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Preface 

Thank you for using the AX series programmable controller (programmable controller for short). 

This manual contains the information required to use the AX series programmable controllers. Please read this manual 

carefully before using the product. Then you can fully understand the functions, performance, and system build-up, which 

helps to give full play to the advanced performance. 

 

Target audience 

Personnel with electrical professional knowledge (such as qualified electrical engineers or personnel with equivalent 

knowledge) 

 

Applicable product 

AX70 programmable controller 

AX71 programmable controller 

AX series programmable controller expansion modules 

 

Online support 

You can also obtain product documentation and technical support from INVT website: 

http://www.invt.com  

 

If the product is ultimately used for military affairs or weapon manufacture, abide by the export control regulations in the 

Foreign Trade Law of the People's Republic of China and complete related formalities. 

The manual is subject to change without prior notice. 

 

http://www.invt.com/solutions/
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 Product Introduction 1

1.1 AX70 series programmable controller 

1.1.1 Overview 

The AX70 series programmable controller is a high-performance programmable controller designed with a modular 

structure to provide users with intelligent automation solutions. It adopts IEC61131-3 programming language system and 

supports six standard programming languages: IL, LD, FBD, ST, SFC, and CFC. High-level motion control functions such 

as electronic cams, electronic gears, synchronous control, and positioning can be realized through EtherCAT bus. 

Supporting 200 kHz high-speed I/O, the programmable controller can realize motion control functions such as linear 

interpolation and circular interpolation. 

The programmable controller is rack-mounted. Each rack can embrace 16 functional extension modules, including digital 

input/output modules, analog input/output modules, temperature modules and communication modules. Remote I/O 

extension can be carried on via EtherCAT fieldbus. 

In addition, programmable controller supports various communication interfaces such as EtherCAT, CANopen, RS485 and 

Ethernet to meet the diverse application requirements of users. 

1.1.2 Product configuration and module description 

The AX70-C-1608P programmable controller CPU supports the following modules: power supply module, digital input 

module, digital output module, analog input module, analog output module, temperature module and communication 

module. The diagram of system combination is as follows. 
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Figure 1-1 System integration 

1.1.3 System application process 

 

 

1 
ÅInstall the power supply module, CPU module, and expansion modules. 

2 
ÅProvide power and perform wiring for related modules. 

3 

ÅTurn on the power only after confirming that the wiring of each module is correct 
and the power supply voltage meets the specifications. 

4 
ÅConnect the computer that hosts Invtmatic Studio to the CPU module.  

5 

ÅDownload the program created on Invtmatic Studio and related parameters to the 
CPU module. 

6 

ÅEnsure that the nixie tube of the CPU module does not show any fault code and the 
fault indicators of the CPU module and other modules do not turn on.                    
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1.2 Programming platform 

1.2.1 Invtmatic Studio 

Invtmatic Studio is a programming platform developed by Shenzhen INVT Electric Co., Ltd. It fully supports the 

IEC61131-3 programming language system and six standard programming languages: IL, LAD, FBD, SFC, ST, and CFC. 

1.2.2 Software programming interface 

The interface of Invtmatic Studio software after creating an application project is shown as follows. 

 

Figure 1-2 Invtmatic Studio software application engineering interface 

1.3 PLCopen specification 

Founded in 1992, PLCopen is a vendor- and product-independent worldwide association. One of the core activities of 

PLCopen is focused around IEC 61131-3, the only global standard for industrial control programming. A standard 

programming interface allows people with different backgrounds and skills to create different elements of a program 

during different stages of the software lifecycle: specification, design, implementation, testing, installation and 

maintenance. Yet all pieces adhere to a common structure and work together harmoniously. The standard includes the 

definition of six programming languages: Continuous Function Chart (CFC), Sequential Function Chart (SFC), Instruction 

List (IL), Ladder Diagram (LD), Function Block Diagram (FBD) and Structured Text (ST). Via decomposition into logical 

elements, modularization, and modern software techniques, each program is structured, increasing its re-usability. For 

programmers, the programming technology based on IEC61131-3 can be widely used in the entire industrial control field. 

Invtmatic Studio programming platform used in AX series programmable controller fully supports the PLCopen 

specification and allows users to reference many standard function libraries. The high-level language programming 

approach makes it easy for controller manufacturers and users to develop their own proprietary function blocks and 

instruction libraries and to borrow existing similar control programs to form industry-specific "process packages", which 

can significantly improve user programming efficiency. 
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 Getting Started 2

2.1 Software installation and uninstallation 

2.1.1 Software obtaining 

INVT AX series programmable controller user programming software contains Invtmatic Studio platform, installation files 

and related reference materials. You can get them by the following ways: 

Õ Visit INVT website (www.invt.com) and go to Support > Download > Software to download the software installation 

package for free. 

Õ Obtain software installation CDs from all levels of INVISTA distributors. 

2.1.2 Software installation requirements 

You can install the software on a computer or desk: 

Õ Installed with Windows XP/ Windows 7/ Windows 8/ Windows 10 operation system 

Õ CPU clock speed: 2GHz or higher 

Õ Memory: 2GB or higher 

Õ Available hardware space: 5GB or higher 

2.1.3 Preparing 

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. 

