName Vendor Version De:
+- [ SR
= m Fieldbuses
+ - CAN CANbus
= pals EtherCAT
= bedi Master
ﬂi EtherCAT Master 35 - Smart Software Solutions GmbH 3.5.15.30 Ethe
ﬂi EtherCAT Master SoftMotion 35 - Smart Software Solutions GmbH 3.5.15.30 Ethe

@ Group by category @ Display all versions(for experts only) () Display outdated versions

m Name: 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 in the 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 the figure below.

Figure 5-37 Adding DA200 Servo Drive

[ Add Device

Name INVT_DA200_265_1

Action

© Append device () Insert device (0) Update device

String for a fulltext search Vendor  INVT
MName Vendor Version D
= [ Fieldbuses
= i EtherCAT
=L INVT
+ -l EtherCAT Coupler
+- [l Inverter

= [l Servo Drives
[ [pA200-N EtherCAT(CoE) Drive V285 | TNVT
[ DA250-N EtherCAT(CoE) Drive V255 INVT
[l DA300-N EtherCAT(COE) Drive T

Revision=167000000AB Ed
Revision=16#000000AB Etl

Revision=15200000054 Etl

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

m Name: DA200-M EtherCAT(CoE) Drive V265
Vendor: INVT
Categories:
Version: Revision=16#000000AB
Order Number: INVT_DA200_255

Append selected device as last child of
EtherCAT_Master

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

Add Device Close

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 the figure below.
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b=zB &
B v B X
=3 vt AKX proj _
=@ Device QT AX7()
= B ci®iE

=(HJ EtherCAT Master_SoftMotion (EtherCAT Ma:

«

= 1} Application
i =ems
PLC_PRG (PRG)
SoftMotion_pou (PRG)
- @ mmE
=& EtherCAT Task
&) softhotion_pou
= MainTask
&) pLc_PrG
& HIGH_PULSE_IO

=~ ™vT_DA200_252 (DA00-N EtherCAT(C
Hg? SM Drive_GenericDSP402 (SM_Dri
"3 SoftMotion General Axis Pool

& [Dpos

&h G a8 G 0 i

Figure 5-38 DA200 Servo Drive Application Example

Application [Device: PLC 845

PLC_PRG B¢  SM_Drive_GenericD3P402 SoftMotion_pou
1| PROGRAM SoftMotion_pou
Bz v
3 MC_Power: MC_Power;

+ MC_MoveRelative: MC_MoveRelative:

@ %

X [l EtherCAT Master_SoftMotion

INVT_DAZ200_262

5 o ‘13:atuﬁ @ INT :=0; 100 % @ L
=
Case istatus oF A
(=] 0z
3 MC_Power(Axis:= SM _Drive GenericDSP402, Enable:= 1, bRegulatorOn:= 1, bDriveStart:= 1,
4| Status=> , bRegulatecrRealState=> , bDri’ 1State=> , Busy=> , Error=> , ErroriD=> );
(=] 5 IF MC_Power.Status THEN
. i5catus - 15
8 END_IF
(=] 9
0 MC_MoveRelative (Axis:= SM_Drive_GenericDSP402, Execute:= Tl
1] Distance:= &0, Velocity:= 5, Acceleration:= 50, Deceleratis
z Done=> , Busy=> , CommandAborted=> , Error=> , ErrorID=> ):
B 14 IF MC_MoveRelative.Done THEN
15/ MC_MoveRelative (Axis:= 5M _Drive GenericD5P402, Execute:= FALSE, );
15 iscacus = 2
=_te
(=]
MC MoveRelative (Axis:= SM Drive GenericDSP402, Execute:= IRUE,
Distance:= -60, Velecity:= 5, Acceleraticn:= 50, Deceleration:= 50, Jerk:= 100,
Done=> , Busy=> , CommandAborted=> , Error=> , ErrorlD=> );
(=] 3 IF MC_MoveRelative.Done THEN
MC_MoveRelative (Axis:= SM_Drive_GenericDSP402, Execute:= FALSE, )
25 iStatus = 15
END_IF
END_CASE 100 % | @ -
o, 0B, HS -8 x
BE—JRE 00 ®0  IRRE RERAA: REAA) ]

5.3.2.5 Common Parameters of EtherCAT Slave

Common parameters of the EtherCAT slave are listed in Table 5-14. 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 5-14 Common Paramet

ers of EtherCAT Slave

Variable Name

Function

wState

1: ETC_SLAVE_INIT

3: ETC_SLAVE_BOOT

8: ETC_SLAVE_OPERATI

2: ETC_SLAVE_PREOPERATIONAL

4: ETC_SLAVE_SAVEOPERATIONAL

ONAL

SlaveAddr

Slave address

5.3.2.6 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.
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Figure 5-39 Disabling a Device

= m EtherCAT_Master (FtherCAT Macter Safthdntinn)
Ep3
=il IN\-’T_DAZ Copy

MW s Paste
=[] mvT_Dag ¥ Delete
B s Refactoring 5
=[] Modbus_TcP
- 7[Z Properties..
ﬂ'] Modbus_T| 5
[ Modbus_TCP_| Add Object
= [ Modbus_Masty = Add Folder..
[ Mgdbus_5| Disable Device
[ ModbusDevice Update Device...

"2 SoftMotion Ge Edit Object

L

Edit IO mapping
Import mappings fram CSV...

Export mappings to CSV... FE
]

Add SoftMotion CiA402 Axis
Add SoftMotionLight CiA402 Axis

levices |:| PQOUs

Messages - Total 0 erro

#Note:
o Disabled devices in the device tree are displayed in light gray color, as shown in the figure below.

Figure 5-40 Device Disabled State

= ﬂj EtherCAT_Master_SoftMotion (EtherC

= ﬁ INVT_DA200_265_ 1 (DA200-M Et
M AxisCut (Axis)
ﬂj ExtCard (ModuleScan)

e  When you login to the system, the running states of disabled devices will not be displayed, as shown in
the figure below.
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Figure 5-41 Program Running While Disabled Devices Inactive

ﬂi EtherCAT_Master_SoftMotion (EtherCAT Master !

=@
H

=@
H

=43 [J] NVT_DA200_265_1 (DA200-N EtherCAT(Cok

B AxisCut (Axis)
ﬂi ExtCard (ModuleScan)

Figure 5-42 Enabling a Device

Devices

-

i1

x

=5 Untitledo
=-[{] Device (TM753)
D Auto scan

D‘ Fault diagnosis summary

+-E0 PLE Logic
D Variable usage

[ ™M75x-HSIO (TM7Sx-HSIO)
[ FL1002_320001 (FL1002-320001)

m ExtCard (ModuleScan)

= m EtherCAT_Master (EtherCAT Master SoftMaotion)

-

=i

H
= [l mvT_pa3n
B Axis_1
= [{fl Modbus_TCP _M
[ Maodbus_Td
[l Modbus_TCP_S
= m Modbus_Maste
ﬂi Modbus_5lg

Copy

Paste

Delete
Refactoring
Properties...
Add Object
Add Folder...

m ModbusDevice2

Enable Device

2 SoftMotion Gen

__T

Update Device...
Edit Object

5.3.3 EtherCAT Redundancy Ring Network Function

When you need to re-enable the device, click “Enable Device”, as shown in the figure below.

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 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 cable failure.

EtherCAT uses hot backup to support master 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. For example, the standard EtherCAT topology is shown in Figure 5-43 a). If
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there is a network interruption between Slave 2 and Slave N-2 in this topology, as indicated by the red part
in the figure, the communication of all slaves after Slave N-2 will also be interrupted accordingly, which is
also a disadvantage of the standard topology.