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 2-1 Version information 

2.1.4 Installing the software 

1. Locate the installation file storage path, and double-click Invtmatic Studio Setup 64 V1.0.2.exe. 

The installation starts. See the following figure. 
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Figure 2-2 Installation preparation 

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

 

Figure 2-3 Installation wizard 

3. Then the license agreement dialog box appears. Select I accept the terms in the license agreement, and then 

click Next. 
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Figure 2-4 License agreement 

4. Set the software installation path, and click Next. 

 

Figure 2-5 Installation path 

5. The installation component selection interface appears. Select an installation option. If you have no special 

requirement, keep the default selection, and click Next. 
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Figure 2-6 Installation type 

6. When the following interface appears, click Install. 

 

Figure 2-7 Start installation 

7. An installation progress bar appears. Click Finish when the installation is completed. 
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Figure 2-8 Installation progress 

 

Figure 2-9 Installation complete 

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: 

1. Shut down Invtmatic Studio running programs, including the backend running program. 

2. Enter the control panel, find and right-click Invtmatic Studio, and click Uninstall. 

3. Wait until the software is uninstalled. 

2.2 AX70 series hardware connection 

The hardware connection between an upper computer and programmable controller: 
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Method A: Using Mini USB cable 

Method B: Using LAN network cable 

A

B

 

Figure 2-10 Hardware connection diagram 

2.3 PC communication configuration 

1. 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 AX series is 192.168.1.10, so 

the IP address of the PC should be set to 192.168.1.xxx. (xxx means any integer value in the range of 1Є254 except 

the end address of the controller IP). 

 

Figure 2-11 PC communication configuration for LAN network cable connection 

2. If the hardware is connected with Mini USB cables, configure the PC as follows: 

Õ Install USB drive 

1) In Computer Management window, select Device Manager, right click the RNDIS/Ethernet Gadget device 
and select Update driver. 
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Figure 2-12 RNDIS/Ethernet Gadget  

2) Select Browse my computer for driver software > Let me pick from a list of device drivers on my 
computer > Network adapter > Microsoft Corporation > Remote NDIS Compatible Device, and then 
click Next. 

 

Figure 2-13 Select driver software 

3) After the installation, start the controller and connect it to the PC with a Mini USB cable. The USB driver is 
displayed in the computer device manager. 

 

Figure 2-14 Install the driver 

Õ Configure USB IP address 

1) Go to Control Panel > Network and Internet, right click Local Area Connection of RNDIS and select 
Properties. In the Properties window, select Internet Protocol Version 4 (TCP/IPv4). 
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Figure 2-15 Select local area connection of RNDIS 

2) Configure the IP address on network segment 192.168.2.xxx, in which xxx is within 1-255. Click OK to 

complete the IP address configuration. 

 

Figure 2-16 IP address configuration 

2.4 Project creation 

2.4.1 Starting the programming environment 

1. Double-click the software icon of Invtmatic Studio. The programming environment is as follows: 
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Figure 2-17 Invtmatic Studio homepage 

2. In the tool bar, select Tool > Device repository to add a device profile. 

 

Figure 2-18 Add device profile 

3. In the Device repository pop-up window, click Install. 
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Figure 2-19 Install device 

4. From the Install device profile window, select the device profile to be installed from a local folder and then click 

Open. 

 

Figure 2-20 Install device profile 

Note: All device profiles provided by INVT can be added by following the steps above. 

2.4.2 Creating new project 

1. Click the project creation icon  at the upper left corner or choose File > New Project, or directly click New Project 

in the window to quickly create a project. Select the project category, template, save path and file name, as shown in 

the following figure. 
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Figure 2-21 New project 

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

See the following figure. 

 

Figure 2-22 Standard project setting page 

3. On the configuration and programming interface, double-click PLC_PRG(PRG) to write programs. See the following 

figure. 
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Figure 2-23 Invtmatic Studio configuration and programming page 

2.5 Typical steps of project writing 

From the above example, writing a user program with MC motion control functions generally requires the following steps. 

1. Application system hardware configuration 

Configure network according to the main controller, expansion module, network type, servo slave node and other 

hardware used. 

2. 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 a POU (such as POU2). 

3. Servo driver parameter configuration 

Configure the objects of SDO and PDO according to the servo name in the hardware configuration and the operation 

mode of the servo. Ensure that the communication objects required between the MC function block of the user 

program and the servo are filled in the configuration table. 

4. 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 command of the control 

object corresponds accurately to the actual displacement. 

5. Task arrangement 

Based on the real-time requirements of control, execute the motion control function POU1 in the EtherCAT task and 

set the cycle to 4ms, the priority to 0; execute the common logic control POU2 in common tasks and set the cycle to 

20ms, the priority to 16. 

6. Online debugging 

Connect the AX70 programmable controller to PC via LAN network correctly. Power on the programmable controller, 

download and debug the user program, and eliminate user program bugs (if possible, you can connect the servo 

drive system to the programmable controller and then debug. If the servo system is not available, you can set the 

servo as a virtual axis; if the programmable controller is not available, you can simulate and debug the user program 

on the PC to eliminate possible errors in the user program). 
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2.6 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 AX7x CPU programmable controller to implement the following functions: 

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

The programming method and steps of the routine are as follows: 

1. Add the corresponding equipment: EtherCAT master node, servo drive, motor shaft. 

2. Handle the motion control of the servo in the high real-time EtherCAT task cycle. 

3. Set relevant parameters. 

4. Write program. 

2.6.1 Adding devices 

1. Add an EtherCAT SoftMotion master node and an EtherCAT network bus. 

 

 

Figure 2-24 Add EtherCAT master node 
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2. Add a servo device. 

 

 

Figure 2-25 Add EtherCAT slave node 

3. Add a servo axis. 

 

Figure 2-26 Add a servo axis 
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2.6.2 Writing a function to handle POU 

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 at the same time as the new project 

is created. The servo control program code can be written in the PLC_PRG. 

 

Figure 2-27 PLC_PRG programming page 

2.6.3 Setting motor parameters 

For precise control of the movement position, the programmable controller must accurately calculate the position of the 

servo motor. Based on the operating characteristics and stroke characteristics of the application system, select the Axis 

type and limit. Therefore, the programmable controller can calculate the feedback information of the motor encoder to 

obtain the accurate position, and then avoid errors caused by the accumulated overflow of the encoder pulse number. 

 

Figure 2-28 Motor parameter settings 
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For the reciprocating mechanism of the lead screw type, Finite is preferred as the lead screw stroke is limited and we 

should know its absolute position within the stroke range. 

For a single-direction shaft, 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 deceleration 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 2-29 Motor encoder parameter settings 

The DA200 servo matching motor has two typical resolutions. The resolution of normal incremental encoders is 20bit, that 

is, 1048576 pulses per revolution; and the resolution of absolute encoders is 23bit, i.e. 8388608 pulses per revolution. In 

actual operation, the programmable controller sends the required number of pulses to the servo drive by EtherCAT 

communication to control the servo operation. Therefore, the encoder resolution needs to be accurately set according to 

the actual situation, as shown in the figure above. Take a 20bit encoder without a reducer as an example. When the servo 

is commanded to run 1 unit, the servo will select 1 revolution (axis moves 360°). If the field unit in application (circled i n 

red in the figure above) is set to 360, the servo will select 1/360 circle (axis moves 1°) when the servo is commanded to 

run 1 unit, and so on. After setting the corresponding parameters (commonly known as electronic gear ratio) according to 

the actual mechanical structure, you can input the distance command according to the physical unit of the application 

system movement distance, making the control parameters intuitive and easy to understand. 

Please note that only integer numbers can be entered in the fields circled in red in the figure above. Because the ratio of 

the parameters in the corresponding rows on the left and right sides is effective, you can enter appropriate integer values 

in the corresponding rows on the left and right sides. For example, to enable the drive lead with screw rod 6.8mm (that is, 

the screw rod rotates 1 circle and the screw slide block moves 6.8mm) to move after the servo motor passes through a 

mechanical deceleration mechanism with a ratio of 4:1, please set as shown in the following figure. 

 

Figure 2-30 Setting example 

The dimension of the parameters circled in red can be used as the dimension of the distance in the MC control command 

later. The settings of the servo driver and motor described above must be set and verified in the corresponding items of 

the servo axis, otherwise the motor will not operate as expected. 
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2.6.4 Writing motor positive and reverse 

For the motion control of the servo axis, the default synchronization period is 4ms. Users can choose according to the 

actual need, as shown in the following figure. 

 

Figure 2-31 Servo axis motion control cycle setting 

The program in the above figure is written in ST language. The relevant code is as follows: 

 

Figure 2-32 ST codes 

2.6.5 Compiling user program 

If there is a writing error, the error type and reason will be listed in Figure 2-28. Double-click the error description, and the 

cursor will jump to the corresponding program editing window to facilitate revision. After the revision, compile again until 

all compilation problems are eliminated. 
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Figure 2-33 Program compilation 

Finally, download the user program to the AX7x CPU module. 

 

Figure 2-34 User program download 

2.6.6 Running monitor program 

After logging in to the device through the button marked in a red square in figure 2-34, the program is running if you can 

observe the actual operation of the servo or check the position value of the servo axis of the host computer. At this point, 

the required servo jogging and the 2-cycle running triggering functions has been implemented, which shows the 

programming process is complete. 
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 Network Configuration 3

The network configuration of programmable controllers mainly includes: ModbusTCP, ModbusRTU, EtherCAT, and 

CANopen. 

3.1 ModbusTCP 

3.1.1 ModbusTCP_Master  

The number of variables that ModbusTCP can access is defined as follows: 

Õ Read coil (0x01), number of coils 1ï2000 (0x7D0) 

Õ Read discrete coils (0x02), number of coils 1ï2000 (0x7D0) 

Õ Read holding register (0x03), number of registers 1ï125 (0x7D) 

Õ Read input register (0x04), number of registers 1ï125 (0x7D) 

Õ Write a single coil (0x05) 

Õ Write a single register (0x06) 

Õ Write multiple coils (0x0F), number of coils 1ï1968 (0x7B0) 

Õ Write multiple register (0x10), number of register 1ï120 (0x78) 

ModbusTCP_Master is an important component of the ModbusTCP_Master function module. Before using the master 

node, the corresponding library files must be added as follows: 

 ̧ Create an application project for the ModbusTCP_Master. 

 ̧ Add the library file "CmpModbusTCP_Master_1.0.0.0.library" required by this module. 

3.1.2 ModbusTCP_Slave 

 ̧ Create an application project for the ModbusTCP_Slave. 

 ̧ Add the library file "ModbusTCP_Slave_1.1.0.0.library" required by this module. 

The ModbusTCP_Slave defines the storage area that can be accessed from outside. The detailed area is as follows: 

Table 3-1 ModbusTCP_Slave function codes 

Function code of TCP 

master node 
Address name Range Offset 

01 %QX 0.0-511.7 N/A 

05 %QX 0.0-511.7 N/A 

02 %IX 0.0-511.7 N/A 

04 %IW 0-511 N/A 

03/06 %MW 0-8192 5000 

03/06 %QW 0-511 N/A 

01 %MX 0.0-8191.7 5000 

05 %MX 0.0-8191.7 5000 
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3.2 ModbusRTU 

AX70-C-1608P supports two Modbus serial communications, COM1 and COM2, both of which support the standard 

ModbusRTU protocol, and can be independently configured as a master or slave, supporting 2400, 4800, 9600, 19200, 

38400, 57600, 115200, etc. 7 baud rates. 