Figure 5-43 EtherCAT Redundancy

EtherCAT Master EtherCAT Master

RX Unit TX Unit RX Unit X Unit
MAC 1 C1 c1

Slave 1 Slave 2 Slave N-1 Slave N Slave 1 Slave 2 Slave N-1 Slave N
[ [X] &g X[ ’Rx] [ [Rx] i [’ [X] [Rx] @ \ [Rx] [} [RX]
X] EXle——{x] R\ %] [BX [x] [EX x] [Rx] X]  [RX———— x] [RX] [7x]

a) EtherCAT standard topology structure b) EtherCAT redundant topology structure

Figure 5-43 b) shows the topology of EtherCAT in redundancy mode. 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 5-43, 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 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 5-44, you can configure a 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 5-44 EtherCAT Redundancy Ring Network Configuration

Devices -~ o x [ EtherCAT_Master x [ Device
=3 Uniitedd 2
3 7] Device [connected] (TM753) General Autoconfig Master/Slaves EtherCAT —
[ Auto scan :
) Function Code EtherCAT NIC Setting
Q Fault diagnosis summary
+ Ej] PLC Logic Sync Unit Assignment Destination address(MAC) FF-FF-FF-FF-FF-FF Broadcast Enable redundancy
D Variable usage Source address (MAC) 0o Browse...
Log
[ ™7ExHSIO (TM75%-HS1G) Network Name =
FL1002_320001 (FL 1002-32000T
@ N ¢ ! EtherCAT {0 Mapping Select network by MAC Select network by name

m ExtCard {ModuleScan)

= m |Eﬂ'\erCAT_Masher (EtherCAT Master SoftMotion) EtherCAT IEC Objects Redundzncy EtherCAT NIC Setting
=5[] mT_DA300_101_1 (DA300-M EtherCAT(CoE) D
Status Destination address(MAC) FFFF-FFFFFF+FF Broadcast
H ads (Axis)
= 3wl FK1100_ECT_Coupler (FK1100_ECT_Coupler_1. T — Source address (MAC) 00-60-6E-C5-73-0B Brovise...
Ei FLE112_2T (FL6112-26T) Network Name eth2

e ‘m Modbus_TCP_Master 1 (Modbus TCP Master 1)
m Modbus_TCP _Slave_Device1 (Modbus TCP Slave De
£ [ Modbus_Master 1 (Modbus Master1) Distributed Clock Options
m ModbusDevice2 {ModbusDevice 2)
% SoftMotion General Axis Pool

Select network by MAC Select network by name

Use LRW instead of LWR/LRD
Cydletime 4000 !

Enable messages pertask

a4
B

Sync offset 20

Automaticrestart slaves
Sync window monitoring

»

Sync window i | oes
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5.3.4 Dual EtherCAT Masters

TP6214 supports dual EtherCAT masters. In Invtmatic Studio, when you select the device TP6214, you can
add two EtherCAT masters and automatically assign EtherCAT network ports X3 and X2, as shown in Figure
5-45. It is generally recommended to connect the servo and 402 axis with higher real-time performance to
EtherCAT_X3, and couplers to EtherCAT_X2.

Figure 5-45 Dual EtherCAT Master Connection Effect

Devices v B X

[ EthercAT X3 x |[f] EtherCAT x2

=3 Untiteds hd
=[] Device (TP6214-x000¢)
2, Fault diagnosis summary
=B PLC Logic
=} Application
@ e
i) Library Manager
PLC_PRG (PRG)
fi¥] pou (PR
*+-{, Recipe Manager
™2 Symbol Configuration
=-{8 Task Configuration
% EtherCAT_X2_Task (EtherCAT_Group)
=g EtherCAT_X3_Task (EtherCAT_Group)
@] pou
=g MainTask (IEC Tasks)
&) pLC_PRG
&af Trace
T Persistentvars
[ Variable usage
# [ Modbus_TCP_Master1 (Modbus TCP Master 1)
[ Modbus_TCP_Slave_Device1 (Madbus TCP Siave Device1)
#[] Modbus_Master 1 (Modbus Master 1)
[ ModbusDevice2 (ModbusDevice2)
= [ EtherCAT X3 [EtherCAT Master SoftMotion)
= [ mWT_DAZ00_265 (DAZ00-N EtherCAT(CoE) Drive V25
H  Axis (Axis)
= [l EtherCAT X2 [EtherCAT Master SoftMotion)
=il FK1100_ECT_Coupler (FK1100_ECT_Coupler_1.0.5.1)
[ FL1001_1600DI (FL1001-1600D1)
"3 Softhotion General Axis Pool

| Generel
Function Code
Sync Unit Assignment
Log
EtherCAT /0 Mapping
EtherCAT IEC Objects
Status

Information

1@ Autoconfig Master/Slaves

EtherCAT NIC Setting

EtherCAT ~

Destination address(MAC) FF-FF-FF-FF-FF-FF @ Broadcast [ Enable redundancy
Source address (MAC) 00-00-00-00-00-0C Browse...
Netwviork Name eth3

() Select network by MAC

Distributed Clack

Cydetime 4000
Sync offset 0
(0 sync window monitoring

Syncwindow |1

v [

O Select network by name

Options

[ Use LRW instead of LWR/LRD

b

[ Enable messages pertask

®

@ Automaticrestart slaves

s

#Note: For the dual-master task configuration, it is required to set the priority of EtherCAT_X3_Task to the
highest 0, the priority of EtherCAT_X2_Task to 1, and the priority of other tasks to start from 2, as shown in

the figure below.

Figure 5-46 Dual-master Task Priority Configuration

Devices

* o X

=5 Untitkedd

= m Device (TPE214-000¢)

Q Fault diagnosis summary
= @1] PLC Logic
=-{} Application
@ o

m Library Manager
PLC_PRG (PRG)
B8 pou pre)
£s ﬂ Redipe Manager

- Symbal Configuration

PRG

-

[T Ethercar_xz

[f EthercaT_x2

@ Task Configuration X

Task Groups Monitor Variahle Usage System Events Properties

= @ |Ta5k Configuration

=g EtherCAT_X3_Task (EtherCA Task

5 EtherCAT_X2_Task (EtherCAT Graun

Configuration |

8 rou
= @ MainTask (IEC-Tasks)
8 pLC_PRG

4k Add Group Remove Group
Group name
=~ IEC-Tasks
@ MainTask

= EtherCAT_Group

ok EtherCAT »3_Task
% EtherCAT_x2_Task

Core Priority
1]

0
1

1]
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5.4 CANopen

CANopen is a high-level communication protocol that is based on the CAN (Controller Area Network)
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)

By using indexes and sub-indexes (in the first few bytes of a CAN message), the SDO enables clients 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 has the service type defined: generating an answer for each message (two IDs are
required for an SD0O).SDO

SDO request and answer messages always contain 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 its 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:

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
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by an object-specific event defined in the device profile.

4. Predefined messages or special function objects

A.  SYNC
B. Timestamp
C. Emergency

D. Node guarding

5.4.1 CANopen Master Node Configuration

5.4.1.1 Master Node Usage Process

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. There is no device option

by default.

Figure 5-47 ExtCard Expansion Card Interface

Devices -+~ 0 X
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=1} Application
@ o
m Library Manager
PLC_PRG {PRG)
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. ﬂ Redpe Manager
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H] PLC_PRG
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D Variable usage
[ ™M75x-HSIO (TM75%-HSIO)
+ m Modbus_TCP_Master 1 {Modbus TCP Master 1)
m Modbus_TCP_Slave_Device1 (Modbus TCP Slave Device 1)
+ m Modbus_Master 1 (Modbus Master 1)
m ModbusDevice2 (ModbusDevice2)

Bxt Card Config
PCI-Bus IEC Objects
CPU Scan Parameters
Status

Information

Variable usage

m |ExtCard (ModuleScan)

A SoftMotion General Axis Pool

i g pa =l

[« i3 () CanOpen () 4G

Step2 Select CanOpen. Then the left device tree will automatically add CANbus Bus and
CANopen_Manager.
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Figure 5-48 Selecting CANopen Extension
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5.4.1.2 Adding a CANopen Slave Node

[ ExtCard x
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PCI-Bus IEC Objects
CPU Scan Parameters
Status
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[OFn:-3 © CanOpen ()43

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 the following diagram.

Figure 5-49 Device Tree Structure with a CANopen Slave
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Emergency (EMCY)
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At this time, the software configuration of the CANopen master node is completed.

5.4.2 CANopen Master Parameter Configuration

m  Network and baud rate configuration parameters

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, 10 kbps, 20 kbps, 50 kbps, 100 kbps, 125 kbps, 250 kbps, 500 kbps, 800 kbps, 1000 kbps).
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Figure 5-50 CANbus Master Parameter Configuration
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m  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 the
following figure.

Figure 5-51 CANopen Master Parameter Configuration
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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).

e  Guarding: 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.

® Enable heartbeat generation: If this option is enabled, the master will send heartbeats continuously
according to an internally defined “heartbeat time”. Node ID under Guarding: It is the unique identifier
of heartbeat generation (1-127) on the bus.

o  Generation time (ms): It defines the internal heartbeat time in milliseconds.
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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, Modbus, ModbusTCP, EtherCAT, CANopen, 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 and CANopen, it indicates that a fault has occurred but has been
recovered. In Modbus, it is displayed as a device in a fault state.

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.

Figure 6-1 Fault Diagnosis Summary

2 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 Qutput Port Power Fault
Modules FL3003_4AD ErD032-0015 Chanel 0 Signal Source Open Circuit Fault

ModbusRTU Modbus_Slavel ErQ040-0005 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.

®  Search: Search for matching fault information based on the device type or module name.
e  Refresh: Used to refresh device fault information.

®  Clear: Clear the fault information in the table.
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Export to EXCEL: Export fault information in the table.

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 1/0 Diagnosis

I/O can be added to the CPU local backplane bus. Its diagnostic information is shown as follows. For specific
error codes and information, please refer to /O module error codes.

Figure 6-2 1/0 Device Self-diagnostic Information

(- FL3003_saD x

4AD Settings

Serial No Error code Error name Solution
Fault diagnosis 3 Er0032-0015 Chanel 0 Signal Source Open Circuit Fault Check Chanel 0 signal source physical connection

PCI-Bus [EC Objects

CPU A4 Parameters

CPU AI41/0 Mapping
Status

Information

6.2.2 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.

6.2.3 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.
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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 the figure below.

Figure 6-3 PLC Log

(1] pevice x =

Communication Settings *) 12 warning(s) [ @ 457 error(s) [ . 0 exception(s) [ 651informationts) | () 0 debug message(s) <l components - | Logger

(] offlinelogging [J UTC time
Applications

Severity  Time Stan—o2 ST | peseription Component

IERnpeTiiE A <] 14.07.2024 06:52:57.320 NetID 0: CAN driver signals BusAlarm. CANbus I
. o 14.07.202406:52:57.320  NetD 0: Bus State: BUSOFF CANbus

o 14.07.2024 06:52:57.314 CANbus
Log o 14.07.2024 06:52:57.314 CANbus

© 14.07.2024 06:52: 56,325 CANbus
PLC Settings o 14.07.2024 06:52:56.325 MetID 0: Bus State: PASSIVE CANbus
Sp— o 14.07.202406:52:56.315  NetiD 0: No more BusAlarm. CANbus

L 14.07.202406:52:56.315  NetID 0: No more bus errar. CANbus
Users and Groups o 14.07.202406:52:55.326  NetID 0: CAN driver signals BusAlarm. 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.

View the log information of all components, or choose
to display the log information of a single component.
Import the saved log information in CSV format in
offline state.

All Components

Offline log

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 the figure below.
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Figure 6-4 Adding a Diagnostic Programming Interface Library
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The diagnostic programming interfaces corresponding to CPU, Modbus, ModbusTCP, and backplane /0 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 sh in Figure 6-4). For example, Figure 6-5 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 Adding a Modbus Master Diagnostic Function Block
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Figure 6-6 Description of Modbus Master Diagnostic Function Block Parameters
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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 the figure below.
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Figure 6-7 Locating an Error Code
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Algorithm library error message: Switch to Library Manager by the same method to view the algorithm
library error message, as shown in Figure 6-8. Open Library Manager, as shown in Figure 6-9. 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 6-8 Library Manager-related Pr
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Figure 6-9 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:

e  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.

®  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 6-10.

Figure 6-10 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 6-11.
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[ Device x PLC_PRG
t) 1warning(s) |€) 318 error(s) | ([E) 0 exception(s) ¥ 722information(s) (3} 0 debug message(s) <Al components:> ~ | Logger <Defaultloggers> gr
[] offlinelogging [] UTCtime
Severity Time Stamp Description Component )
[} 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...  ToDrvEtherCAT
[ 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...  ToDrvEtherCAT
[ 01.01.1970 10:27:58.636 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:54.455 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
(<] 01.01,1970 10:27:50.276 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  IoDrvEtherCAT
[ 01.01.1970 10:27:46.096 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:41.915 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
[x] 01.01.1970 10:27:37.736 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all. Use scan for d...  IoDrvEtherCAT
[ 01.01.1970 10:27:33.556 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:29.375 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:25.195 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
[ 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
] 01.01.1970 10:27:15.835 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:12.656 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
[ 01.01.1970 10:27:08.475 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:04.295 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:27:00.115 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
[ 01.01.1970 10:26:55.936 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:26:51.756 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
] 01.01.1970 10:26:47.575 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT
[ 01.01.1970 10:26:43.356 Checking slaves: perhaps slave(s) missing, mismatch to configuration or no communication at all, Use scan for d...  ToDrvEtherCAT

Information

When you download the program, a dialog box prompting “Download Failed” pops up, as shown in the figure

below.

Figure 6-11 Program Download Failed Prompt Dialog Box

Imvtmatic Studio

Download failed: PLC in exception. See Log Page in Device Dialog for detzils

Three causes lead to the above exception:

1. Null pointer (i.e. the pointer value is equal to 0).

Figure 6-12 Prompt of a Program Download Exception Due to Invalid Pointer Reference

-

=] IF diCountValue [iRtu . 5 AND diCountValue[0] 0
=5 12 IF diCountValue[1][__ 0 | =7 diCountValue [1][__ @ | <= &
=[] IF diCountValue[2][__ 0 ]:

14 IF diCountValue[3][___0 | >= 789
g 1=

1€ iMasterPLC_Xin[ 0 ] :

17 END_IF

18 END_IF 100 % |[E)
Watch 1
Expression Application Type Value Prep

B watch 1 |l Breakpoints

5)

: Anonymou tbuid: £ 0 @ 0 Precompie T [N INERSSISSNENNEEERR Froqram unchanged

2. Division by 0.
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Figure 6-13 Prompt of a Program Download Exception Due to Division by 0

- |

-

SM5001ENE :=TRUE;
SM2001 ENE :=TRUE:
SM4001ENE :=TRUE:

1
3
4
5 iRtu 13 ] := iReu 11 ] +1;
€
7
a
E
0

B8 IF iRtu 1[ 31 | > 1000 THEN
iRtu 13 ] := 0O;
END_IF
& uibate[2][0 ] := 10/pOut[_0 |
g L IF diCountValue[iRtu 1[ 1 [ @ | »= 799395 AND dlCountValue[D]
< »
Watch 1
Expression Application Type Value Prepa

il watch 1 @ Breakpoints
s
5]

: Anonymou tbuld: € 0 & 1

3. Array out of bounds.

e s 4 S0P | progremoaded - EXGEPTO|

Program unchanged

Figure 6-14 Array Out of Bounds

-

4
slo pout[7 ] := T;
&« hibatepout[ T _NI[F# ] := 10;
= E
= 3
= !
J— ..

IF diCountValue[0][___ @ | »= 79935 AND diCountValue[0][
IF diCountValue[l][___© | »= 79935 AND diCountValu¢
IF diCountValue[2][___©0 | »= 79935 AND diCount?

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:

Step 1 Right-click Application, and select Add Object > POU for implicit checks.

Figure 6-15 Adding a POU for Implicit Checks

=5 thtitedd hd
Device {TP6210-1000)
4, Fault diagnosis summary

r-F, m Modbus_Master1 (Modbus Master1)

m ModbusDevice2 (MadbusDevice 2)

FF- m EtherCAT_X0 (EtherCAT Master SoftMation)
= canbus (CANbus)

i m CAMopen_Manager (CANopen_Manager)
H " [ Daz200_Drive (DA200 Drive)

"2 softMation General Axis Pool

=&l PLC Logic
=9 & on 4 Cut
m Library Manager Copy
pleprapre) | Paste
BA Pou (PRG) ¥ Delete
L2 ﬁ Recipe Manager Refactoring
™8 symbal Configurati S FProperties..
I’:--@ Task Configuration
Er: EtherCATfTask‘m Add Object » |[# Alarm Configuration...
. pou X Add Folder.. Application...
=g MairTask (iEC-7 ] Edit Object Axis Group..
8 pLo_PRG Edit Object with... Cam table...
: .‘ﬂ Trace % Login CNC program...
~T Persistentvars _— . CNC settings...
. Delete application from device
™ variable usage Data Sources Manager...
- Modbus_TCP_Master1 (Mod &) visual Element Repository DUT...
[ Modbus_TCP_slave_Device1 (Modbus TCP Slal External File..

Global Variable List...

Global Variable List (tasklocal)...
Image Poal...

Interface...

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

POU for implicit checks...

NEECCEEE R T T L

Redundancy Configuration...

Step2 On the pop-up interface, check Bound checks and click Add.
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Figure 6-16 Checking “Bind Check”

Add POU for implicit checks *

@ Create spedial check functions for an application (for
checking array bounds, divisions and pointer)

Available functions
B Bound checks
[] Division 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 6-17.

Figure 6-17 Program Jumping to a Breakpoint due to Array Out of Bounds

-
1 /4 Implicitly generated code: Only an implementation suggestion
z IF index < lower THEN
3 CheckBounds := lower;
4 ELSIF index > upper THEN
5 CheckBounds := upper;
£ ELSE
7 CheckBounds := index;
5 END _IF
10 et a breakpoint, log messages or e.g. to halt on an exception:

ept.library and SysTypesiZ Itf as newest.