The number of variables that ModbusRTU can access is defined as follows: 

Õ Read coil (0x01), number of coils 1ï2000 

Õ Read discrete coils (0x02), number of coils 1ï2000 (0x7D0) 

Õ Read holding register (0x03), number of registers 1ï125 (0x7D) 

Õ Read input register (0x04), number of registers 1ï125 (0x7D) 

Õ Write a single coil (0x05) 

Õ Write a single register (0x06) 

Õ Write multiple coils (0x0F), number of coils 1ï1968 (0x7B0) 

Õ Write multiple register (0x10), number of register 1ï120 (0x78) 

3.2.1 ModbusRTU_Master 

Create an application project for the ModbusRTU_Master. There are two serial ports in AX70. To add ModbusRTU_Master 

module, the corresponding library files "ModbusRTU_Master1_1.0.0.0.library" and "ModbusRTU_Master 

2_1.0.0.0.library" are needed (ModbusRTU_Master1_1.0.0 .0.library for the hardware COM1 port and 

ModbusRTU_Master2_1.0.0.0.library for the hardware COM2 port). 

3.2.2 ModbusRTU_Slave 

Create an application project for the ModbusRTU_Slave. There are two serial ports in AX70. To add ModbusRTU_Slave 

module, the corresponding library files "ModbusRTU_Slave1_1.1.0.0.library" and "ModbusRTU_Slave2_1.1.0.0.library" 

are needed (ModbusRTU_Slave1_1.1.0.0.library for the hardware COM1 port and ModbusRTU_Slave2_1.1.0.0.library for 

the hardware COM2 port). 

The ModbusRTU_Slave defines the storage area that can be accessed from outside. The detailed area is as follows: 

Table 3-2 ModbusRTU_Slave function code 

Function code of RTU 

master node 
Address name Range Offset 

01 %QX 0.0-511.7 N/A 

05 %QX 0.0-511.7 N/A 

02 %IX 0.0-511.7 N/A 

04 %IW 0-511 N/A 

03/06 %MW 0-8192 5000 

03/06 %QW 0-511 N/A 

01 %MX 0.0-8191.7 5000 

05 %MX 0.0-8191.7 5000 

3.3 EtherCAT master node 

For the parameter configuration of the EtherCAT master node, please refer to the relevant instruction in Invtmatic Studio 

help documents. Here is an example of the connection between an EtherCAT master and a DA200 servo drive slave for 

reference. 
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1) Creating the DA200 servo application project 

Add the library file "INVT_DA200_171.devdesc.xml" required for this module. 

Note: 

1. The highest priority is recommended for the creation of EtherCAT Master SoftMotion projects. 

2. It is recommended that the synchronization period and the task period be set consistently at 4ms or more. 

3. Create EtherCAT Master SoftMotion through a separate task. Separate the EtherCAT Master SoftMotion tasks from 

I/O, analog input/output, Modbus communication and other tasks. 

2) Select the motion controller device profile in the device tree, right-click on it and add the EtherCAT Master SoftMotion 

as shown in the following figure. 

 

Figure 3-1 Add the EtherCAT motion control master 

3) Select EtherCAT_Master_SoftMotion in the device tree, right-click on it and add INVT DA200 servo drive as shown in 

the following figure. 
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Figure 3-2 Add the DA200 servo drive 

4) Select the INVT_DA200_171 in the device tree, right-click on it and add the motor axis (select SoftMotion's CiA 402 

axis). Add the call program as shown in the following figure. 

 

Figure 3-3 DA200 servo drive application example 

 

3.4 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). 



AX series programmable controller software manual  Network Configuration 

-26- 

Management message 

Layer management, network management and ID assignment services: such as initialization, configuration and network 

management (including: node protection). 

The services and protocols conform to the LMT, NMT and DBT services sections of the CAL. These services are based on 

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. 

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. 

The protocol confirms the service type: generating an answer for each message (two IDs are required for an SDO). SDO 

request and answer messages always contain 8 bytes (meaningless data lengths are indicated in the first byte which 

carries the protocol information). SDO communication has many protocols. 

Process Data Object (PDO) 

PDO is used to transfer real-time data from a creator to one or more recipient s. 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 recipient s know the data content of the PDO. 

Each PDO is described by two objects in the object dictionary: 

1) PDO communication parameters: determine which COB-ID will be used by the PDO, transmission type, prohibition time, 

and timer period. 

2) 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: 

1) Synchronization (by receiving SYNC objects) 

Aperiodic: The transmission is pre-triggered by a remote frame or by an object-specific event defined in the device profile.  

Periodic: The transmission is triggered after every 1 to 240 SYNC messages. 

2) Asynchronization  

The transmission is triggered by a remote frame or by an object-specific event defined in the device profile. 

Predefined messages or special function objects: 

 ̧ SYNC 

 ̧ Time Stamp 

 ̧ Emergency 

 ̧ Node guarding 
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3.4.1 CANopen master node configuration 

3.4.1.1 Master node usage process 

 ̧ Install the CANopen slave devices. 

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. 

 ̧ Add CANbus to the device tree. 

The base node of CANopen (the uppermost entry in the CANbus configuration tree) must be a CANbus object. A CANbus 

can be inserted underneath the AX70-C-1608P device node. The device tree structure after adding a CANbus is shown in 

the following diagram. 

 

Figure 3-4 Device tree structure with a CANbus 

3.4.1.2 Adding CANopen management device 

Under the CANbus, add a CANopen Management device, which can be used as a CANopen master. The device tree 

structure after adding the device is shown in the following diagram. 