14 pipp : POINTER TO CmpApp.APFLICA

T
: SysTypes.RT5 IEC RESULT:
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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:

o 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: For a medium-scale PLC, set the RUN/STOP switch to STOP, restart it, scan 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 One-click Reset on the factory settings screen to clear the APP.

Method 3: For the TP series large-scale PLC, download a correct PLC program via a USB flash drive and
delete the previous application program. The operation steps are as follows:

#Note: When this function is used, the USB flash drive can only have one partition, the controller can only
connect one USB flash drive, and only one program can be saved in the root directory of the USB flash drive.

Step 1 Afterthe user program project is opened in the programming software, click Online > Create Boot
Application in the menu bar.

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

5= - ) » _"',,E Login Alt+F8 PI
Logout Cirl+F3
E— | Create Boot Application ||
SR — Download
Online Change

= E‘”Deuice (TP&210-000)
D, Fault diagnosis summary
=B PLC Logic Multiple Download...

Source Download to Connected Device

=L} Application

i Reset Warm
GVL .
o Reset Cold
m Library Manager . 2
Reset Origin
PLC_PRG (PRG) , ,
Simulation
b pou (PRE) cecurd
ecuri »
+. ﬁ Recipe Manager Y
B8 symbol Configuration Operating Mode L4

T !

Step 2 Select the startup program APP storage path, keep the default file name unchanged, and click Save.
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« “ 4 || ThisPC 5 Desktop > Newfolder

New folder

> 4= [

v

Search New folder

~ O

o

File name: | Application.app

Save as type: | Boot applications (*.app)

~ Hide Folders

Step 3 Copy the user startup program files “Application.app” and “Application.crc” to the root directory of

the USB flash drive.

[ ] Application.app

E Application.cre

__ J
rd
Ln

- J
rd
Ln

Step 4 Insert the USB flash drive into any USB port of the controller, power off and restart the controller,

and wait until the controller RUN

successfully.

indicator light turns on. At this time, the user program is loaded

#Note: After restoring the PLC using the above method, you need to troubleshoot application errors before

downloading the program.

6.7 Device Error Codes

#Note: The backplane bus only applies to the TM series PLC.

Major
. . ! Sub-error .
Device | Error Type | Error Location | Error Code Error Description
Code
0001 Button cell not installed or battery
System-re voltage too low
Hardware error | 0001 -
lated Device supply voltage too low (less
0002
than 19V)
Clock system 0001 Error in setting time
component 0008 0002 Error in writing RTC clock
CPU error 0003 Errorin reading RTC clock
System 0001 IP segments of IP1 and IP2
component- P svst repeated
related system XXX Reserved
component 0009 -
Read: IP1 module - Error in
error 0011 . .
opening files
0012 Read: IP1 module - Unable to get
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Major
. . . Sub-error ..
Device | Error Type | Error Location | Error Code Error Description
Code
IP information
Write: IP1 module - IP address
0013 e T modl
configuration error
Write:  IP1  module - Mask
0014 . .
configuration error
Write: IP1 module - Gateway
0015 . .
configuration error
Write: IP1 module - Repeated
0016 .
segments with USB
Write: IP1 module - IP and gateway
0017 |, .
in different segments
XXX Reserved
0021 Readf IP'2 module - Error in
opening files
Read: IP2 -
0022 efad rTmodule Unable to get
IP information
Write: IP2 module - IP address
0023 . .
configuration error
Write:  IP2  module - Mask
0024 . .
configuration error
Write: IP2 module - Gatewa
0025 rer e ! way
configuration error
Write: IP2 module - Repeated
0026 ! _modu P
segments with USB
Write: IP2 module - IP and gateway
0027 L
in different segments
0001 Module configuration error
CPU IO error 0030 0002 Module parameter configuration
error
0001 DI - Module configuration error
DI - Module arameter
0002 - odue P
configuration error
XXX Reserved
2001 DO - Module configuration error
Digital quantity 0031 2002 DO' - 'Module parameter
Backplane| Backplane error configuration error
bus bus-related 2003 DO - Module output port power
supply failure
2004 DO - Module output error
XXX Reserved
XXX Reserved
0001 Module configuration error
XXX Reserved
Analog
. 0032 AD - Channel 0 parameter
quantity error 0012 . .
configuration error
0015 |AD - Channel 0 signal source
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Major
. . Sub-error o
Device | Error Type | Error Location | Error Error Description
Code
Code
open-circuit
0016 AD - ‘Ch'annel 0 sampling signal
over-limit
AD - Ch i i
0017 annel' O' sampling signal
above-upper-limit
0018 AD - Channel 0 sampling signal

below-lower-limit
XXX Reserved

AD - Channel 1 parameter
0022 . .
configuration error
AD - Channel 1 signal source
0025 -
open-circuit
0026 AD - .Ch'annel 1 sampling signal
over-limit
0027 AD - Channel. 1. sampling signal
above-upper-limit
0028 AD - Channel 1 sampling signal

below-lower-limit
XXX Reserved
AD - Channel 2 parameter

0032 . .
configuration error
AD - Channel 2 signal source
0035 -
open-circuit
0036 AD - .Ch.annel 2 sampling signal
over-limit
0037 AD - Channel. 2. sampling signal
above-upper-limit
0038 AD - Channel 2 sampling signal

below-lower-limit
XXX Reserved
AD - Channel 3 parameter

0042 . .
configuration error
AD - Channel 3 signal source
0045 N
open-circuit
0046 AD - .Ch.annel 3 sampling signal
over-limit
0047 AD - Channel. 3. sampling signal
above-upper-limit
0048 AD - Channel 3 sampling signal

below-lower-limit
XXX Reserved
Module output port power supply

0003

failure
XXX Reserved

Channel 0 parameter
2012

configuration error
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Major
. . Sub-error o
Device | Error Type | Error Location | Error Error Description
Code
Code
2014 Channel 0 output error
XXX Reserved
Channel 1 parameter
2022 . .
configuration error
2024 Channel 1 output error
XXX Reserved
2032 Char.mel ’ 2 parameter
configuration error
2034 Channel 2 output error
XXX Reserved
Channel 3 parameter
2042 . .
configuration error
2044 Channel 3 output error
XXX Reserved
0001 Module configuration error
XXX Reserved
0012 Char.mel ’ 0 parameter
configuration error
Channel 0 signal source
0015 -
open-circuit
0017 Channel 0 . s.ampling signal
above-upper-limit
0018 Channel O' éampling signal
below-lower-limit
XXX Reserved
Channel 1 parameter
0022 . .
configuration error
0095 Channe.l .1 signal  source
open-circuit
Temperature Channel 1 samplin signal
measuring 0033 0027 . Piing &
above-upper-limit
module error - -
Channel 1 sampling signal
0028 —
below-lower-limit
XXX Reserved
Channel 2 parameter
0032 . .
configuration error
Channel 2 signal  source
0035 L
open-circuit
0037 Channel 2 . s.ampling signal
above-upper-limit
0038 Channel 2' éampling signal
below-lower-limit
XXX Reserved
Channel 3 parameter
0042 . .
configuration error
0045 |Channel 3  signal  source
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. X Major Sub-error . L.
Device | Error Type | Error Location | Error Code Error Description
Code
open-circuit
0047 Channel 3 . s.ampling signal
above-upper-limit
0048 Channel 3 ' sampling signal
below-lower-limit
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
Masterl 0040 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
Fieldbus Modbus-rela The received slave address does
ted 000C not match the requested slave
address
The received function code does
000D not match the requested function
code
000E Instruction execution failed
0001 [llegal function code
0002 Illegal address
0003  |Wrong number of data
0004 Slave device failure
Communication timeout. An error
occurs since the communication
Modbus_RTU 0041 0005 time exceeds the maximum
Master2 communication time set by the
user
XXX Reserved
Received data frame
0008 non-conforming to the Modbus
protocol
0009 CRC/LRC check error
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. X Major Sub-error . L.
Device | Error Type | Error Location | Error Code Error Description
Code
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
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
Modbus_RTU 0043 0003 Wrong number of data
Slave2 0004 Slave device failure
Communication timeout. An error
0005

occurs since the communication
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. X Major Sub-error . L.
Device | Error Type | Error Location | Error Code Error Description
Code
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
Modbus 0008  |non-conforming to the Modbus
TCP-related | Modbus TCP 00A0 protocol
Masterl
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
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. X Major Sub-error . L.
Device | Error Type | Error Location | Error Code Error Description
Code
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 TCP protocol
Masterd 00A1 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
Modbus TCP
Slavel 00A2 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
0ooB
not conform to the protocol or the

202409 (V1.0) 135



Diagnosis

INVT Medium and Large-scale PLC Software Manual
. X Major Sub-error . L.
Device | Error Type | Error Location | Error Code Error Description
Code
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 TCP protocol
Slave2 00A3 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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7 PLC Upgrades and Settings

7.1 Software Upgrade

Untitled9.project - Invimatic Studio
File Edit \View

EzE &

Project

Devices

Libraries

Build
#0544 05

Online

=45 Untitledd
=) Device {TM753)
D Auto scan
O, Fault diagnosis summary
=B pLC Logic
=i} Application
@ o
m Library Manager
PLC_PRG (PRG)
¥ PoU (PRE)

Figure 7-1 Software Upgrade Interface

After opening the Invtmatic Studio software, click Help > Software upgrade in the menu to enable online
software upgrades.

Debug Tools Window | Help
Sl &) Contents
7] Index
5 h
[f) Device i) Library &l Searc

|E3 Add Library Delete Lib

Program manual
Software manual
Hardware manual
Release Note
INVT Website

Ctrl+Shift+F1 o
Ctrl+Shift+F2

Placeholc

Software update

Advice feedback
About...

CrnFrrhiannnee 10 1 0 THYTY

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

| 5 AP update tool v1.1.2

Latest version infa

Hotes:

| If the current wversion iz lower

than ¥1.3.4.13, pleasge install
the complete package of W1.3.4.13
before upgrading, otherwise it
will cauze the program to not
function properly!!!

V1.3.6.4 (2024, 7.4) update
description:

1. Updated ICP-PLS5_1.0.1.0.
compiled library to fix old
wverzion bugs.

2. Added servo DAZO0A-
EtherCAT_1.0.1.0.xml.

3. TM700 haz added three
backplane modules FLE112-2EI
FLE121-1EI « FLE002-2ES.

4, Added coupler FE1100-ECT-
Copuler_1.0.5.1.

5. Optimized the szervo 402 axis
return to zero setting function
to =zolve the problem of old
verziong of SD0 being
overwritten.

¥1.3.56.3 (2024, 6.4) Update
description:

1. 4dd the self-update function
of the online update program.

2. Optimize the starting
parameterz of axiz 402 to zolwve
the problem of long starting time
of EtherCAT bus.

3. Widget adds the zubnet mask
modification function {if you
want to use thiz function, you

= O X

Component Installed Latest Size

Main program ¥1.3.5.4 =30

Fackages ¥1.5.5.4 148

Online Help V1.3.4.13 240

1 ZL:07:17 Begin download .. Updatelist x64 Xml. ..

2 21:07:18 VUpdatelist_x64. ¥ml. . Finish download

B Check update when start Update
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7.2 Firmware Upgrade
The TM/TP series supports firmware upgrades via a network port. Click Tools > Invtmatic studio tools in
the menu.

#Note: The Invtmatic Studio tool can be run as standalone software, and does not require to open the
Invtmatic Studio programming software, making it easy to use.

B Communication Connection

The TM series supports network connection via Ethernetl, Ethernet2, and TypeC, of which Ethernetl
supports broadcast communication connection (one-click IP scanning and automatic connection). The TP
series X0 and X1 both support broadcast communication network connection.

Figure 7-3 PLC Tool Connection Interface

Invtmatic Studio Tool ¥1.0.28 - o X

(A ] Device Connection £

Device Connection

Adapter  tcp2 Local  192.168.1.101

I3 192 1658, 1 . 10 Port 9779

Network .
THES Firmware V1.11.00

Transfer
B version Prompt
The matching relationship between the cwrent version of Imvasive Studie Teel and the PLC firmware version:
Language . ) . q q .
THTSx: Supports all versions of firmware, and the file transfer Famotion supports Firmware versions V104 00 and shove
. TP621x: Supports firmwsre versiens ¥1.02.04 and sbove
Resetting
AlTx: Supports firmware versions ¥210 and above.

Foanning devive.
2108 36—PLC Type: TM7ES TP Address: 102 168 1 10
Device connected

Protocol V1.3.2.2

B Firmware Upgrade
You can view the version number or select an upgrade package for upgrades.

Figure 7-4 Firmware Upgrade Interface

Invtmatic Studio Tool V1.0.28 - a x

- . o]
Connection Firmware Upgrade &
Upgrade . PLC

P 192 168 1 .10 Port 8778

- Check

RTC PLC et Firmware ¥1.11.00 Tips
Network Firmware Info

Path C:\Users\Administrator\Desktop\phy\TM700-V1.11.002F S5 1 7924620240722171719\Update V111 Select

Transfer

Language

Resetting

Start
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7.3 Time Settings

You can read or modify the system time.

Figure 7-5 System Time Read/Write Interface

Invtmatic Studio Tool ¥1.0.28

Connection RTC Setting
Upgrade RTC Setting
PLCTime  2024-07-13 2340140 Read
RTC T Gaty
Network Time [2024-07-24 Wednesd: - |[ a0m38pM 2] | write

Transfer

Language

Resetting

7.4 Network Settings

Through network settings, you can read or modify the IP address and subnet mask of network ports 1 and 2.

Figure 7-6 Reading or modifying IP Addresses

Invtmatic Studio Tool V1.0.28

Connection Network Setting

Upgrade Network Setting

O EtherNET1 (O EtherNET2
RTC
IP: 192.168. 1 . 10

Network ® Read
Gateway: 192.188. 1 . 1

Write
Transfer FRiEE:  |#55.255. 2565, 0

Language

Resetting

7.5 Factory Settings Reset

Since the PC is connected to Ethernetl 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. If multiple PLCs are connected
to the network, you need to disconnect other PLCs first and connect only the device that needs to be

restored to factory settings.
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Figure 7-7 Restoring the IP Address or Clearing the Program

Invtmatic Studio Toel V1.0.28 = a X

Connectio

Upgrade

RIC

Network

Transfer

Language

Resetting

7.6 File Transfe

n Restore Factory Settings ==

Thiz program is used to restore Factory settings For TPEO0D and TH7O0 FLC

Before reset operation

1. Please discomnect all ports of the computer and WiFi

2 Fleaze find 2 network cable that conmects one end to the computer port and the other end to the X0 port of the device
3 .Please select the TP of the computer port connected to the network cable

Sender TP Sender Port
169,264,246, 126 10002

4, Pleaze zelect the operation to be performed when resetting and then click "Eeset’ butten

@ IF reset (Restore IF to factory settings)

@ Clear App (Clesr existing App of FLE)

Rezet

r

The local computer file directory is displayed on the left side, and the PLC file directory is displayed on the

right side. It is usu

ally used for users to copy process files. For example, if you want to copy CNC files to the

PLC, you can select the directory PlcLogic/_cnc.

Figure 7-8 File Transfer

v1.028 — m} X

Invtmatic Studio Teol
. File Transfer =
Connection
IF 192.185. 1 .10 Fort 9779 FLC TMTES
Upgrade Local Disk FIC Disk 5
My Computer CE. one
- L

Network
Transfer ®
Language

Resetting

My Docunent CHC_1000. ene

c CHC_1001. enc

CHC_2000. enc

=

CHC_2001. enc

-

_contents Zc491401_Def7 469 béel_Téedfeccaclh. tat

«

_contents_esfe5dl3_2157_40be_s54d_O5efetDd5Ieb. txt

DDDDD
1 T 3 6 ) 3

»

File size: 1 EB
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Appendix A Project Examples

A.1 Example of RS485 Communication Configuration between the
Controller and Goodrive20 Series VFD

Set the TM 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:

Step 1 Create a new project and select the menu Projects > Standard project. At this time, a new standard
project has been created, the device is TM753, the programming language is structured text (ST),
and the project information can be edited as needed.

‘=] New Project X

Categories Templates

{3 Libraries . = F

-CaEEm o T

Empty project HMI project Standard Standard
project project w...

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

Name Untitleds

Location |C:\JJsers\,Qdminish’ator\,Documents V|

| == |
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EY

. Standard Project

You are about to create a new standard project. This wizard will create the following
objects within this project:

- One programmable device as specified below

- & program PLC_PRG in the language specified below

- A cyclic task which calls PLC_PRG

- A reference to the newest version of the Standard library currently installed.

Device TM753 (INVT)

PLC_PRG in  Structured Text (5T)

Step2 Add Modbus_Masterl and Modbus_RTU_Slavel by reference to section 5.2.1 Modbus RTU Master
Configuration, set the communication parameters, and set the PLC as a Modbus_TCP slave. Then,
the variables can be displayed on the touch screen.