 

Figure 3-5 Device tree structure with a CANopen master 

3.4.1.3 Adding CANopen slave node 

Take our TC-TX105 CANopen communication card as an example. Add the slave communication card under CANopen 

Manager after adding the EDS file of this communication card, as shown in the following diagram. 
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Figure 3-6 Device tree structure with a CANopen slave 

The software configuration of the CANopen master is complete. 

3.4.2 Parameter configuration of CANopen master  

Configure Network and Baud Rate of the CANbus first. 

Network: the number of CAN networks connected via the CANbus, range: 0ï100. 

Baud Rate: the baud rate used for transmission on the bus, the following baud rates can be set: 10000, 20000, 50000, 

100000, 125000, 2500000, 500000, 800000 and 1000000. 

 

Figure 3-7 Parameter configuration of CANbus 

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. 
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Figure 3-8 Parameter configuration of CANopen master 

Node ID: 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). 

Guarding: Heartbeat mode is a traditional protection mechanism that can be handled by the master station and the slave 

station modules, different form node protection. Normally the master is configured to send a heartbeat to the slave. 

Enable heartbeat producing: If this option is enabled, the master will send heartbeats continuously according to an 

internally defined heartbeat time. If a new slave heartbeat function is added, their heartbeat actions will be automatically 

activated and configured, i.e. the node ID is automatically set in the management configuration and the heartbeat interval 

is automatically multiplied by a factor of 1 and 2. If this option is disabled, the node protection (with a life time factor of 10 

and a protection time of 100ms) is activated in the slave. 

Node ID: Unique identifier of heartbeat generation (1ï127) on the bus. 

Producer time (ms): Defines the internal heartbeat time in milliseconds. 
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 Module Configuration 4

4.1 CPU module 

Please follow the steps to configure the AX70 motion controller real time and IP address. 

Step 1 Create a controller Cfg project. 

Add the library file CmpPlcCfg_1.0.0.2.library required for this module to create a standard. 

Step 2 Define and use variables. 

Table 4-1 Variable definition 

Variable Type Function Remarks 

setEnable 

INPUT 

BOOL Time setting function 
0: Disabled 

1: Enabled 

getEnable BOOL Time reading function 
0: Disabled 

1: Enabled 

inDate ARRAY OF UINT 
Date to be entered in 

format: year month day 
E.g. 2018  12  26 

inTime ARRAY OF UINT 

Time to be entered in 

format: hour minute 

second 

E.g. 14  48  56 

rEnable BOOL IP settings function 
0: Disabled 

1: Enabled 

wEnable BOOL IP reading function 
0: Disabled 

1: Enabled 

new_IP STRING Set a new IP E.g. 192.168.1.16 

new_netmask STRING Set a new subnet mask E.g. 255. 255. 255.0 

setDone 

OUTPUT 

BOOL 
Completion mark of time 

setting 

0: The execution of 

commands is in progress. 

1: The execution of 

commands is completed. 

getDone BOOL 
Completion mark of time 

obtaining 

0: The execution of 

commands is in progress. 

1: The execution of 

commands is completed. 

setError INT Error sign 
See Controller Cfg error 

code table 

ErrorID INT Error code 
See Controller Cfg error 

code table 

outTime ARRAY OF UINT 

Read the native hour, 

minute and second 

information. 

E.g. 14  48  56 

outDate ARRAY OF UINT 

Read the native year, 

month and day 

information. 

E.g. 2018  12  26 
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Variable Type Function Remarks 

Done BOOL Completion mark 

0: The execution of 

commands is in progress. 

1: The execution of 

commands is completed. 

read_IP STRING IP read E.g. 192.168.1.16 

read_netmask STRING Subnet mask read E.g. 255. 255. 255.0 

 

Table 4-2 AX70 native time configuration 

Variable Function Remarks 

setEnable Time setting function 
0: Disabled 

1: Enabled 

getEnable Time reading function 
0: Disabled 

1: Enabled 

inDate 
Date to be entered in format: 

year month day 
E.g. 2018  12  16 

inTime 
Time to be entered in format: 

hour minute second 
E.g. 14  48  56 

According to the time array in format inTime and inDate, where inTime[0] is hour, inTime[1] is minute, inTime[2] is second, 

inDate[0] is year, inDate[1] is month, inDate[2] is day, enter the time (all inputs are required). After the settings, enable 

setEnable to set the above time to AX70 current time. 

Enable getEnable to get the real time of AX70, which is displayed in outTime and outDate arrays. 

Table 4-3 AX70 local IP configuration 

Variable Function Remarks 

rEnable IP setting function 
0: Disabled 

1: Enabled 

wEnable IP reading function 
0: Disabled 

1: Enabled 

new_IP Set a new IP E.g. 192.168.1.16 

new_netmask Set a new subnet mask E.g. 255. 255. 255.0 

Enter the IP and subnet mask in the required format, and then enable wEnable to set the above IP or subnet mask to the 

current IP or subnet mask of AX70 after entering the setup time. 

Note: The USB virtual network port is independent of the EtherNET network port, and the IP or subnet mask modified by 

CmpPlcCfg_1.0.0.2.library is still the IP or subnet mask of the EtherNET network port when the device is connected with a 

USB. After the IP or subnet mask modification, it will take some time for the AX70 to connect to Invtmatic Studio on the 

PC. 

Enable rEnable to get the IP address and subnet mask of the controller, which are displayed in the read_IP and 

read_netmask strings respectively. 
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4.2 High speed I/O module 

4.2.1 Creating high speed I/O module project 

Create the high speed I/O module application and add the corresponding application codes directly. Then add the 

corresponding variable mapping in HIGH_PULSE_IO device tree. 