= Device (TM753)
D Auto scan
O, Fault diagnosis summary
=B PLC Logic
=4} Application
m Library Manager
PLC_PRG (PRG)
= @ Task Configuration
=8 MainTask
] PLC_PRG
D Variable usage
[ ™M75x-HSIO (TM75x-HSIO)
[ TM75x_HST (TM75x-HSIO)
m ModuleScan (ModuleScan)
= m Modbus_Master 1 (Modbus Master 1)
m |Modbus_RTU_SIave1 (Modbus Slave1)
m Modbus_TCF_Slave_Device 1 (Modbus TCP Sla|

2 SoftMation General A: Modbus RTU Slavel (I
L |

Step 3 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.

[ Modbus_RTU_Slavel X

Modbus slave settings

Modbuz slave zettings

Modbus communication settings

Fault diagnosis

PCI-Bus IEC Objects

Internal Parameters

Internal If0 Mapping

Status

Station mmber 1

(17247)

Timeout (mz) 1000
(100" 8EE3E)

Slave enable 1001
variable (M) {07 7999

4

4

Step4 In the Modbus Communication Settings window, add a Modbus slave communication configuration.
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[ Modbus_RTU_Slavel x

Modbus slavesettings A Neme Function code Enable type Enable varisb... Cirde tie(ms)  ReadAddress Readlength Errorhanding  WriteAddress Writelen,.. Retry times  Comment
Modb " " 0 Channel 00 (0x06) Write single register Loap execute 1000 {0x2000) 8192 1 1
ocbus communicetion settings 1 Chennel0l  (0x06) Write single register  Loop exetute 1000 (0x2001) 8193 1 1
2 Chennel02  (0x03) Read holding registers  Loop execute 1000 (x2m0)sass 1 Keep last value 1
Fault diagnosis 3 Channel03  (0x03) Read holding registers  Loop execute 200 (0x3000) 12288 & Keep last value 1

PCI-Bus [EC Objects

Step 5 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 :BOOL; // Forward

bSet AT %$MX0.1 :BOOL;// Frequency setting start
bStop AT $MX0.2 :BOOL;// Stop

brun neg AT %MX0.3  :BOOL;// Reverse
breset AT $MX0.4 :BOOL;// Error reset
bJog Pos AT %MX0.5 :BOOL; // Forward jog

bJog Neg AT $MX0.6 :BOOL; // Reverse jog

statusShow AT $MW100 :INT;// Running state display

fre :INT;// Frequency

bstatus :INT;// Running state

hfre AT %MW10 :INT;// Touch screen frequency value setting
canshu AT $Mw200 : ARRAY[1..6] OF INT;

END_VAR

In the Modbus slave communication settings window, map the control variables in the program:

Modbus slave settings Find Filter Show all - o Add FE for [0 Channel... = Go to Instance
N Variable Mapping  Channel Address  Type Unit  Description
" Channel 00 QWSS ARRAY [0..0] OF WORD (0x08) Write single register
Fault diagnosis + e Charnel 01 °QW63  ARRAY [0..0] OF WORD (0%06) Write single register
oty Channel 02 SIW72  ARRAY [0..0] OF WORD (0x03) Read holding registers
Internal /O Mapping + A Channel 03 %IW73  ARRAY [0..4] OF WORD (0x03) Read holding registers

Status

Information

| | Reset Mapping Always updatevariables |Enabled 1 (use bus cyde task if not used in any task) ~

In Channel03, read 6 addresses from 16#3000 and map them to the canshu array variable. In the array
canshul2], 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.
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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 'E | 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 the figure below.

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:
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Step 1 Create a new project and select the menu Projects > Standard Project. At this time, a new standard

project has been created, the device is TM753, the programming language is structured text (ST),
and the project information can be edited as needed.

|=] New Project

Categories

i | Libraries

= = I

Empty project  HMI project Standard Standard
project project w...

Templates

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

Name |Ur1tiﬂed].0 |

Location |C: Wsersiadministrator\Documents

=

Standard Project

You are about to create a new standard project. This wizard will create the following
objects within this project:

- One programmable device as specified below

- & program PLC_PRG in the language specified below
- A cyclic task which calls PLC_PRG

- A reference to the newest version of the Standard library currently installed.

Device TM753 (INVT)

PLC_PRGin  Structured Text (ST)

Step 2 Right-click Device in the device tree, and select Add Device to add an EtherCAT master device,

EtherCAT Master SoftMotion, Version 3.5.15.30 here.

(@ Add Device

Nome [ERercAT Moster_Softtoten_t
Acton
@ ppend device

O Updatedevice:

tring for a fulltext search ] Vendor | <allvendors> ~
Name Vendor Version Description
% @ mscelancous
= 0 Fieldbuses
- con Canbus
= o EtherCAT.
= o Master

(@ etrercar aster

() EtherCAT Master Softotion mbH_ 3.5.15.0  EtherCAT Master Softtioton
[ EtherCAT Master Softiotion | 35 - Smart Software Solutions Gbtt
0 EtherCaT Master Softvation

35 - Smart Software Solutions GmbH  3.5.15.30  EtherCAT Master,

3.515.30 _ EtherCAT Master Softéotion... |
35 -Smart Software Solutons GrbH _ 3.5.16.30 _ EterCAT Master SaftMation

. (} Home8Buiding Automation
1 Modbus

merts only) []

(@ Name:EthercAT Master Softoton
rartSoftware Solutons G

o4

Append selected device as last child of
Device

B (You con select another target node inthe navigator while this vindow is

open.)
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Step 3 Right-click EtherCAT Master SoftMotion in the device tree, and select Add Device to add 4 servo

drives, DA200-N here.

String for a fulltext search | vendor | <allvendors>

MName
= [ Fieldbuses
= poh EtherCAT
= u,-ﬁ Slave
+ - AUTO
+--[1 Bosch Rexroth AG
| Delta Electronics, Inc.
| Festo
| Hitachi Industrial Equipment Systems Co. Ltd.
[ ifm electranic - ifm electronic EtherCAT Devices
4 Inovance
L INVT
L INVT INDUSTRIAL
= Servo Drives

5

T e T

1) [pA200- EthercAT(CoE) Drive V255

[ DAZ60-M EtherCAT(CoE) Drive V265
| KEB Automation KG - C6 PROJADVANCED drive controllers
{4 Nanjing Solidot Electronic Technology Co., Ltd
[ Panasonic Corparation, Appliances Company - AC Servo Driver

[ Parker Hannifin
[ schneider Electric

L

Version De: ~

Revision=16#000000AB Ethe
Revision=167#000000A8 Ethe

Step4 Right-click INVT_DA200 in the device tree, select Add Device to add SoftMotion CiA402 Axis, and
complete the addition of 4 servo motors.

Devices > 1 X

=5 Unfitled?
= [ Device (M753)

D Auto scan
O, Fault diagnosis summary
=B PLC Logic
=} Application
@ o
m Library Manager
PLC_PRG (PRG)

] [pou (rG)

= @ Task Configuration
= g% EtherCAT Task
& rou
=g MainTask
& pLC_PRG
&ﬂ Trace
T PersistentVars
D Variable usage
= m TM75x-HSIO (TM75x-HSIO0)
ﬁ Counter( (HiSpeedCounter)
ﬁ Counter 1 (HiSpeedCounter)
[ FL2201_0008DR. {FL2201-0008DR)
[ FLa003_4DA (FL4003-4DA)
m ExtCard (ScanModule)
= m EtherCAT_Master_SoftMotion (EtherCAT Master SoftMotion)
=[] ™T_DA200_Fa6 (DA200-N EtherCAT(CoE) Drive V'1266)
H  axis (Axis)
=[] m™VT_DAZ00_255 {DA200-N EtherCAT(CoE) Drive V265)
H  Axis_1 (Axis)
=[] ™T_DA200_255_1 (DA200-N EtherCAT(CoE) Drive V265)
H  Axis_2 (Axis)
=[] ™T_DA200_255_2 (DA200-N EtherCAT(CoE) Drive V265)
H  Axis_3 (Axis)
"2 SoftMotion General Axis Pool

Step 5 Double-click the PLC_PRG and enter the following codes on the statement editor:

PROGRAM PLC PRG
VAR

iStatus: INT;
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MC Power 0: MC Power;

MC Power 1: MC Power;

MC_Power_Z: MC Power;

MC Power 3: MC Power;

MC MoveAbsolute 0: MC MoveAbsolute;
MC MoveAbsolute 1: MC MoveAbsolute;
MC MoveAbsolute 2: MC MoveAbsolute;
MC MoveAbsolute 3: MC MoveAbsolute;
END VAR

Step 6 Enter the following code in the main code editor:

CASE iStatus OF

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 , );

MC Power 3 (Axis:= SM Drive GenericDSP402 3, Enable:= TRUE, bRegulatorOn:= TRUE,
bDriveStart:=TRUE , );

IF MC Power O.Status AND MC Power l.Status AND MC Power 2.Status  AND
MC Power 3.Status  THEN

iStatus:=iStatus+1;

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,);
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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:=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, ) ;

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 eth0. Select the distributed clock as
needed. In this example, select 4000 us as the cycle time.
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[{ EthercaT_xo x
General

Function Code

Sync Unit Assignment

Log

EtherCAT IO Mapping
EtherCAT IEC Objects

Status

Information

Step 8 Click the button

EtherCAT. ™

@ sutoconfig Master/Slaves

EtherCAT NIC Setting

@ Broadcast [ Enable redundancy

Destination address(MAC) FF-FF-FFFFFFFF

Browse...

Source address (MAC) 00-00-00-00-00-00

Network Name ETHO

() Select network by MAC © Select network by name

Distributed Clock Options

[ use LRW instead of LWR/LRD

Cycle time 4000 = s

Sync offset 20 =] o ] Enable messages pertask
_ X o ° Automaticrestartslaves
[ Sync window monitaring

Sync window 1 = T

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 * 3 X
=5 Untitledd hd
= m Device [connected] (TM753)
D Auto scan
O, Fault diagnosis summary
+-E0 pLC Logic
D Variable usage
[ T™M75%-HSIO (TM75%-HSIO)
3 ‘m Modbus_TCP_Master 1 (Modbus TCP Mastel
m Modbus_TCP_Slave_Device 1 (Modbus TCP
£ ‘m Modbus_Masterl (Modbus Master 1)
m ModbusDevice2 (ModbusDevice 2)
m ExtCard (ModuleScan)
=M m EtherCAT_X0 (FtherCAT Master SoftMotior
= ) INVT_DA200_265 (DAZ00-M EtherCAT
H  axis (Axis)
= ] VT_DA200_285_1 (DA200-N EtherCA
B Axis_1 (Axis)
=45 (] VT _DA200_265_2 (DA200-N EtherCA
B Axis_2 (Axis)
=% (] VT _DA200_265_3 (DA200-N EtherCA
B Axis_3 (Axis)
% SoftMotion General Axis Pool
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PLC_PRG X | [1]

Device.Application.PLC_PRG

iStatus

MC_Power_0
MC_Power_1
MC_Power_2
MC_Power_3
MC_MoveAbsolute 0

EtherCAT_Master_SoftMotion

[ Device

g EtherCAT Task

MC_Power
MC_Power
MC_Power
MC_Power
MC_MoveAbsolute

54 5M Drive_GenericDSP402

[{ T _DA200_171

1|+ CASE iStatus[ 1 | OF

o

MC_Power 0(Axis:= SM Drive GenericDSP402, EnableEEIEL
MC_Power_l(Axis:= 5M Drive_GenericDSF402_l, Enablelil
MC Power 2(Axis:= SM Drive GenericDSP402_2, EnableIGNE
MC_Power 3 (Axis:= SM Drive GenericDSP402_3, EnablelE

=] 7 IF MC Power_ O.StatusEENEl AND MC Power_l.Status[ENE AND MC_Power 2.S5tatusii

11| 4 MC_MoveRbsolute 0 (Axis:
MC_MoveRbsolute_l (Axis
MC_MoveRbsolute_2 (hxis
MC_MoveRbsolute 3 (Axis
IF MC MoveAbsclute 0.Done

END_IF

iStatus[_1_ |:=iStatus[_ 1 }1:

SM_Drive GenericDSP402 , ExecuteEENEl
SM_Drive_GenericDSP402_1, Execute|
SM_Drive_GenericDSP402_2, Execute
SM_Drive GenericDSP402_3, Execute|
B3 AND MC Movelbsolute_l.Done|
M MavaBhanlnre M{Dyis:=M Nrive Gansri~NSP4ns

H AND MC MoveRbsclute 2.Done
Feernr=EFEMEA-= FLTSF -

, Veloeisi 3

B AND MC Movel™ 1'

TRUE, Position[ s  |:=50 , Velocityl 3 |

Position[ S0 | , Velocity[ 3 |

UE, Position[ 0 | , Velocity 3 |
Position[ 80 |

Step9 Double-click INVT_DA200 from the device tree to view or set the current motor running parameters
in the I/0 mapping interface.

General

Servo Function Code
Expert Process Data
Process Data

Startup Parameters
Online

CoE Online

EtherCAT /O Mapping
EtherCAT IEC Objects
Status

Information

Find Filter Show all ~ dk Add FB for IO Channel... Go to Instance
Variable Mapping Channel Address  Type Current Value Prepared Value Unit Description
"y Control Word %QWed  UNT 0 Control Werd
w9 Targat Postion %QD33  DINT 0 Targat Postion
L Target Veloaty %QD34 DINT 0 Target Velocity
=" Mode of Operation %QB140  SINT 8 Mode of Operation
= "y Target torque %QW7L  INT 0 Target torque
" Touch probe control %QW72  UNT 0 Touch probe control
=" Positive torque lmit %QW73  UNT 0 Positive torque imit
" Negtive torque limit %QuW74  UNT 0 Negtive torque imit
- Max profile velocity %QD3%  UDINT O Max profil velocity
ot Status Word %IW76  UINT 22096 Status Word
L Position Actual Value %3 ONT 0 Position Actual Value
w4 Speed Actual Value %o DT 0 Speed Actual Value
B4 Torque Actual Value w%ws2  INT 0 Torque Actual Value
ey Operation Mode Display ~ %[B165  SINT 8 Gperation Mode Display
- Current Actual Value %84 INT 0 Current Actual Value
4 Toutch Probe Status %wss  UNT 0 Touch Probe Status
] Touch Probe Value %D43 DT 0 Touch Probe Value
] Digital outputs %D4  UDINT 0 Digital outputs
] Digital inputs %D45  UDINT O Digitalinputs

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.

() Library Manager
Communicatian Settings
Applications

Backup and Restore
Files

Log

PLC Settings

PLC Shell

Users and Groups
Access Rights
Symbol Rights

IEC Objects

Task Deployment
Status

Informatian

(1) Device x PLC_FRG

b] Pou

[ Autoscan

pleload

CoreID:

PLC Cox:

PLC load average: 7%

e load: T8

[pidozd

Messages - Total 0 error(s), 0 warning(s), 1 message(s)

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_Task,

and

add

PLC_PRG.MC_Power_0.Axis.fActPosition

and
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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.

mm PLC_PRG.MC_Power_0.Axis ™
mm PLC_PRG.MC_Power_.Axis.f2

50

40

30

20

1m30s 4 e »

A.3 Example of CANopen Communication Configuration between the

Controller and DA200 Series Servo

By writing a small program, you can implement CANopen communication to connect DA200 series servo

drive. The operation steps are as follows:

Step1 Create the following project by reference to section 2.1.2 Creating a New Project.

Devices

* 0 X

=5 Linfitledd
=[] Device (TM753)
D Auto scan
D, Fault diagnosis summary
=B PLC Logic
=L} Application
@ o
m Library Manager
PLC_PRG (PRG)
b poU (PRE)
* 'ﬁ, Recipe Manager
- Symbol Configuration
T @ Task Configuration
=3 EtherCAT Task
] pou
=3 MainTask
] PLC_PRG
E? Trace

-

PLC_PRG X

1

PROGRAM FPLC_PRG
VAR
END VAR

SM4001:=TRUE;
SM100l:=trus;
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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

successfully.

device

profile is added

2 Device Repository

<

Location | System Repository v
(D:\Program ¥\Devices)
Installed device descriptions
Name Vendor Version 1.
[ cMMp-ASC2-34-M3_SoftMotion Festo 4800 1
[ cMMp-ASC20-11AF3_SoftMotion Festo 4800 1
[ cMMP-ASC5-11AP3440_SoftMotion Festo 4800 I
m CMMP-AS-C5-11A-P3-M3_SoftMotion Festo 4.8.0.0 I
m CMMP-AS-C5-3A-M0_SoftMotion Festo 4.8.0.0 I
m CMMP-AS-C5-3A-M3_SoftMotion Festo 4.8.0.0 I
(0 pA200 Drive: T Revision=16#00000104, FileVersion=1.1 )
() DA300 and DA180 Drive T Revision=16#00000070, FiVersion=11 ’
(H p1s-2_softMotion Metranix GmbH 44.0.0 ¢
(@ ecx10s T Revision=16#00000000, FileVersion=1.1, Fle=EC-TX105.eds
m ECOSTEP200_SoftMotion Jenaer Antriebstechnik GmbH 46.1.0 C
(T Ecovario 114/214/414_SoftMotion Jenaer Antriebstechnik GmbH 46.1.0 I
(@ emca-£c-67-...colps402) Festo 48.0.0 I
i 18DCAN CMZ CANopen node_SoftMotion Mz Sistemi Blettronic 44.0.0 1
([ 18DCAN CMZ CANapen node_Softhotion Encoder CMZ Sistemi Eletironid 44.0.0 1
() 1BMDCAN Bonfidiioi Vectron MDS GmbiH SoftMatian Banfidiol Vectron MDS GmbH 46.0.0 1

=+ @ C:\Users\administrator\Desktop\INVT_DA200_CANapen_V2.60.eds
¥ Device DA200 Drive " installed to device repository.

x

Edit Locations...