HSIO stands for High Speed Input and Output. HSIO can be used for high speed counting and high speed pulse output 

with three interrupt functions that can be configured as needed. HSIO contains the device profile Shenzen 

INVT-AX70-CPU_1.x.x.x.devdesc, the high speed counting function block library CmpHSIO_C.library and the motion 

control function block library CmpHSIO_M.library. 

The HSIO device profile is used to configure various functions of the high-speed IO, including input/output port function, 

counter, high-speed pulse output, filter parameters, and interruption. 

The high-speed counting function block library CmpHSIO_C.library contains several function blocks, such as counter 

setting, count value reading, latching, preset value, pulse width measurement, timing sampling, and count value 

comparison. These function blocks can be called to complete the application needed for counting. 

The motion control function block library CmpHSIO_M.library is described in detail via dedicated instructions. 

At present, AX70&AX71 programmable controller integrates 16-channel 200kHz pulse input and 8-channel 200kHz pulse 

output which supports pulse+direction mode, FWD/REV pulse mode and quadrature pulse mode, and each port can be 

configured with different functions. The configuration table is shown as follows. 

Input 

port 

Common 

input 

function 

(default) 

Counting 

function 

Trigger 

latching 

and 

Z-signal 

function 

Positive 

and 

negative 

limit 

zero 

function 

Pulse 

width 

measure

-ment 

function 

Output 

port 

Common 

input 

function 

(default) 

High speed pulse 

output function 

Compare 

Output 

Function 

Function 

value is 0 

Function 

value is 1 

Function 

value is 2 

Function 

value is 

3 

Function 

value is 4 

Function 

value is 1 

Function value is 

2 

Function 

value is 3 

X0 
Common 

input 
C0A/CW0  CH0N  Y0 

Common 

output 
CH0CW/PULS0 CMP0 

X1 
Common 

input 
C0B/CWW0  CH1N  Y1 

Common 

output 
CH0CCW/SIGN0 CMP1 

X2 
Common 

input 
C1A/CW1  CH2N  Y2 

Common 

output 
CH1CW/PULS1 CMP2 

X3 
Common 

input 
C1B/CWW1  CH3N  Y3 

Common 

output 
CH1CCW/SIGN1 CMP3 

X4 
Common 

input 
C4A/CW4 C0Z CH0P  Y4 

Common 

output 
CH2CW/PULS2 CMP4 

X5 
Common 

input 
C4B/CWW4 C1Z CH1P  Y5 

Common 

output 
CH2CCW/SIGN2 CMP5 

X6 
Common 

input 
C5A/CW5 C2Z CH2P  Y6 

Common 

output 
CH3CW/PULS3 CMP6 

X7 
Common 

input 
C5B/CWW5 C3Z CH3P  Y7 

Common 

output 
CH3CCW/SIGN3 CMP7 

X8 
Common 

input 
C2A/CW2 C0T  PWC0     

X9 
Common 

input 
C2B/CWW2 C1T  PWC1     

XA 
Common 

input 
C3A/CW3 C2T  PWC2     
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XB 
Common 

input 
C3B/CWW3 C3T  PWC3     

XC 
Common 

input 
C6A/CW6  CH0Z      

XD 
Common 

input 
C6B/CWW6  CH1Z      

XE 
Common 

input 
C7A/CW7  CH2Z      

XF 
Common 

input 
C7B/CWW7  CH3Z      

Note: 

Õ X0-XF is the input port and Y0-Y7 is the output port. 

Õ Common input and common output mean a common I/O signal, usually a switching signal. 

Õ CxA, CxB, and CxZ are signals of encoder A, B, and Z respectively. 

Õ CW means clockwise, CCW means counterclockwise. 

Õ CxT refers to the trigger and latch function channel and supports 4 channels, C0TïC3T. 

Õ CHxP and CHxN refer to positive and negative limit signals, with N being the negative direction and P being 

the positive direction. CHxZ refers to the zero signal. 

Õ PWCx means pulse width check signal. 

Õ CHxCW is a clockwise signal and CHxCCW is a counterclockwise signal. 

Õ PULSx means pulse. 

Õ SIGNx means the direction of the pulse. 

Õ CMPx means the output comparison. 

4.2.2 Function description of input port 

The input port can be set to five functions, which are: common input function, counting function, triggering latch and 

Z-signal function, positive and negative limit zero function, and pulse width measurement function. Here is the mapping 

table of configuration input function corresponding to Inx_Configure parameters, where x ranges from 0 to F. 

 

4.2.2.1 Common input function 

If the function value is 0, the signal port is configured to be used as a common input port. 
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Wiring of common input ports 

 

Configuration of common input ports 

Define the variables to configure the ports and map them to the high speed pulse mapping table. 

Configuration routine: 

1: Configure X0 as a common input port. 

in0:=0; 

 

2: Configure X1 as a common input port. 

in1:=0; 

 

4.2.2.2 Counting function 

If the function value is 1, the signal port is configured as a counter function and all 16 input ports can be used as counter 

inputs. 

Counting function module can count and calculate the input pulse, and detect the position, speed and frequency. The 

maximum frequency of input pulse is 200kHz. 
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Wiring of counting function ports 
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Configuration of counting ports 

Function value configuration: 

Define the variables to configure the ports with data type BYTE, and map them to the high-speed pulse mapping table. 

Configuration routine: 

1) Configure X0 as a counting port. 

in0:=1; 

 

2) Configure X1 as a counting port. 

in1:=1; 

 

Configure other ports by analogy. 

 

4.2.2.3 Trigger, latch and Z-signal function 

If the function value is 2, the signal port is configured as trigger, latch and Z-signal functions. 