Install...
Uninstall

Export..

Details.

Close

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.

Devices

> 1 X

=5 thbtied:

= [ Device (TM753)

D Auto scan
Q. Fault diagnosis summary
=Bl PLC Logic
=1} Application
@ o
ffi) ibrary Manager
PLC_PRG (PRG)
9 rou (era)
= [# Task Configuration
= g% EtherCAT Task
8] rou
= @ MainTask
8] pLC_PRG
af Trace
T Persistentvars
[ variable usage
= [ ™75x-HSIO (TM75%-HSIO)
(3 countern (HiSpeedCounter)
(- countert (HiSpeedCounter)
[ FL2201_000BDR (FL2201-0008DR)
[ FL4003_4DA (FL4D03-4DA)
m ExtCard (ScanMadule)
i EtherCAT_Master_SoftMotion (EtherCAT Master SoftMotion)
=[] canbus (CANbus)
[ [cAnopen_Manager (CANpen_Manager)

‘& SoftMotion General Axis Paol

(i) Library Manager
Ext Card Config
PCI-Bus IEC Objects
CPU Scan Parameters
Status

Information

@ Device

PLC_PRG fig Pou [ Autoscan
Please select the device type of Ext Card
() None 4G

[ ExtCard x
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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.

[ Add Device

Name ‘EmerCAT_Master_Sofﬂ\Auﬁon_l

Action

(® Append device

(0) Update device

String for a fulltext search

| Vendor | <All vendors>

E Ethernet Adapter

— EtherNet/IP

£} HomesBuilding Automation
¥t Modbus

% Profibus

# Profinet 10

B e B B B

S sercos

Name Vender Version  Description
- (i Miscellaneous
= [ Fieldbuses
+ - (AN CANbus
= nai} EtherCAT
=i e Master
(4 ethercaT Master 35 - Smart Software Solutions GmbH  3.5.15.30  EtherCAT Master...
4 EtherCAT Master SoftMotion 35 - Smart Seftware Solutions GmbH 3.5.15.0 _ EtherCAT Master SoftMotion. ..
| [ EthercaT Master Softvotion | 35 - Smart Software Solutions GmbH | 3.5.15.30  ERherCAT Master SoftMotion...
) EthercaT Master SoftMotion 35 - Smart Software Solutions GmbH  3.5.16.30  EtherCAT Master SoftMotion. ..

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

m Mame: EtherCAT Master SoftMotion

Categories: Master
Version: 3.5.15.30
Order Number:

Vendor: 35 - Smart Software Solutions GmbH

Description: Ether CAT Master SoftMotion...

M

Append selected device as last child of
Device

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

Add Device Close

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:

=3[ cANbus (CANbus)

= ﬂi CAMopen_Manager (CANopen_Manager)
[ DA200_Drive (DA200 Drive)
"% SoftMotion General Axis Pool

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.
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SYMNC
@ Enable SYNC producing

COBID (Hex)  16% |30
Cycle period {ps) G0000

Window length {ps) 53000

Enable SYNC consuming

4k

4k

®  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

slave.

[ pA200_brive x

General
General
PDOs NodeID |1 =
SD0s (] Enable expert settings
() Enable SYNC producing
Log

Guarding
CANopen If0 Mapping

Enable nodeguarding
CANopen IEC Objects
Guard time {ms) o

Status Life time factor o
Information Emergency (EMCY)

Enable emergency (EMCY)

COB ID SNODEID +16+80

Checks at Startup

@ check vendor ID [ Check product number

CANcpen

@ Enable heartbeat producing
Producer time {ms) 200 =

Fl

Heartbeat consuming (1f1 active)

TIME

[C) Check revision number
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Appendix B SMC_ERROR Description

Error . s
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
Positi thin th
10 Drivelnterface  |SMC_DI_SWLIMITS_EXCEEDED osition output wit .|n.t €
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_N |The controlleris not enabled or
20 generating function . .
OT_SET the brake is applied
blocks
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 L
. . 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
7 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
& 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 N
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
. 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
276 MC_MoveSuperimpo|SMC_MSI_INVALID_VELACC_VALU |Invalid velocity or acceleration
sed ES values
MC_M |
277 c ovz::per 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_AccelerationPro .
375 file SMC_AP_ARRAYSIZE Erroneous array size
i
MC_AccelerationPro .
376 file 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
496 SMC_MoveContinuo |[SMC_MCR_INVALID_VELACC_VAL |Invalid velocity or acceleration
usRelative UES values
SMC_MoveConti
427 —MOVELOMHINUG oy - MCR_INVALID_DIRECTION  |Direction error
usRelative
451 |SMC_MoveContinuo [SMC_MCA_INVALID_VELACC_VAL (Invalid velocity or acceleration
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Error . efl
Module ENUM Variable Description
Number
usAbsolute UES values
SMC_MoveContinuo . .
452 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
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_CamIN E Master axis out of valid range
Velocity and acceleration values
SMC_CI_RAMPIN_NEEDS_VELACC " .
627 MC_CamIN must be specified for ramp_in
_VALUES .
function
Scaling variables
628 MC_CamIN 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 . .
os format is not implemented
675 MC_Gearin SMC_GI_RATIO_DENOM RatioDenominator=0
676 MC_Gearln SMC_GI_INVALID_ACC Acceleration invalid
677 MC_Gearlin SMC_GI_INVALID_DEC Deceleration invalid
Velocity and
725 MC_Phase SMC_PH_INVALID_VELACCDEC |acceleration/deceleration values
invalid
R 3 < with fPositionPeri
726 MC_Phase  |SMC_PH_ROTARYAXIS_PERIODO _%tat'on axis with fPositionPeriod
All modules using Tvoe of given cam is not
iv i
750 | MC_CAM_REFas |SMC_NO_CAM_REF_TYPE ypeolg
. MC_CAM_REF
input
Master axis area (xStart and xEnd)
SMC_CAM_TABLE_DOES_NOT_C .
751 |MC_CamTableSelect from CamTable is not covered by
OVER_MASTER_SCALE
curve data
Duri . ¢ -
SMC_GIP_MASTER DIRECTION_c |[PUTTng coupling of slave axis,
775 MC_GearlnPos master axis has changed direction
HANGE .
of rotation
SMC_BacklashCom Gear backlash fBacklash too large
800 - . P SMC_BC_BL_TOO_BIG L . &
ensation (> position period/2)
CNC function blocks
which are . .
1000 . SMC_NO_LICENSE Target is not licensed for CNC
supervising the
licensing
Path cannot be processed
1001 SMC_Interpolator [SMC_INT_VEL_ZERO g .
because set velocity =0
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Error . efl
Module ENUM Variable Description
Number
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_Interpolator |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_Interpolator op - T T ~ T |Velocity at Stop>0
SMC_INT_TOO_MANY_RECURSIO |Too many SMC_Interpolator
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_Interpolator |SMC_INT_PATH_EXCEEDED Internal/numeric error
Velocit d lerati
1008 | SMC_Interpolator |SMC_INT VEL_ACC_DEC_zERQ | c\0city and acceleration/
deceleration is null or too low
1009 SMC_Interpolator |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 fGapVelocity /
SMC_Controlaxisbyp|SMC_CA_INVALID_ACCDEC_VALU .
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 £ 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
All function blocks Given OutQueue is not of the
1501 anet SMC_NO_OUTQUEUE_TYPE Iven OutQueue |
using SMC_OUTQUEUE type
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Error . efl
Module ENUM Variable Description
Number
SMC_OUTQUEUE
. SMC_3D_MODE_NOT_SUPPORTE |Function block only works with
1600 |CNC function blocks
D 2D 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
| tpvld t pointt
2005 | SMC_ReadNCFile |SMC_RNCF_NOT_VARLIST nput pvidoesnotpointioa
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 —ISUIag ! - - - File could not be opened
Log ENED
L . 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 A
2202 SMC_ReadCAM VPE 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 = ,IV - - - ~ |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 D - T - - Filter depth invalid
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