The trigger function can preset count value for the counter and the rising edge of the trigger signal is valid. The preset 

value will be written to the counter once the signal is valid. Normally there are three ways to write the preset value of the 

counter: software writing, external trigger writing, and consistent comparison trigger writing. This product uses external 

trigger writing. 

The latch function can lock the counter value instantly for the upper computer to read. 

The trigger and latch functions support 4 channels, C0TïC3T (mapping ports X8, X9, XA, XB). 

Z-signal function is used for Z clearing and Z compensation functions and Z-signal encoders generate one pulse per 

revolution. 

Z-signal function supports 4 channels, C0TïC3T (mapping ports X4, X5, X6, X7) 
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Wiring of trigger, latch and Z-signal ports 

 

 

Configuration of the trigger, latch and Z-signal ports 

Function value configuration: Define the variables to configure the ports with data type BYTE, and map them to the 

high-speed pulse mapping table. 

Configuration routine: 

1) Configure X8 as a trigger and latch port. 

in8:=2; 

 

2) Configure X4 as a Z-signal port 

in4:=2; 

 

 

4.2.2.4 Positive and negative limit zero function 

If the function value is 3, the signal port is configured as positive and negative limit zero function. 

Only ports X0ïX7 can be used as CHxP/CHxN positive and negative limit signal functions on the x channel, where x 

ranges from 0 to 3. The positive limit serves to limit the positive direction, where motor movement needs to stop or reverse. 

The negative limit serves to limit the negative direction, where motor movement needs to stop or reverse. 

Only ports XCïXF can be used as CHyZ zero signal functions on the y channel, where y ranges from 0 to 3. 
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Wiring of positive and negative limit zero ports 

 

 

Configuration of positive and negative limit zero ports 

Function value configuration:  

Define the variables to configure the ports, and map them to the high-speed pulse mapping table. 

Configuration routine: 

1. Configure X3 as a positive and negative limit port. 

in3:=3; 

 

2. Configure XC as a zero port. 

inC:=3; 

 

 

4.2.2.5 Pulse width measurement function 

If the function value is 4, the signal port is configured as a pulse width measurement function. 

PWCx is a pulse width measurement input channel x, where x ranges from 0 to 3, corresponding to ports X8, X9, XA, XB. 
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Wiring of pulse measurement ports 

 

Configuration of pulse width measurement ports 

Function value configuration:  

Define the variables to configure the ports, and map them to the high-speed pulse mapping table. 

Configuration routine: 

1. Configure X8 as a pulse width measurement port 

in8:=4; 

 

2. Configure X9 as a pulse width measurement port. 

in9:=4; 

 

 

4.2.3 Output Port Function Description 

The output port can be set for 3 functions: common output function, high-speed pulse output function and output 

comparison function. 

4.2.3.1 Common output function 

If the function value is 0, the signal port is configured to be used as a common output port. The following are the 

parameters of Outx_Configure in the mapping table of the configuration output function, where the range of x is 0ï7. 
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Wiring of common output ports 

 

The output port contains 8 output signals. Only single-ended outputs are supported, and the signal type is source type 

output. Y0, Y2, Y4, and Y6 share the common COM1, and Y1, Y3, Y5, and Y7 share the common COM2. 

Configuration of common output ports 

Function value configuration: 

Define the variables to configure the ports and map them to the high speed pulse mapping table. 

Configuration routine: 

1. Configure Y0 as a common output port. 

out0:=0; 

 

2. Configure Y1 as a common output port. 

out1:=0; 

 

 

4.2.3.2 High speed pulse output function 

If the function value is 1, the signal port is configured as a high-speed pulse output function, and all 8 output ports can be 

configured for high-speed pulse output. 

The high-speed pulse output support pulse + direction, FWD/REV pulse, and quadrature pulse modes. 

Wiring of high-speed pulse output ports 
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Configuration of high-speed pulse output ports 

Function value configuration: 

Define the variables to configure the ports, and map them to the high-speed pulse mapping table. 

Configuration routine: 

1. Configure Y0 as a high-speed pulse output port. 

out0:=1; 

 

2. Configure Y1 as a high-speed pulse output port. 

out1:=1; 

 

 

4.2.3.3 Output comparison function 

If the function value is 2, the signal port is configured as an output comparison function with 8 channels. 

The output comparison 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, it will output high, and if it is not equal, it will 

output low. 

Wiring of output comparison ports 

 

Configuration of output comparison ports 

Function value configuration: 

Define the variables to configure the ports, and map them to the high-speed pulse mapping table. 

Configuration routine: 

1. Configure Y0 as a comparison output port. 

out0:=2; 

 

2. Configure Y1 as a comparison output port. 

out1:=2; 
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4.2.4 High-speed I/O mapping table 

The device profile Shenzen INVT-AX70-CPU_1.x.x.x.devdes is a CPU device profile that contains description of the high 

speed counting function, which is used for functional configuration of the input and output ports as well as the use and 

configuration of the interrupt function. See the following table. 

Serial 

No. 
Variable 

Input/out

put type 
Data type Meaning 

1 Gpi_Value IN Word 16-Channel general input feedback  

2 Version_FPGA IN BYTE 

FPGA version number. 

bit6ïbit7: major version. 

bit3ïbit5: minor version. 

bit0-bit2: revision number. 

3 In0_Configure IN BYTE 

Input terminal function configuration 

0: Standard input function 

1: Counting function 

2: Trigger, latch and zero-signal function 

3: Positive and negative limit zero 

function 

4: Pulse width measurement function 

 

4 In1_Configure IN BYTE 

5 In2_Configure IN BYTE 

6 In3_Configure IN BYTE 

7 In4_Configure IN BYTE 

8 In5_Configure IN BYTE 

9 In6_Configure IN BYTE 

10 In7_Configure IN BYTE 

11 In8_Configure IN BYTE 

12 In9_Configure IN BYTE 

13 InA_Configure IN BYTE 

14 InB_Configure IN BYTE 

15 InC_Configure IN BYTE 

16 InD_Configure IN BYTE 

17 InE_Configure IN BYTE 

18 InF_Configure IN BYTE 

19 XMode_SetA OUT BYTE 

Counting function configuration for 

channel 0 (bit0-bit3), channel 1(bit4-bit7): 

0: Single pulse  

1: Quadrature encoder pulses (QEP) 

2: Timing  

3: SIGN+PULS 

20 XMode_SetB OUT BYTE 

Counting function configuration for 

channel 2 (bit0-bit3), channel 3(bit4-bit7) 

0: Single pulse  

1: Quadrature encoder pulses (QEP) 

2: Timing  

3: SIGN+PULS 

21 XMode_SetC OUT BYTE 

Counting function configuration for 

channel 4 (bit0-bit3), channel 5(bit4-bit7) 

0: Single pulse  

1: Quadrature encoder pulses (QEP) 

2: Timing  

3: SIGN+PULS 
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22 XMode_SetD OUT BYTE 

Counting function configuration for 

channel 6 (bit0-bit3), channel 7(bit4-bit7) 

0: Single pulse  

1: Quadrature encoder pulses (QEP) 

2: Timing  

3: SIGN+PULS 

23 Filt_Set OUT BYTE 
Input signal filter parameter setting (unit: 

0.25us) 

24 Out0_Configure OUT BYTE 

Output terminal function configuration 

0: Common output function 

1: High-speed pulse output function 

2: Comparison output function 

3ï255: Reserved 

25 Out1_Configure OUT BYTE 

26 Out2_Configure OUT BYTE 

27 Out3_Configure OUT BYTE 

28 Out4_Configure OUT BYTE 

29 Out5_Configure OUT BYTE 

30 Out6_Configure OUT BYTE 

31 Out7_Configure OUT BYTE 

32 GPO_Set OUT BYTE Common output signal setting bit0-bit7 

33 Run_Enable OUT BYTE 

bit0: Output channel 0 (1: enabled, 0: 

disabled) 

bit1: Output channel 1 (1: enabled, 0: 

disabled) 

bit2: Output channel 2 (1: enabled, 0: 

disabled) 

bit3: Output channel 3 (1: enabled, 0: 

disabled) 

bit6ïbit7: Reserved. 

34 Interrupt OUT BOOL Global interrupt enable 

35 Interrupt_Enable OUT DWORD 

Interrupt enable 

bit0: Interrupt 0 enable 

bit1: Interrupt 1 enable 

é 

bit19: Interrupt 19 enable 

36 Interrupt_Mode OUT DWORD 

Interrupt mode 

bit0-bit1: X0 interrupt mode 

bit2-bit3: X1 interrupt mode 

bit4-bit5: X2 interrupt mode 

bit6-bit7: X3 interrupt mode 

bit8-bit9: X4 interrupt mode 

bit10-bit11: X5 interrupt mode 

bit12-bit13: X6 interrupt mode 

bit14-bit15: X7 interrupt mode 

bit16-bit17: Probe 0 interrupt mode 

bit18-bit19: Probe 1 interrupt mode 

bit20- bit21: Probe 2 interrupt mode 

bit22-bit23: Probe 3 interrupt mode 

0: rise edge 

1: fall edge 

2: Two edges 
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The operation interface of Invtmatic Studio is displayed as follows: 

 

 

4.2.4.1 General input value 

The variable corresponding to the device profile is Gpi_Value with the data type of WORD. This parameter is used when 

the input signal is set to the common input function. The input signals corresponding to the bits of the variable Gpi_Value 

are shown in the following table. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

XF XE XD XC XB XA X9 X8 X7 X6 X5 X4 X3 X2 X1 X0 

If you need to read a common input signal, you can use either WORD mapping or bit mapping. 

In WORD variable mapping mode, 16 input signal values can be read at the same time. 

 

In Bit mapping mode, one variable can only read one signal value, and the variable type is BOOL. 

 

4.2.4.2 Version 

The variable corresponding to the device profile is Version_FPGA with data type BYTE. It is used to read the FPGA 

version, where bit6ïbit7: major version, bit3ïbit5: minor version, bit0-bit2: revision number. 

 

4.2.4.3 Input terminal function configuration 

Configure the function of the input port with data type BYTE. There are 16 input ports that can be configured for 5 

functions. Including standard input function, counting function, triggering, latching, and Z-signal function, positive and 

negative limit zero function, and pulse width measurement function. 
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4.2.4.4 Counting mode configuration 

There are 4 variables to configure the counting mode with the data type BYTE. Each variable can be configured for the 

counting mode of 2 channels. A total of 8 counter modes can be configured. See the following figure. 

 

Use 4 bits to set the counter mode with the following values: 

Bit Counting mode 

0 Single pulse 

1 Quadrature encoder pulses 

2 Timing counting 

3 Pulse + direction 

Configure the bits of XMode_SetA to set the mode of different counters. 

 

 

Configure the bits of XMode_SetB to set the mode of different counters. 

 

 

Configure the bits of XMode_SetC to set the mode of different counters. 

 

 

Configure the bits of XMode_SetD to set the mode of different counters. 

 

 

7 6 5 4 3 2 1 0 

Counter 1 Counter 0 

7 6 5 4 3 2 1 0 

Counter 3 Counter 2 

7 6 5 4 3 2 1 0 

Counter 5 Counter 4 

7 6 5 4 3 2 1 0 

Counter 7 Counter 6 
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